39S
OO

TEACHER ACADEMY
MAKER EDUCATION

MAKERSPACE
GUIDEBOOK

Establishing and operating school-based
makerspaces: a practical guide for teachers

Co-funded by
the European Union



D5.1 GUIDEBOOK

OAC,
OO

TEACHER ACADEMY
MAKER EDUCATION

RN Co-funded by
gk the European Union
TAME PROJECT | D5.1

Makerspace Guidebook

Establishing and operating school-based makerspaces: a
practical guide for teacher

Authors: Rene Alimisi, Dimitris Alimisis, Chrissa Papasarantou (EDUMOTIVA)
Contributor:  William Davis (Trinity College Dublin)
Reviewers: William Davis (Trinity College Dublin), Theodosios Sapounidis (Aristotle University

of Thessaloniki)

Acknowledgement

The authors gratefully acknowledge the feedback and suggestions provided by Ana S. Afonso,
Luis Dourado, Floriano Viseu, Helena Martinho, and Laurinda Sousa Ferreira Leite (University of
Minho)

Project Teacher Academy for Maker Education (TAME) https://tame.tlu.ee/

Deliverable D5.1- Makerspace Guidebook: how to organise and run a maker
space at school

Lead Beneficiary EDUMOTIVA - European Lab for Educational Technology

Work package WP5 - maker education goes to schools: student-teachers and in-
service teachers after their training facilitate pilots in school classes

Task T5.1

Funding Funded by the Erasmus+ Programme

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 2


https://tame.tlu.ee/

D5.1 GUIDEBOOK

O 0
OO
TEACHER ACADEMY
MAKER EDUCATION

:-**-*** Co-funded by
NG the European Union

Disclaimer: Funded by the European Union. Views and opinions expressed

are however those of the author(s) only and do not necessarily reflect those

of the European Union or the European Education and Culture Executive
Agency (EACEA). Neither the European Union nor EA CEA can be held

responsible for them.

This work is licensed under Creative Commons Attribution -ShareAlike 4.0 International. To
view a copy of this license, visit https://creativecommons.org/licenses/by-sa/4.0 /

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 3


https://creativecommons.org/licenses/by-sa/4.0%20/

D5.1 GUIDEBOOK

Contents
L INrOAUCTION ... 17
1.1 Purpose of the GUIAEDOOK .........coiiiiiiiieie e e e e e e eaens 17
1.2 Target Audience & Reading PathWaysS........cc.cooeiiiiiiiiiiii i e e e aeaaens 17
1.3 Reading by Need, NOt DY CRAPLEN .........uuiiiiiiiiiiiie e 18
2. Understanding Makerspaces in SCNOOIS...............uuiuuiiiiiiiiiiiiiiiiiiiiiee e 21
2.1 Definition and Scope of SChool Maker SPaACES............ccuuuiiiiiiieeiieecie e 21
2.2 TYPES Of MAKEN SPACES ...uuiieeiiiieeiice et e e e e e e et e e e e e e e e e ear e e e 23
Lo FUITMAKET LAb .. 23
2. Maker Corner within an EXIiStiNg SPACE ........uuceiiiiiiiiieeecce e e 24
3. Mobile Maker Space in the SChOOl.............ccooiiiiii e 24
4. POP-UP MAKEI SPBCE. ... ettt ttes et s st s s sessssnnssnnnnnes 25
MiX 8N MALCH ... 26
2.3 Examples of Implementation in Different School Settings ............ocvviiiiiiiiiiiiiiee e, 26
1. Maker corner inside the ClaSSIO0M ..........cciiiiiiiiiiiii e 26
2. Mobile makerspace acroSs SUDJECES ..........covvviiiiiiiiiiiiiiiiiiiiee e 27
3. Dedicated MAaKEISPACE........cuuuiiii i e e e e e e e e e e e e e e e e ae e e e aaaaeenaes 27
4. POP-UP MAKEISPACE ... ceeiieeeiitiiie e e ee ettt e e e e e e e e ettt s e e e e e e e e ettt e e e e eeeaeeeassaaa e eaeaaeeseres 28
5. Cross-school or community-linked: Shared maker Space. ..........ccccccvvvvvviiiiiiiiiiiiiinnnnnn, 28
Towards progressive and hybrid approaches................ueueiiiiiiiiiiiiiiiiiiiiees 28
3. Planning a SChool MaKEIrSPACE .......c.oovviiiiiii i 31
3.1 Needs Analysis and Readiness ASSESSIMENT .......ccceeiiiiiiiiiiii e 31
School context and CONSIIAINTS. .........oiiiiiiiiiiiiiii e 31
Student age groups and curriculum NKS...........cooiiiiiiiiii e 32
Outcome of the Needs ANAIYSIS .........iiii e 33
3.2 Defining Objectives and USE CaseS.......ccooeieiiiiieeeeeeeeeeeee e 33
CUITICUIAE INTEGIALION ....eeiiiiiiiiiiiiiei ettt 33
EXIraCurriCular @CHVITIES .........cooiiiiie e 34
Balancing and aligning USE CASES ........iiiiieiiiiieiiiiie et e e e et e e e e et a e e e e 34
3.3 Stakeholder ENQAgEMENT .......coooieeeeeeeeeeeee e 35
TEACKEIS ... n e nnnnne 35
Yol aTe o] N 1= 7= 1o 1= €] 1 o 35

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 4



D5.1 GUIDEBOOK

Parents and COMMUNILY........cooii i 36
Outcome of stakeholder eNgagemMENt..........oouuiiiiiii i e 36
3.4 Budget Planning and Resource AlIOCAtION .........coivieeiiiiiiiiiie e 36
Principles of budget planning ... 37

N Y 010 o [o [ aor=1 (=T o] £ [ T 37
Budget scenarios and SCAliNG...........uuuiiiiiiiiiiiiiie e 38
Resource alloCation SrAtEOIES .........coeeeeiiieeee e 38
Financial planning for sustainability ... 38
4. Selecting and Designing the Physical SPace.........ccoooiieviiiiiiiiii e 40
4.1 Criteria for Choosing a Suitable LOCAtioN ..........c.ooooiiiiiiiiiiiiii e 40
ACCESSIDIIITY ... 40
Size and FlIEXIDIlIEY.......couuii e e e e 40
INfrasStrUCIUrE FEQUINEMENTS ...uuui et e e e e e e e et s e e e e e e e ettt e e e e e e e e eeeernnanas 41
4.2 Space Layout and ZONING ......ccouiiiiiiiieeeeeeeee e 42
Workstations (digital fabrication, electronics, craftS) .........ccccccvvviiiiiiiiiiiici e, 42

Y (0] Yo R T T S PSP 42
COllabOrAtION ZONES .....coiiiiiitie ettt e e e e e e e e e e e e e e 45
Design conSIiderationS @CrOSS ZONES ........cccevieeeeeeeeee e 46
4.3 Furniture and ErgONOMICS.........cuuuiiii i e e e e 46
o (o] o F= VN (= To [T =T 0 L=T ] <R 46
Ergonomic CONSIAEIALIONS .........cooeiiiieee e 47
Safety and durability ... 47
INClusivity and aCCESSIDIILY .......ciii i 48
4.4 Utilities and Technical INfrastruCIUre ... 48
POWET SUPPIY - 48
Tal (T gpl= aodo] o] a1=Tor 11/ YU 49
Ventilation & AIF QUAILY........uuueii e e e e e e 50
5. Equipment, TOOIS, and MaterialS ..........couuuuiiiiiiiiiieeiiee e e e e e aaraas 54
5.1 Core EQUIPMENT CategOriES ... ccoe e 54
Craft and prototyping TOO0IS ........cooiiiiiiiiee e 54
Electronics (MIiCroCONIIOlIErS, SENSOIS) ......ccciiieiieee e 54
] 0o T3 55
Digital fabrication (3D printers, 1aSer CUEIS) ........oii i 55
Balancing equipmMENt CAtEQOIIES .......uuuiiii et e e e e e e e e e e 56

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 5



D5.1 GUIDEBOOK

5.2 Starter Kits for Low-Budget MaKer SPACES .......cccoeeeieieieieeeeee e 56
Principles for designing starter KitS...........coooiiiiiiiiiiii e 56
Core components of low-budget starter KitS ............cooiiiiiiiiiii e 56
IMPIEMENTALION SIrATEGIES ... 57
Pedagogical value of Iow-budget KitS ...........oooumiiiiiiii e 57

5.3 Scaling Up: Advanced EQUIpMENt OPtioNS.........ciiiieeiiiiiiiiies et 58
Advanced electronics and [0T SYSIEIMS .........uuuuuuiiiiiiiiiiiiiiiii e 59
Advanced robotiCS PlatfOrmS ...........uuuiiiiiii 59
Specialized tools and EQUIPMENT........coii e 59
Operational considerations When SCaliNg UP ......cooieeeeiiiiiiiiiie e 59

5.4 ProCuremMent StratEOIES .....cccoeeeieeeeeeeee e 59
COSt-EffECHVE SOUICING .. .. e e e e e e e e e e r b e e 60
Open-source and DIY alterNatiVES..........cooiiieiiiiiii e 61
Balancing procurement approacChes .........oooo oo 61

5.5 INVENLOrY ManN@gQEMENT ...t e e e e e e e e ennn e 62
Establishing an inVENTOry SYSIEIM ......uuiiii i e e e e e e 62
Storage and organization PracCtiCES .........coivviiiiiiii i 62
Tracking usage and CONSUMPTION ... ...uuuuuuueeeeriteeteeeeeeeeeeeeeeeeeeeeeeeseesesessseeseeeeeseneeeeesnnnnnnnnee 62
Maintenance and lifecycle management .............ccoiiiiiiiiiiiici e 63
Student involvement and responsibility ............cccooiiiiiiiii 63

6. Safety Guidelines and RiSK Man@gemeNt............uuuuuuuuueiuiiiiiiieiiiiiiiiieieeeneeeeneeeeeeeeneeeineeeneneees 65

6.1 General Safety PriNCIPIES .....ccooieeeeeeeeeeeeeee e 66
1. Safety as a shared respoNSIDIItY ..........cooiiiiiiiii e 66
2. Risk awareness and PreVeNTON..........couvviiiiiiiiiiiiieeeeeeeeeee e 66
3. Clear rules and PrOCEAUIES ..........uuuuuuiiieeeieieiiieeeeeeeeebebbb bbb eeeeeeeeesseeeesbeesbeseessnneeesnenees 66
4. Training and INAUCLION .........ouuuiiiii e e e e e e e e e e e s e e e aeaeennes 66
5. SUpervision and apProPriale USE ........ccceiieeuiiiiiiieeeeeeeeetiiee e e e e e e e ettt e e e e e e eearraa e e e e 67
6. Safe WOrking €NVIFONIMENT .........oiiiiiiiiiiiiiie et 67
7. EMErgency PrePar€aiESS ......ccooviiiiiiiiiiiiiiiiieeee ettt 67
8. Continuous review and iIMProVEMENT .........ouuuiii e 67

6.2 Tool-Specific Safety ProtOCOIS .......ccoooeeeeeeeeeeeeeeeeee e 68
1. Hand tools and craft @QUIPMENT.........coooi i 68
2. Electronics and SOIAErNG ......ooeeiiieiiie e 68
3. Robotics and mechaniCal SYSEIMS .........uiiiiiiiii i e et eeeans 69

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 6



D5.1 GUIDEBOOK

4. Digital fabrication tOOIS ..............uuiiiiiiiiiiie e 69
5. Power tools and advanced equipment (if applicable)............ccoovvviiiiiiiiiiiiiicee e, 69
6. Chemical materials and substances (if applicable) ........ccccoooeeiiiiiiiii e, 70
CrOSS-CULLING PrACUICES ....ciiiiiieiiiiieii ettt e e e e 71
6.3 Student Training and Safety INAUCLION ..............coiiiiiiii e 71
Purpose of safety INAUCTION ...........oouiiiii e 71
Structure of an INAUCHION PrOGIaIM ........coviiiiiiiiiiiiii e 71
Differentiation by age and eXPeri€NCE .........coooeeiiii i 72
Reinforcement and continUOUS traiNiNg ..........ccuuuiiiiiiei i 72
Student responsibility and OWNEISNIP .........ooouiiiiiii e 73
Documentation and Validation ...........coooorieiiii e 73
Classroom activi t.y...ASp.ot..t.he..Ri.sk.s.o 74
6.4 Supervision and ReSPONSIDIILY ......uuueiiiieiic e e 76
RoOle Of the tEACNET ... 76
Supervision ratios and CONAITIONS .........eiiiiiiiiiiiiiiiiie i 77
Student responsibility and gradual QULONOMY ..........ccoiiiiiiiiiiiii e 77
Defined roles and resSponSIbIlitIES .........coii i 77
Access control and USAGE POIICIES. .......uuuuuuiiiiiiiiiiiiiii bbb 77
Balancing safety and autOnNOMY ..........cooiiiiiiiiiiiiiiice e e e e e e e e e e e 78
6.5 Emergency Procedures and Incident REPOItiNg..........ccouviiiiiiiiiiiiiiiiiicce e 78
1. Types of inCidents iN MAaKEIr SPACES.........cooeiiiiieeee e 78
2. Emergency equipment and prepar€dnesSsS ..........oovvvviviiiiiiiiiiiiiiiiiiieeeeeeeee e 78
3. Post-incident review and [€arniNg............uueeiiiiiiiiiiiiiiie e a e e e eaaens 79
6.6 Legal and Policy CONSIAEIAIONS .......ccoeeeeeeeeeeeee e 79
1. Health and safety reguIationS ...........ooooir i 79
2. Duty of care and liability ............ouuiiiii i 79
3. Data protection and digital SAfety ...........uuiiiiiiiiiii e 80
4. Intellectual property and ICENSING ........uuuuuuuuurieiiiiiiiiiiiiiiiiieiieeeibeeeeeeeee e 80
5. Inclusion, equity, and ethical cCoNSIderations................uuuieeii e 80
7. Organising and Operating the Makerspace ...........oouuuuiiiiii i 83
7.1 Access and Scheduling MOUGEIS .......coooeeiieeeeeeeeee e 83
BT 0= =] [T I E - PSSR 83
OPEN 18D SESSIONS. ... e 83
Balancing aCCesS MOUEIS ........ociiiii i e e e e e e et e e e e e e aees 84

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 7



D5.1 GUIDEBOOK

7.2 Classroom INtegration StrategIeS .......ccccoeeieieieee e 84
Aligning maker activities with learning objectives ............cccvvviiiiii e, 84
Project-Based Learning (PBL) ..........uuuiiiiiieiiieeie et e e e e 85
INterdisSCipliNary IEAIMING. .. ..o 85
Scaffolded learning and differentiation .............cccooiii i 86
Integrating reflection and doCUuMENLAtiON............couviiiiiii i e 86
ASSESSMENT APPIOACNES ...ttt nnnnnnnne 86
Teacher COllADOTALION....... .. i it neneeee 86
Starting small and scaling gradually ...............ouuiiiiii i 87

7.3 Resource Allocation and Usage POlICIES...........coiiiiieiiiiiiies e 87
Principles of resource alloCation ............cooveeeii i 87
Allocation oOf tiMe aNd SPACE.........ccci i e 87
Allocation of equipment and tOO0IS............uciiiiii i 87
Management of materials and coNsSUMADBIES ... 88
User responsibilities and eXpectations ...........oooveiiiieiiiiieeeee e 88
Flexibility and continUoUs iIMProVEMENL...........cuuiiiiiiieei e e 88
Making It Work: Resource Allocation and Usage PoliCIeS..........cccovvvviiiiiiiiiieiiiceee e, 88

7.4 Documentation and Project TracCKing .........cooeeeeeeeeieeeeeeeeeee e 89
Purpose of dOCUMENTALION ..........oooiiiiiiiii i e e 89
Types Of dOCUMENTALION ........ooiiiiiii e e e et e e e e e e e e e e e ae e e e e eeaeennes 89
Supporting reflection and feedback ..............ooovvviiiiiiiiii 20
Documentation should be actively used to support reflection and feedback. Strategies
INCIUAE: ..ottt e e e e e e e et e e e e e e et e e e e e e e nnneeees 90
Balancing structure and flexibility .........cccooooiiiiiii e 90
Linking documentation t0 @SSESSMENL..........ccoviiiiii e 90

7.5 MainteNanCe and UPKEED .. ..cooieeeeeeeee e 91
Principles of effective MaintenanCe ...........cooiviiiiiiii e 91
Daily MaintenanCe PraCliCeS. .......oei it e e e e e e e e e 91
Periodic maintenance and iNSPECHION .........cooveiiiie i 91
Roles and reSPONSIDIIILIES. .......cooii e 91
Reporting and repair SYSIEIMS. .. ...coe e e e e e e 92
A simple system for reporting issues is essential. Key elements include: ......................... 92
Maintenance of digital tools and SOftWare.............ooovii i 92
Sustainability and r@SOUICE CAE .......ccuuiieiiiiii i e e e e e e e e e e eeen e e e earaaeeaees 92

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 8



D5.1 GUIDEBOOK

7.6 Managing ConsSUMADIES ........coiiiiii e 92
Planning and foreCasting NEEAS ..........ciiiiiiiiiieee e e e 92
Controlled distribution Of MALEIIAIS ............oviiiiiiiii e 92
Promoting efficient use and waste reduCtion ..o 92
Storage and organization of CONSUMADIES..........ccooiiiiiiiiiiii e 93
Monitoring and repleniShMENt ... e 93
Budgeting for CONSUMADIES .........oooiiieeeee 93
Student involvement and responSIDIlItY ...........ooovviiiiiiiiiii 93

8. Implementation of TAME Project PilOtS ...........ccoiiiiiiiiiii i 96

8.1 Preparing Schools for Pilot Participation ...........cccoocoeiiiiiiiiiiis e 96
Establishing SChool readineSs .........cooo oo 96
Teacher preparation and capacity building ... 96
Co-design of MaKer ACtIVILIES ........uuuuiiiiii e 96
Planning pilot iIMpPIemMENtatioN...........coooiiiiii e 97
Coordination wWith the CONSOITIUM .........ooiiiiiiiiii e 97
Preparing students for partiCipation ..............ooeuiiiiiiii e 97
Documentation and monitoring readiNESS ..........uieiiiieiiiiiiiiiiie e 97
Building a supportive SChool €NVIFONMENT .........oooiiiiiiiie 97

8.2 Minimum Operational REQUIFEMENTS..........oooiiiiiiii e 98
Functional MakersSpace SEIUP........couuuuiiiiiie et e e e e e e e e et e ee s 98
Essential equipment and materialS............oooooooi 98
KEY CONSIARIALIONS ... 929
Safety and risk management MEASUIES ............ceiiiiiiiiiiiiiie e 100
Trained and prepared tEACNEIS ........ ... i i bbb eaenene 100
Structured implementation PlaN ... 100
Student organization and participation .............ccooiii i 100
Documentation and reporting SYSEIMS .......ccoiiiiiiiiiiie e e e e e raaaes 100
Schools must be able to document and monitor pilot activities, including: ...................... 100
Communication and coordination MechaniSMS ...t 100
[T [ = L == 1o 1TSS 101

8.3 TImeline and MIlESTONES .......cccoieeeeeee e 101
Overall pilot tiMelNE SIIUCIUIE ........cooiiiiiiiiiiiiiee e 101
Phase 1: Preparation (before each pilot round) ............oooeeeiiiiiiiiiiii e, 101
Phase 2: Implementation (pilot @XeCULION).........ouuuuiiiie i 102

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 9



D5.1 GUIDEBOOK

Phase 3: Reflection and sharing (POSt-pilot) ... 102
Iterative development across pilot roUNdS ...........oovuiiiiiieiiiiiic e 102
Flexibility and adaptation............coooiiiiiiiiii e 102
9. Sustainability aNd SCAING........uuuueiiiiiiiiiii e 105
9.1 Long-Term MaintenancCe Strat@QieS ........ccciiiiiiiiiiiii e ee e e e e e e aaaaaas 105
Preventive maintenance Planning .........coooeeeoriieiiiiiii et e e e e 105
Lifecycle management Of EQUIPMENT.........oooiiii i 105
Sustainable management of CONSUMADIES ............oooviiiiiiiiiiiiiiii 105
BUilding internal CaPaACITY...........coiiiiiiiiiie e 106
INStitUtioNal INTEGIALION ......cuiiiiiii e e e e e e e e e e e e eeaaaa s 106
Partnerships and external SUPPOIT.........oooooi i 106
9.2 Funding Opportunities and Partnerships...........ccooiiiieiiiiiiiiie e 107
Public funding and educational Programs..............cceiiiieeiiieiiiiiiee e 107
School-level budget alloCatioN.............coviiiiiiiiiiiii e 108
Partnerships with industry and private SECION ...........cooovvieiiiiee e 108
Collaboration with universities and research iNStitutioNS................eevvieeiiiiiiiiiiieee 108
Community and local PartNershiPS ........ccooiiiiuiiiiii e 108
In-kind contributions and resource SNArNG ........ccoooooooooiee e 108
Strategic partnership deVelOPMENt.........cooiiiiiiiiie e 108
Effective partnerships require a structured and proactive approach: ..............cccceevvvvnnenn. 108
9.3 Community Engagement and OULIIEACK .........ccooeeeeeieeeee e 109
Building awareness and understanding..........coooeeoieeieiieee e 109
Showcasing STUAENT WOTK.........oooiiiii e 109
Organizing OULreach ACHIVILIES ..........cooiiiiiiiiiiiiiiiiiieieee e 109
Towards creating a Community Of PracCtiCe ..............ueuuuuuuuiuriiiiiiiiiiiieiiiiieiieeeieeieeeeeeeeeeaee 110
Promoting inclusion and accessibility ... 110
10. Key Lessons Learned from Previous Implementation..............cccoovvviiiiiiiieeecceeviiiceee e, 112
Common challenges and SOIULIONS .......ccooieieiiee e 112
11. Faces of a Real MaKerSpacCe ..........ooooiiii i 115
11.1 Helena: The FUuNding HUNTEY .......oooiiiie e e e e e e e eeeees 115
11.2 Marco: The CommMUNILY CONNECTON .......uuueiieiiiiiiieeiiiiieieeieeeeseeeeeeeeeeeeeenaeeeeeeeeeeeeaeeeeeeee 117
11.3 Sofi@, THe Order-KEEPEI .....uuue i e e et e e e e e e e e e e e e aaaeeeanes 119
11.4 Daniel: The Coalition-BUIlAEN .............uiiiieiiiiiieieieee e 120
11.5 Maria, The Safety Champion ..........ooooiiiuiiiioe e e e e e eeeees 121

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 10



D5.1 GUIDEBOOK

11.6 Reading across the fiVe PEIrSONAS .........uuuuiuiiiiiiieieiiieieeieiiiee i neneeennnees 123
12. Real Stories from the Field: Successes, Failures, and Everything in Between................. 126
A ShOrt WOrd 0N FAIIUIE .........eeiiieci e 126
12.1 The Makerspace disoriented by COVID-19..........cuuumiiiiimiiiiiiiiiieiiiiiiiiiiieneeeeeeeeeenenneeees 127
12.2 Failed print-outs: A Story of Inherent Failure ...........ccooooiieiiiiiiiiii e, 129
12.3 Another real story of faillure-SUCCESS ........ciiiiieiiieiice e 131
12.4 Reading these StOries tOgELNET ........... i i 133
13. Your Roadmap to Establishing a Makerspace ... 136
13.1 Stage 1: SPArk and CaSE .....uuuiiiii e e it e et e e et e e e e e e e e ea e e aaeeeane 137
13.2 Stage 2: Readiness Audit and Stakeholders..........cccooveiiiiiiiiiiiiii e, 138
13.3 Stage 3: Design and PrOCUIEMENT .........uuuuueeiiiieiieiiieeeieeeeseesneseanseeseeeeeneeneseeesennneennnnee 139
13.4 Stage 4: Build, EQUIp, and INAUCT............oiiiiiiieie e e 140
13.5 Stage 5: First Pilot Run, Observe, AdjUSt ...........uiiiiiiieiiiieiien e 141
13.6 Stage 6: Embed, Expand, and DOCUMENT ...........uuuuuuueruiieiiriieeeieneiieinnennnneeneenennnnennnenes 142
13.7 Stage 7: Sustain, Scale, and SNare ........ccooooeeiiiieiiiiii e e 143
13.8 QUICK VISUAI FOAAMAP ....coeviiiiiii i e e et e e e e e e e e e ee e e e e e eeeeenes 144
14. Key Takeaways: A Single-Page Summary You Can Pintothe Wall..............cccccoeeee. 146
ON the TOOM IESEIT ... 146
(@ g ICT-1 (=Y £V SRR 146
(@ g I o= o] o] L= USSP 146
(@0l o]o1=] =11 o] 4 1 ST 146
ON COMIMUINILY .. a e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeeeas 147
On leadership and SUNVIVAL ...........coooiiiiiiiiii e e e e e e e e e e e 147
1O 011 0To] 01 TP PP PR U PPPPPPPPTRR 147
O TAUIUI . 147

F Y o] o 1] o [ o= ORI 149
Appendix 1: Sample FIOOr Plan..........ooooo i 149
Suggested layout: advanced implementation ... 149
General layout QUIAEIINES .........ccoiiiiiiiiiii e 151
How to use this floor Plan ..........ooo oo 151
Appendix 2: Equipment Lists (Basic to Advanced) ... 151
A. Basic setup (low-budget / starter [Vel) .............uuuuiiiiiiiiiiiiiiiiiiiiiies 151

B. Intermediate setup (developing maker SPace)..........couvveeiiiiiiiiee e 152

C. Advanced setup (full maker lab)..........ooo i 152

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 11



D5.1 GUIDEBOOK

D. Safety equipment (all IEVEIS) ... 153
E. Supporting digital tOOIS.........cceiiieeece e ———— 153
F. Organizational and storage eqUIPMENT............uuuiiiiiiie i 153
GUIAEIINES FOF USE ..ot 153
Appendix 3: Safety CheCKISES .........vuiiiiie e 154
A. Dally safety ChECKIIST.............iiii e e e e e e eeeaes 154
B. Weekly / periodic safety inspection Checklist................ooooooii 154
C. Tool-specific safety CheCKIIST ...........cooovviiiiiiiiiie 155
D. Student safety compliance checKlist ..o, 155
E. Emergency preparedness CheckIlist ............oouuiiiiiiic e 156
How to use these CheCKIISIS ..o 156
Appendix 4: Low-Budget Starter Scenario for TAME Pilots.........ccoooeeiiiiiiiiiiieeeeee, 157
y N = 10T o =1 1] o [T | o3P PPPPRRPPN 157
B. Equipment & materials budget (per SChool)...........ooooiiii 157
C. Total estimated budget (Per SCNOOI).........ccovviiiiiiiiiiiie 159
Appendix 5: Medium Build-digital fabrication fOCUS ...........cccoooiiiiiiiiiiiii e, 160
Appendix 6: Safety Rules Poster (Display VEersion)........cccooeveeeiiiieiiiiiiii e eeeeeans 163
APPENTIX 7: GlOSSAIY Of TEIMIS....ciiiiiiiiiiiiiiieiii ettt 164
PP PP UPPTRT 164
PSP TPPPRTR 164
PSPPI 164
D PP 164
PP TPPPRTT 164
TP PP 164
PP PRSP 164
PP UPPPRTT 165
PP 165
U PP 165
s PSPPI 165
TP UPPPRTRRUPPIN 165
Appendix 8: Further Reading and RESOUICES ...........ccooiiiiiiiiiiiiiiee 166
Practical guides and ClasSroOm FESOUICES ........ccoevveieiiieeeeeeeee e 167
Online platforms and COMMUNILIES .........cooiiiiiiiiie e 169
Project-based learning and pedagogy .........ccoveeeuiuuiiiie e 170

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 12



D5.1 GUIDEBOOK

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 13



D5.1 GUIDEBOOK

A note to readers

You are about to read a guidebook that was written, first and foremost, with teachers and school
representatives in mind. It is a practical companion for the actual work of setting up, running, and
sustaining a school-based maker space.

The guidebook contains everything teachers and school representatives need: detailed sections
on planning, equipment, safety, sustainability, and pilot implementation. short tips, key
takeaways, real stories from teachers who have done this work, and a roadmap you can follow
week by week.

The guidebook is structured in chapters so you can read independently and treat the appendices
as a working drawer. You can depth where you need it.

Throughout, you will see four kinds of coloured boxes. Tips suggest something you can try while
setting up and/or operating your makerspace. Key takeaways condense a long section into a
sentence or two. Watch-outs flag the most common mistakes. Personas and stories put a
human face on the process and bring patterns to life through real examples.

Use the icons below as a quick reference as you read

~

N

- W = Tips: suggest something to try in your makerspace

4

4

Key takeaways: condense a long section into a sentence or two

Watch out: flag the most common mistakes

Teacher personas: put a human face on the process

Stories: making abstract patterns, tangible

5000 B> e

A few of the things this guidebook argues are:

A A maker space is defined by the learning it hosts , not the gear it owns.
A Start small enough and expand smoothly.
A Money is rarely the bottleneck. Ownership, routines, and recurring funds are.
A Failure is not the opposite of progress. It is one of the routes to it.
A You cannot scale a hero. Recruit, document, step back deliberately.
If you take only one thing from these pages, let it be this: build the smallest room that lets you

start, fill it with routines rather than gear, recruit allies who can replace you, and document
everything. The makerspace that survives is the one written down.

Good luck- and when something goes wrong, or unexpectedly right, tell us about it. Send your
makerspace stories to tame@tlu.ee . The community grows by what we are willing to say out
loud, including both successes and failures.
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Our Starting Point : A shared Definition of Making

This guide is grounded in the definition of maki
is a process of project-based learning, characterized by agency, interdisciplinarity, creativity,
social interaction, and reflection, in which learners apply both analog and digital tools in
iterative design cycles to create and share meaningful physical or digital artifacts that address
reakwor | d probl ems, generating personal or societ

Everything that follows, equipment choices, safety protocols, sustainability planning, and the
lessons drawn from real makerspace experiences, is written in service of that definition. A
makerspace is not simply a room full of tools; it is the physical and social environment that
makes this kind of learning possible. Our aim with this guide is to help you build and sustain
that environment, so that the process of making can take genuine root in your school or

organisation.
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1. Introduction

This guidebook has been developed to support schools in designing, establishing, and
operating maker spaces within the framework of contemporary educational practices and,
specifically, within the implementation of the Teacher Academy for Maker Education (TAME)
project. It brings together pedagogical principles, practical guidance, and operational tools

to enable schools to create meaningful, safe, and sustainable maker environments. Each section
has been shaped with the teachers and school representatives in mind, the ones who are
encouraged to turn ideas into routines.

What you can find in this guidebook

Tip boxes highlight practical moves you can make or recommendations

Key takeaway boxes condense the long sections into one or two sentences.
Watch -outs flag the most common mistakes that can happen

Five teacher personas show realistic struggles and how colleagues like you have
addressed them.

A Real Stories section shares successes and failures from the field, because both
teach.

A Roadmap turns the whole guidebook into a step-by-step path you can follow.

T T To Io To T

1.1 Purpose of the Guidebook

The primary purpose of this guidebook is to provide a comprehensive, practical resource that
supports teachers and schools in becoming operationally ready to implement maker education.
It offers:

A Step-by-step guidance for planning, setting up, and managing school maker spaces.

A Practical recommendations for equipment selection, space design, and resource
management.

A Clear procedures for ensuring safety, sustainability, and effective operation.

A Strategies for integrating maker activities into teaching and learning processes.

The guidebook is designed to bridge the gap between theoretical understanding and

classroom implementation , enabling schools to translate maker education principles into

concrete practices . It assumes nothing about prior experience: whether your school is starting

from a single classroom corner or already running a partial lab, you will find an entry point.

1.2 Target Audience & Reading Pathways

This guidebook addresses a broad range of stakeholders involved in the implementation and
operation of makerspaces.
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Teachers (primary readers) You are the primary facilitators of maker activities. Use the
guide for pedagogy, classroom integration, project design,
safety routines, and student support. Read chapters 2, 6, 7 and
the 11 (the personas) first.

School Leaders The guide supports decision-making related to planning,

(Principals, Coordinators) resource  allocation, policy  development, and
sustainability , ensuring alignment with school priorities. Read
chapters 3, 8, 9 and 13 (the roadmap) first.

Technicians and Support Practical information is provided on equipment setup,

Staff maintenance, safety procedures, and technical
infrastructure , supporting the operational aspects of the
maker space. Read chapters 4, 5, 6 and the appendices first.

Parents, partners and the The guide explains what maker education is and how external
community support adds value. Read chapters 2 and 9.

1.3 Reading by Need, Not by Chapter

This guidebook is structured to be both comprehensive and flexible, allowing users to navigate it
according to their needs and stage of implementation.

A Schools in the initial planning phase may focus on sections related to needs analysis,
space design, and budgeting.
A Schools already operating a maker space may use sections on management, safety, and
sustainability.
A Teachers can directly access sections on classroom integration, project implementation,
and assessment.
Each section can be used independently, while together they form a coherent framework covering
the full lifecycle of a maker space, from planning to scaling. The appendices provide practical
tools (checklists, templates, safety rules poster) that can be directly adapted and applied in school
contexts.

1.4 Alignment with the TAME Project

This guidebook has been developed as part of the Teacher Academy for Maker Education
(TAME) project, supporting the implementation of school pilots and teacher training activities. It
is aligned with:

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
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A The learning modules (WP2), covering electronics, robotics (DIY approach), and digital
fabrication.

A The pilot implementation framework (WP5), ensuring that schools are prepared to host
and run maker activities effectively.

A The project's emphasis on creativity, innovation, and interdisciplinary learning.
The guidebook serves as a key resource for Task 5.1, supporting schools in establishing or
adapting maker spaces and ensuring readiness for pilot activities. By aligning with the TAME

project objectives, this guidebook contributes to building sustainable, scalable, and pedagogically
grounded maker education practices across participating schools and beyond.
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2. Understanding Makerspaces in Schools

A makerspace does not begin with equipment; it begins with a question: what kind of learning do
you want to make possible? Before choosing tools, furniture, or floor plans, schools need a clear
sense of the educational experiences they are designing for. This chapter builds that foundation.
It defines what a school makerspace is, maps the main models in use today, and illustrates how
each one takes shape across different school contexts and resource levels.

2.1 Definition and Scope of School Maker Spaces

A school makerspace is a dedicated physical learning environment where students actively
engage in designing, building, experimenting, and iterating tangible or digital artifacts. Rooted in
the principles of maker education, such spaces emphasize hands-on, inquiry-driven learning that
integrates disciplines across science, technology, engineering, arts, and mathematics (STEAM)
(Johnston et al, 2022; Yang et al, 2025). Unlike traditional classrooms, makerspaces are not
primarily organized around content delivery but around creation, problem -solving, and
exploration , enabling students to learn through doing (Peppler et al, 2026).

At its core, a school makerspace functions as a pedagogical environment rather than simply a
room equipped with tools. It supports constructionist learning  approaches (Papert, 1980),
where knowledge is built through the process of making meaningful products. Students engage
in activities such as prototyping, coding, crafting, electronics, robotics, and digital fabrication,
often working collaboratively on open-ended challenges (Valente & Blikstein, 2013). The
emphasis is placed on creativity, critical think ing, resilience, and iterative design , fostering
a mindset that values experimentation and learning from failure (Blikstein, 2013).

The scope of a school makerspace extends beyond its physical boundaries. While it may be
housed in a classroom, lab, library, or repurposed area within the school, its function is inherently
flexible and adaptable to different educational contexts. Makerspaces can support:

A Curricular activities , by enabling interdisciplinary, project-based learning aligned with
formal learning objectives.

Extracurricular initiatives , such as clubs, competitions, or innovation projects.

Cross -curricular collaboration , bringing together different subject areas through
thematic projects.

A Community engagement , involving parents, local experts, and external partners.

A
A

Importantly, a makerspace does not require advanced or expensive equipment to be effective.
Its scope includes a wide spectrum of implementations, from low-cost mobile maker kits using
everyday materials to fully equipped fabrication labs with 3D printers, laser cutters, and
electronics workstations. What defines the space is not the sophistication of its tools, but

the intentional design of learning experiences that promote active participation and creativity.

Within the school ecosystem, maker spaces also serve as hubs for innovation in teaching
practice. Teachers adopt the role of facilitators or mentors, guiding students through design
processes rather than delivering predefined knowledge. This shift supports more inclusive and
student-centered learning environments, accommodating diverse learning styles and
encouraging all students to participate meaningfully (Vuorikari et al, 2019).
101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
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Finally, in the context of the TAME project, school makerspaces are understood as operational
learning infrastructures  that must be feasible, safe, and sustainable within real school
conditions. Their scope includes not only educational activities but also the organizational,
technical, and managerial dimensions required for effective implementation, such as space
planning, equipment selection, safety procedures, scheduling, and maintenance.

In summary, a school makerspace is a flexible, learner-centered environment that enables
making as a pathway to learning, with a scope that encompasses pedagogy, physical setup,
resource management, and integration into the broader school culture
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2.2 Types of Maker Spaces

School maker spaces can take multiple forms depending on available resources, spatial
constraints, institutional priorities, and the intended pedagogical use. Rather than a single
standardized model, schools typically adopt context -sensitive configurations  that balance
ambition with feasibility. The four most common implementation types: full labs, maker corners,
mobile maker spaces, and pop-up maker spaces, each represents a continuum from permanent,
resource-intensive environments to highly flexible, lightweight solutions.

1. Full Maker Lab

A full maker lab is a dedicated, permanent space within the school, specifically designed and
equipped to support a wide range of maker activities. It typically includes digital fabrication tools
(e.g., 3D printers, laser cutters), electronics workstations (microcontrollers, sensors), hand tools,
and areas for crafting and assembly.

This model provides the highest level of functionality and pedagogical integration. The space is
usually organized into zones, such as fabrication, electronics, prototyping, and collaboration
areas, allowing multiple activities to occur simultaneously. It enables sustained project work,
supports interdisciplinary learning, and can be integrated systematically into the curriculum.

From an operational perspective, full labs require:

A Significant initial investment (equipment, furniture, infrastructure).
A Ongoing maintenance and consumables management.
A Clear scheduling systems and supervision protocols.

Full maker labs are particularly suitable for schools that aim to position maker education as a
core institutional practice, supporting long-term projects, pilot implementations, and advanced
student work. However, they also demand a higher level of organizational readiness and
teacher training .

Figure 1: Example of a makerspace. Image retrieved from
https://whichschooladvisor.com/singapore/guides/makerspaces-in-singapores-international-schools
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Figure 2: Example of a makerspace. Image retrieved from_https://ideas.demco.com/blog/makerspaces-in-schools/#

2. Maker Corner within an Existing Space

A maker corner is a dedicated area within an existing classroom, lab, or library, rather than a
separate room. It typically includes a compact selection of tools and materials, such as basic
electronics Kits, craft supplies, and small-scale fabrication tools.

This model is highly accessible and cost-effective, making it ideal for schools with limited space
or budget. It allows teachers to incorporate maker activities into regular lessons without requiring
a full infrastructure overhaul. Maker corners are particularly effective for:

A Introducing hands-on activities in everyday teaching.
A Supporting short-term or modular projects.
A Gradually building a maker culture within the school.

However, the scope of activities is naturally more limited compared to a full lab. Space constraints
may restrict the use of larger or more complex equipment, and careful organization is required to
ensure that materials remain accessible and safe within a shared environment.

3. Mobile Maker Space in the school

A mobile maker space consists of portable equipment and materials organized in carts, boxes,
or modular kits that can be moved between classrooms. Instead of bringing students to a fixed
space, the maker experience is brought to them.

This model is particularly useful in schools where:
A Space is limited or shared.

A Multiple classrooms need access to maker resources.
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A Flexibility and scalability are priorities.

Mobile maker spaces typically include robotics kits and microcontrollers, laptops or tablets, hand
tools and prototyping materials, and compact digital tools (e.g., small 3D printers, if feasible).

The key advantage is flexibility and inclusivity : it allows broader participation across different
classes and age groups while reducing the need for dedicated infrastructure. It also introduces
logistical challenges:

A Transport and setup time between rooms.
A Risk of equipment damage or loss.
A Need for clear booking and tracking systems.

When well-managed, mobile maker spaces are an effective strategy for scaling maker education
across the school without major capital investment.

Figure 3: A storage trolley for a mobile Makerspace- The STEAM2GO Erasmus+ project initiative

4. Pop-up Maker Space

A pop-up maker space is a temporary setup created for specific events, workshops, or short-
term projects. It can be assembled in classrooms, halls, or outdoor areas and dismantled after
use. This model is characterized by its high flexibility and low commitment, making it ideal for:

A Pilot activities or initial experimentation.
A Thematic events (e.g., STEM days, innovation weeks).
A Teacher training workshops.
A Community engagement activities.
Pop-up maker spaces typically rely on simple, easy-to-deploy materials and tools, focusing on

accessibility and rapid setup. They are especially useful for testing ideas before committing to
more permanent installations.

The main limitation is the lack of continuity . Since the space is not permanent, it may be harder
to support long-term projects or sustained skill development. Nevertheless, pop-up maker spaces
play a crucial role in:
A Building awareness and interest.
101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
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A Lowering barriers to entry.
A Demonstrating the value of maker education to stakeholders.

Mix and match

These four models should not be seen as mutually exclusive. Many schools adopt a hybrid
approach, combining, for example, a small maker corner with mobile kits or using pop-up spaces
to complement a developing lab. The choice depends on each school's resources, goals, and
readiness level.

Importantly, all four types can effectively support maker education. The critical factor is not the
scale of space, but the quality of the learning experiences and the extent to which making is
meaningfully integrated into teaching and learning practices.

2.3 Examples of Implementation in Different School Settings

Maker spaces are most effective when they are adapted to the specific constraints and
opportunities of each school context. Below are representative implementation scenarios
illustrating how different types of maker spaces can be operationalized across diverse school
environments. These examples are deliberately pragmatic, showing how pedagogical intent,
space, and resources align in real conditions.

1. Maker corner inside the classroom

A maker corner within the classroom is often the most appropriate entry point. A section of the
classroom is equipped with accessible materials such as cardboard, recycled items, simple hand
tools, and beginner electronics (e.g., snap circuits or basic microcontrollers).

Implementation characteristics
A Activities are embedded in project -based learning units  (e.g., building simple machines,
storytelling through making, environmental projects).
A Emphasis on exploration, creativity, and collaboration , rather than technical precision.
A Teachers integrate making into subjects like science, art, and language.

Operational approach

A Materials stored in labelled bins for easy access.
A Short-duration activities.
A Clear routines for setup and cleanup.
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Added value

Supports early development of problem-solving skills and fosters a maker mindset without
requiring specialized infrastructure.

2. Mobile makerspace across subjects

Another option is the mobile maker space model to serve multiple classes and subjects. In this
case, equipment is organized into carts or Kits that circulate between classrooms.
Implementation characteristics

A Usein STEM subjects (physics, technology, mathematics) and interdisciplinary projects.
A Activities include robotics, coding, data collection, and simple engineering challenges.
A Teachers collaborate across subjects to design shared projects.

Operational approach

A Booking system for teachers to reserve the mobile kits.
A Standardized kits (e.g., micro:bit sets, robotics kits, sensors).
A Basic teacher training to ensure confident use.

Added value

Enables broad access and scalability , allowing many students to engage with maker activities
without needing a dedicated space.

3. Dedicated makerspace

At the upper secondary level, schools may establish a full maker space to support more
advanced and sustained projects. This space includes digital fabrication tools, electronics
workstations, and design software.

Implementation characteristics

A Integration into formal courses (e.g., engineering, computer science, design and
technology).

A Long-term student projects (e.g., robotic systems, smart devices, prototypes).

A Preparation for competitions, research projects, or career pathways.

Operational approach

A Structured scheduling (classes, project time, open lab sessions).
A Defined safety protocols and student certification for equipment use.
A Dedicated staff or trained teachers managing the lab.

Added value

Supports deep learning, specialization, and innovation , enabling students to engage in
authentic engineering and design processes.
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4. Pop-up makerspace

In schools with limited resources, a pop-up makerspace provides a flexible and low-cost
solution. Temporary setups are created for specific activities, such as STEM days, thematic
weeks, or pilot lessons.

Implementation characteristics

A Focus on low-cost, high -creativity activites (e.g., cardboard prototyping, simple
circuits, design challenges).

A Often linked to events or short -term initiatives .
A Can involve external facilitators or partnerships.

Operational approach

A Materials prepared in advance and distributed during the session.
A Flexible use of available spaces (classrooms, halls).
A Minimal setup and teardown time.

Added value

Allows schools to experiment with maker education  and build interest before investing in more
permanent solutions.

5. Cross -school or community -linked: Shared maker space

Some schools collaborate with other institutions or community organizations to access a shared
maker space (e.g., municipal fab labs, university labs, innovation hubs).

Implementation characteristics

A Periodic access for specific projects or modules.
A Exposure to advanced tools and expertise  not available in school.
A Opportunities for mentoring and real-world connections.

Operational approach

A Scheduled visits or joint programs.
A Coordination with external partners.
A Preparation activities before, and reflection after, visits.

Added value

Expands learning opportunities and connects students to broader innovation ecosystems

Towards progressive and hybrid approaches

These examples demonstrate that maker spaces can be implemented across diverse educational
contexts, from simple classroom corners to advanced fabrication labs. The key design principle
is alignment between pedagogical goals, available resources, and operational capacity

Rat her than aiming for a single fAi dreges$sive andodel , S
hybrid approaches , starting small (e.g., pop-up or mobile solutions) and evolving toward more
permanent and integrated maker environments as capacity and confidence grow.
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3. Planning a School Makerspace

Planning protects you from the most common cause of an unused maker space, investment
without a clear purpose. This chapter walks you through needs analysis, objectives,
stakeholders, and budget so that what you build is the right thing for your school.

3.1 Needs Analysis and Readiness Assessment

Establishing a school maker space requires a systematic needs analysis and readiness
assessment to ensure that the design, resources, and implementation approach are aligned with
the school's specific context. This phase is critical for avoiding underutilized spaces or
unsustainable investments. Rather than starting from available tools or trends, schools should
begin by examining their educational priorities, structural conditions, and operational capacity.

School context and constraints

The first step is to develop a clear understanding of the school's operational environment . This
includes both enabling factors and constraints that will shape the maker space design.

A Physical infrastructure : availability of rooms, shared spaces (e.g., labs, libraries),
storage capacity, and access to utilities such as electricity, internet connectivity, and
ventilation.

A Timetabling and scheduling structures  : degree of flexibility within the school timetable
to accommodate project-based or interdisciplinary activities.

A Human resources : teachers' expertise, confidence with hands-on or technology-rich
activities, and availability of technical support staff.

A Budgetary conditions : initial funding availability, as well as capacity for ongoing costs
such as consumables, maintenance, and upgrades.

A School culture and leadership support  : openness to innovation, collaboration among
staff, and leadership commitment to integrating maker education into school practices.

At this stage, it is useful to identify constraints explicitly  (e.g., limited space, lack of technical
expertise, rigid curriculum structures). These constraints should not be seen as barriers but as
design parameters that inform the selection of an appropriate maker space model (e.g., mobile
kits instead of a full lab).

A practical approach is to conduct a readiness audit , combining short surveys, staff discussions,
and a review of existing resources. This helps establish a realistic baseline and identify areas
requiring support or professional development.
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Student age groups and curriculum links

A maker space must be pedagogically grounded in the needs of the learners it serves . The
age group of students significantly influences the type of activities, tools, and level of complexity
that the maker space should support.

A In primary education, activities should emphasize exploration, creativity, and basic
problem-solving, using simple materials and intuitive tools.

A In lower secondary education, students can engage in more structured challenges
involving coding, electronics, and robotics.

A In upper secondary education, maker spaces can support advanced projects, including
engineering design, digital fabrication, and interdisciplinary research.
Equally important is the alignment with the school program or formal curriculum. Maker spaces
should not function as isolated innovation hubs but as integrated learning environments  that
enhance subject teaching. Schools should identify:

A Relevant subjects (e.g., science, technology, arts) where maker activities can enrich
learning outcomes.

A Opportunities for project -based or interdisciplinary learning units

A Specific curriculum objectives that can be addressed through hands-on making.

This alignment ensures that the maker space contributes directly to educational goals, increasing
its relevance and sustainability.
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Outcome of the needs analysis
The outcome of this process should be a clear implementation profile that defines:

A The most suitable type of maker space (e.g., corner, mobile, full lab).
A Priority use cases (curricular, extracurricular, pilot activities).

A Required resources and capacity-building needs.

A Constraints and mitigation strategies.

A well-conducted needs analysis provides a strategic foundation for all subsequent decisions,
ensuring that the maker space is not only functional but also meaningful, sustainable, and fully
embedded within the school's educational ecosystem

3.2 Defining Objectives and Use Cases

Once the school's context and readiness have been assessed, the next step is to clearly define
the objectives and use cases of the maker space. This step is critical for ensuring that the
makerspace is not treated as an isolated innovation initiative, but as a purpose-driven learning
environment with explicit educational value. Well-defined objectives guide decisions about space
design, equipment selection, scheduling, and teacher engagement.

At this stage, schools should articulate what the maker space is intended to achieve, for whom,
and under what conditions it will be used. Objectives should be realistic, aligned with school
priorities, and adaptable over time as experience is gained.

Curricular integration

A key objective of school maker spaces is to support and enhance the school curriculum. Maker
activities should be intentionally linked to curriculum goals, rather than functioning as add-ons or
occasional enrichment.

Effective curricular integration can take several forms:

A Subject -specific integration : maker activities are embedded within individual subjects.
Examples: Science (building models, conducting experiments with sensors);
Technology/ICT (programming, robotics, digital fabrication); Arts (design, creative
expression through physical or digital media).

A Interdisciplinary projects : maker spaces enable cross -curricular learning , where
students apply knowledge from multiple subjects to solve real-world problems (e.g.,
designing sustainable solutions, smart devices, or interactive installations).

A Project -based learning (PBL) : teachers can structure learning around extended
projects , where making is the central mode of inquiry. These projects promote deeper
understanding, as students move through cycles of ideation, prototyping, testing, and
refinement.

To support curricular integration, schools should:

A Map maker activities to specific learning outcomes  and competencies.
A Identify entry points within existing curricula
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A Provide teachers with examples of mak er activities and project designs

A Ensure alignment with assessment practices (e.g., portfolios, process-based evaluation).
The goal is to position the maker space as a tool for achieving curriculum objectives more
effectively , particularly in developing higher-order skills such as problem-solving, creativity, and
collaboration.

Extracurricular activities

In addition to supporting the curriculum, maker spaces are highly valuable as platforms for
extracurricular engagement . These activities provide flexibility, allowing students to explore
interests beyond the constraints of the curriculum.

Typical extracurricular use cases include:

A Maker clubs or innovation groups : regular sessions where students work on self-
directed or guided projects, often with a strong emphasis on creativity and
experimentation.

A Competitions and challenges : participation in robotics competitions, engineering
challenges, or hackathons, which motivate students and provide authentic contexts for
applying skills.

A Thematic workshops and events : short-term activities such as STEM days, coding
weeks, or design challenges that engage a broader group of students.

A Student -led projects : opportunities for learners to propose and develop their own ideas,
fostering ownership and entrepreneurial thinking.

Extracurricular activities are particularly important for:

A Extending learning time and depth.

A Engaging students with diverse interests and learning styles.

A Building a school -wide maker culture .
However, they require clear organizational structures, including supervision, scheduling, and
access policies, to ensure safe and equitable participation.

Balancing and aligning use cases

A well-functioning maker space typically combines both curricular and extracurricular uses
creating a balanced ecosystem. Schools should define:

A The primary focus (e.qg., curriculum-driven vs. innovation hub).

A The proportion of time  allocated to each type of activity.

A The target student groups  and levels of access.
Importantly, objectives should remain flexible and iterative . During pilot phases, schools may
start with a limited number of use cases (e.g., one subject integration and one club) and expand
progressively as capacity and confidence grow.
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3.3 Stakeholder Engagement

The successful establishment and long-term sustainability of a school maker space depend
heavily on active stakeholder engagement. Maker spaces are not isolated infrastructures; they
are embedded within the school ecosystem and require coordinated support from multiple actors.
Engaging stakeholders early and continuously helps build shared ownership, alignment of
expectations, and institutional commitment, all of which are essential for effective
implementation, particularly in pilot phases.

This section focuses on three key stakeholder groups: teachers, school leadership, and
parents/community

Teachers

Teachers are the primary agents of implementation in a school maker space. Their level of
engagement, confidence, and pedagogical alignment directly determines how effectively the
space is used. Key considerations for engaging teachers include:

A Early involvement in planning : teachers should participate in defining objectives,
selecting use cases, and shaping the design of the maker space. This ensures that the
space reflects real classroom needs rather than abstract assumptions.

A Professional development and support  : many teachers may feel uncertain about using
new tools or adopting maker-based pedagogies. Structured support is essential, including
hands-on training workshops, ready-to-use lesson plans and activity templates, and
ongoing mentoring or peer support mechanisms.

A Collaborative culture : maker education benefits from interdisciplinary collaboration.
Encouraging teachers from different subjects to co-design and co-teach projects can
significantly enhance the quality and impact of activities.

A Recognition and motivation : acknowledging teacher effort (formal recognition, reduced
workload for coordination roles, or opportunities for professional growth) helps sustain
engagement over time.

Without strong teacher buy-in, even well-equipped maker spaces risk becoming underutilized.
Therefore, teacher engagement should be treated as a central strategic priority , not a
secondary consideration.

School leadership

School leadership plays a critical role in providing the strategic direction, resources, and
institutional support necessary for maker space implementation.
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A Vision and alignment : school leaders must ensure that the maker space aligns with the
school's broader educational goals and development strategy. This includes integrating
maker education into school improvement plans and innovation agendas.

A Resource allocation : leadership is responsible for allocating budgets, approving space
usage, and supporting investments in equipment, maintenance, and professional
development.

A Organizational support : effective implementation often requires adjustments to
timetables (to allow project-based learning), staffing (e.g., assigning coordination roles),
and policies (e.g., access, safety, usage guidelines).

A Creating enabling conditions : leaders foster a culture that encourages experimentation,
collaboration, and innovation. This includes supporting teachers in trying new approaches
and accepting iterative development during pilot phases.

Strong leadership commitment is a key success factor, particularly in ensuring that maker spaces
move beyond isolated initiatives and become embedded in the school's operational practices.

Parents and community

Engaging parents and the wider community extends the impact of the maker space and
contributes to its sustainability. These stakeholders can provide additional resources, expertise,
and real-world connections. Key strategies include:

A Awareness and communication : informing parents about the purpose and benefits of
maker education through demonstration events, open days or exhibitions of student
projects, and regular communication via nhewsletters and school platforms.

A Active involvement : parents and community members can contribute as volunteers
supporting activities, as mentors sharing professional expertise (e.g., engineers,
designers, artists), or as partners in project-based learning initiatives.

A Partnerships with local organizations  : universities, companies, maker communities, or
municipal innovation hubs can provide access to advanced equipment and facilities,
specialized knowledge and training, and opportunities for authentic, real-world projects.

A Resource support : community engagement can also support sustainability through
donations, sponsorships, or shared use of resources.

Outcome of stakeholder engagement

Effective stakeholder engagement results in a shared vision and distributed ownership of the
maker space. It ensures that teachers are confident and motivated to use the space, leadership
provides sustained institutional support, and parents and the community actively contribute to its
development. By building a collaborative ecosystem around the maker space, schools increase
the likelihood of successful implementation, meaningful learning experiences, and long-term
sustainability beyond the initial pilot phase.

3.4 Budget Planning and Resource Allocation

Effective budget planning and resource allocation are essential to ensure that a school maker

space is not only established successfully but also remains operational and sustainable over

time. A common implementation risk is over-investing in equipment without sufficient planning

for usage, maintenance, or pedagogical integration. Therefore, budgeting should be approached
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strategically, aligning financial decisions with defined objectives, use cases, and school
constraints .

Principles of budget planning

A Pedagogy -driven investment : decisions about equipment and materials should be
guided by intended learning outcomes and activities, not by technology trends or
perceived prestige.

A Phased implementation : schools are encouraged to adopt a step-by-step approach,
starting with essential tools and gradually expanding capacity based on actual use and
experience.

A Balance between fixed and recurring costs  : it is critical to distinguish between initial
(capital) costs (equipment, furniture, space adaptation) and recurring costs
(consumables, maintenance, replacements, upgrades).

A Cost-effectiveness and flexibility : prioritize versatile tools and materials that can
support a wide range of activities across subjects and age groups.

Key budget categories

A comprehensive budget plan should account for the following categories.

1. Space preparation and infrastructure

A Minor renovations (if needed).
A Electrical upgrades, internet connectivity.
A Furniture (workbenches, storage units, seating).

2. Equipment and tools

A Digital tools (e.g., 3D printers, laptops, tablets).

A Electronics kits (microcontrollers, sensors).

A Hand tools and prototyping equipment.

A Safety equipment (e.g., goggles, gloves, first aid kits).

3. Materials and consumables

A Craft materials (cardboard, wood, plastics).
A Electronic components.

A Filaments and fabrication materials.

A Replacement parts.

4. Professional development

A Teacher training workshops.
A External expertise or mentoring.
A Time allocation for teacher preparation and collaboration.

5. Maintenance and operations

A Equipment servicing and repairs.
A Software licenses (if applicable).
A Inventory management systems.
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Budget scenarios and scaling

Schools should consider different budget scenarios based on available resources.

Scenario Description

Low -budget Focus on maker corners or mobile kits using affordable, everyday
materials and entry-level tools. Emphasis is placed on creativity
and pedagogy rather than advanced technology.

Medium -budget Combination of basic digital tools (e.g., entry-level 3D printers,
microcontrollers) with structured activity kits and improved
infrastructure.

High -budget Full maker labs with advanced fabrication equipment, dedicated

spaces, and comprehensive toolsets supporting complex projects.

Importantly, all three scenarios can be educationally effective if aligned with clear objectives.
Higher investment does not automatically lead to better learning outcomes.

Resource allocation strategies
Beyond budgeting, schools must plan how resources will be distributed and managed

A Prioritization : allocate resources first to high-impact areas (e.g., teacher training,
essential tools) before expanding to advanced equipment.

A Shared resources : consider models where equipment is shared across classes or
departments (e.g., mobile maker kits) to maximize utilization.

A External funding and partnerships : explore opportunities such as local or national
grants, EU funding programs, and partnerships with industry or community organizations.

A Reuse and sustainability : encourage the use of recycled materials and low-cost
resources to reduce ongoing expenses and promote environmentally responsible
practices.

Financial planning for sustainability

A critical aspect is ensuring that the maker space remains viable beyond initial setup. Schools
should plan for:

A Annual operating budgets  covering consumables and maintenance.
A Replacement cycles for equipment.
A Scalable growth , based on demonstrated use and impact.

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 38



O SELECTING AND
DESIGNING THE

O Q PHYSICAL SPACE



D5.1 GUIDEBOOK SELECTING & DESIGNING THE PHYSICAL SPACE

4. Selecting and Designing the Physical Space

Where and how the space is laid out shapes everything that follows 0 safety, sightlines,
supervision, and the kind of work students can do. This chapter helps you choose, zone, and
equip the space.

4.1 Criteria for Choosing a Suitable Location

The selection of an appropriate physical location is a foundational decision in establishing a
school maker space. The space directly influences how activities are organized, how safely tools
are used, and how accessible the maker experience is to students and teachers. Rather than
seeking an "ideal" room, schools should evaluate available options against a set of practical
criteria, ensuring alignment with pedagogical goals, operational feasibility, and safety
requirements.

Accessibility

Accessibility is a primary consideration, as it determines who can use the maker space, how
often, and under what conditions

A Physical accessibility : the space should be easily reachable by students and staff,
ideally located within frequently used areas of the school (e.g., near classrooms, labs, or
libraries). It should also comply with inclusive design principles , ensuring access for
students with diverse physical needs.

A Timetable accessibility : the location should allow for flexible use across different
classes and time slots. Spaces that are heavily booked for other purposes may limit maker
space availability and reduce impact.

A Supervision and visibility : spaces that allow for easy supervision (e.g., good visibility,
proximity to staff areas) support safer and more effective management, especially when
students work with tools.

A Extended access potential : if extracurricular activities are planned, consider whether
the space can be accessed outside regular class hours without disrupting other school
functions.

A well-located maker space lowers barriers to participation and supports regular, sustained use
which is critical for meaningful learning.

Size and flexibility

The size and layout of the space should accommodate both current needs and potential future
expansion. However, effectiveness depends more on flexibility and organization  than on sheer
size.

A Adequate working space : students should be able to work individually and in groups,
with enough room for movement, collaboration, and safe tool usage.

A Zoning possibilities : even in smaller spaces, it is beneficial to define functional areas
such as prototyping and crafting, electronics and computing, and storage and materials
management.
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A Flexible furniture and layout : movable tables, modular storage, and adaptable seating
enable the space to support different types of activities, from short workshops to extended
projects.

A Scalability : the space should allow for gradual expansion, whether by adding new
equipment, increasing student capacity, or diversifying activities.

Importantly, schools should avoid overestimating their needs. A well -organized small space
can be more effective than a large but poorly structured one.

Infrastructure requirements

Maker spaces require specific infrastructure to function safely and effectively. These
requirements vary depending on the level of equipment but should be considered early in the
planning process.

A Electrical capacity : sufficient power outlets to support multiple devices and tools
simultaneously, with appropriate safety measures (e.g., surge protection).

A Internet connectivity : reliable network access for programming, research, and use of
digital tools or platforms.

A Ventilation and air quality : particularly important if using 3D printers, laser cutters, or
materials that produce fumes. Natural or mechanical ventilation should be assessed.

A Lighting : adequate lighting is essential for precision work, safety, and overall usability of
the space.

A Storage solutions : secure and organized storage for tools, materials, and student
projects helps maintain order and prolong equipment lifespan.

A Safety infrastructure : basic provisions such as fire extinguishers, first aid kits, and
clearly marked safety zones are essential.

In cases where existing infrastructure is limited, schools should consider low -tech or mobile
solutions that reduce these requirements while still supporting meaningful maker activities.

In cases where existing infrastructure is limited, schools should consider low-tech or mobile
solutions that reduce these requirements while still supporting meaningful maker activities.

As the space grows to include more powerful equipment, such as desktop CNC machines or
vacuum formers, additional factors become relevant. Chief among these is acoustic separation
these tools can generate significant noise and may disturb adjacent classrooms if the space is
not well-positioned or suitably scheduled around lessons.
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4.2 Space Layout and Zoning

Once a suitable location has been identified, the next step is to design an effective space layout
and zoning strategy . A well-organized maker space is not defined by its size, but by how clearly
it supports different types of activities through intentional spatial organization . Zoning helps
ensure safety, efficiency, and pedagogical clarity by structuring the environment into functional
areas that align with how students work, interact, and create.

Rather than rigid separation, zones should be clearly defined but flexible , allowing the space
to adapt to different projects and group sizes.

Workstations (digital fabrication, electronics, crafts)

Workstations form the core functional areas of the maker space, where hands-on activities take
place. Depending on the scope of the space, different types of workstations may be included:

A Crafting and prototyping area : dedicated to low-tech making with materials like
cardboard, wood, textiles, and recycled items. Often the most flexible and widely used
zone.

A Crafting and prototyping area: dedicated to low-tech making with materials like
cardboard, wood, textiles, and recycled items. Often the most flexible and widely used
zone. Large tables or tables that can be pushed together are particularly valuable here,
providing generous surface area for layout, assembly, and collaborative work.
Whiteboards, wall-mounted paper rolls, or similar surfaces for sketching and idea
generation are a strong addition to this area, supporting the ideation process as much as
the making itself.

A Digital fabrication area : houses equipment such as 3D printers or small CNC/laser
devices (if available). Position with attention to ventilation, safety, and supervision

A Electronics area : equipped with microcontrollers, sensors, laptops, and basic tools for
circuit building. Requires organized surfaces and access to power.

A Coding area : equipped with laptops. Requires access to power.
Key design principles:
A Provide stable, durable work surfaces
A Ensure clear separation between tool types  to avoid interference or safety risks.
A Allow sufficient space for individual and group work

Even in smaller spaces, combining functions is possible, but clear organization and labeling
are essential.

Storage areas

Effective storage is critical for maintaining a functional, safe, and sustainable maker space
Without proper storage, materials become difficult to manage, tools are lost or damaged, and
valuable time is wasted. Storage solutions should address:

A Tools and equipment : secure storage (e.g., cabinets, lockable units) for valuable or
potentially hazardous tools.
A Consumable materials : clearly labelled bins or shelves for easy access to frequently
used items (e.g., cardboard, wires, components).
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A Student projects : dedicated areas for storing ongoing work to support longer -term
projects and iterative design processes

A Inventory organization : categorized storage with consistent labelling to improve
visibility, reduce loss, and make the space easier to manage over time.

The visibility of tools and materials within the storage areas of a maker space plays an important
pedagogical role beyond simple organization. Open and visually accessible storage systems,
such as transparent containers, labelled shelves, pegboards, and displayed components, can

actively stimulate studentsd <curiosity, creati vi
available materials, electronic parts, mechanisms, craft supplies, or unfinished prototypes, these
objects act as thei,ndvittraitgigoenrsi ntgo scproenat aneous i deas,

connections that may not emerge through verbal instruction alone.

(- TIP ZONE

On structure tool storage

While open and visible storage works well for materials and components that invite
exploration, tools benefit from a more structured approach. Drawer inserts made from
cut-out foam, such as Shadow Foam or Kaizen Foam liners, provide each tool with a
defined place, making it immediately obvious when something is missing, misplaced, or
has not been returned after a session. This visual accountability is particularly valuable
for tools that look similar or are hard to identify at a glance, such as spanners, wrenches,
or socket sets of different sizes. Beyond inventory control, foam-lined drawers resist the
accumulation of dust and unrelated items, keeping tool sets clean and coherent over
time. A further advantage is the ability to create themed or task-specific drawer kits
grouping everything associated with a particular machine or activity together combining
zone control with inventory control in a single, low-effort system.

Figure 4: Storage & Visibility of Tools. Picture retrieved from Vuorikari, R., Ferrari, A. and Punie, Y. (2019)
AfMakerspaces for Education and Trainingo, Joint Research Ce
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Figure 5: Storage & Visibility of Tool s. Picture retrieved
Learning Spaces in Makingo, frontiers in education, VI. 5,

Figure 6: Kaizen Foam Inserts (retrieved from https://bespoketooltrays.com/gallery.html)
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Figure 7: Missing tools can be identified by their pegboard silhouettes

A well-organized and visually rich maker space therefore functions not only as a storage
environment, but also as a pedagogical environment that promotes inspiration, ownership, and
active participation in the making process, contributing directly to efficient workflows, student
autonomy, and responsible use of resources

Collaboration zones

Collaboration zones support the social and cognitive dimensions of maker education , Where
students plan, discuss, reflect, and share their work. These areas may include tables or open
spaces for group discussions and teamwork, whiteboards or display surfaces for brainstorming
and design planning, and presentation areas for sharing outcomes and receiving feedback. Key
characteristics include flexible furniture arrangements, clear visibility for teacher facilitation and

peer interaction, and integration with workstations to allow smooth transitions between planning
and making.
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Collaboration zones reinforce the idea that making is not only a technical activity but also a
collective, communicative process

Design considerations across zones

Safety and flow : ensure safe movement between zones and avoid overcrowding.
Visibility and supervision : maintain clear lines of sight for effective monitoring.
Flexibility : use modular and movable elements to adapt the space as needs evolve.

Clarity : clearly define zones through layout, furniture, or visual cues (labels, colours,
signage).

To I To I

-~ TIP ZONE

Mark zones with masking tape

Before buying any furniture, mark zones with coloured masking tape on the floor. Walk (if
possible) the simulated layout with students for a session/workshop. You will discover
bottlenecks for free.

4.3 Furniture and Ergonomics

The selection of appropriate furniture and attention to ergonomic design are critical for ensuring
that a school maker space is safe, comfortable, and conducive to sustained hands -on
activity . Unlike traditional classrooms, maker spaces involve varied tasks such as designing,
constructing, assembling, coding, crafting, which require flexible and robust furniture solutions
that support different working modes and student needs.

Well-designed furniture contributes not only to physical comfort but also to workflow efficiency,
safety, and inclusivity , directly influencing the quality of learning experiences.

Functional requirements

A Worktables and surfaces : sturdy, resistant to wear, large enough for collaborative work,
and able to accommodate tools, materials, and devices without overcrowding.

A Seating : a mix of seating options (e.g., stools, chairs) is recommended to support both
short-term tasks and longer work sessions. Standing workstations may be appropriate for
active tasks.

A Mobility and modularity : furniture that can be easily moved or reconfigured (e.g., tables
on wheels, modular units) allows the space to adapt to different activities and group sizes.

A Specialized furniture (if applicable) : electronics benches with integrated power supply,
storage-integrated workstations, or computer stations for design and programming.

A Layout and ideation surfaces: large or combinable tables (ideally on wheels) should be
available for spreading out materials, planning, and group work. Whiteboards or paper
scroll dispensers near workstations support on-the-spot sketching and communication
tools that are easy to overlook but consistently used.
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The goal is to create a versatile environment that supports a wide range of maker activities
without constant reorganization.

-~ TIP ZONE

Surface restoration

Unfinished wood tabletops are worth considering given that they are cost-effective and,
crucially, easy to maintain: paint, glue, or finish that accumulates over time can simply be
sanded or scraped away, restoring the surface without replacement.

Ergonomic considerations

Ergonomics focuses on designing the environment to fit the users 8 students of different ages
and physical characteristics. Poor ergonomic design can lead to discomfort, reduced
concentration, and even safety risks.

A Appropriate height and proportions  : tables and seating should match the age group;
adjustable furniture is ideal in spaces used by multiple ages.

A Posture and comfort : seating should support proper posture during tasks such as coding
or detailed assembly work; standing options can reduce fatigue.

A Reach and accessibility : tools and materials should be placed within easy reach to
minimize unnecessary movement and risk of accidents.

A Lighting conditions : adequate and well-distributed lighting is essential for precision
tasks and to reduce eye strain.

A Noise management : consider noise levels generated by tools or group work; soft
materials, zoning, or layout strategies can help mitigate excessive noise.

Safety and durability

A Stable and secure structures: tables and storage units should be stable to prevent
tipping, especially when using tools or equipment.

It is worth noting that many bookshelves and storage units now come with anti-tip
attachments included, in line with government safety regulations so this requirement is
often met out of the box. Any worktables with wheels should importantly have lockable
wheels or wheel brakes. This allows flexibility to move and reconfigure, but also the safety
of a stable work surface.

A Resistant materials : surfaces should withstand cutting, heat, spills, and general wear
from frequent use.

A Rounded edges and safe finishes : minimize sharp edges to reduce injury risk.

A Integration with safety protocols : furniture layout should support safe distances
between workstations and allow clear pathways for movement and emergency access.
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Inclusivity and accessibility
A well-designed makerspace should be inclusive, ensuring all students can participate fully:

0 Adjustable or varied-height furniture to accommodate different users. Manual height
adjustment is often preferable to power-adjustable desks; it avoids extra cost, weight,
maintenance demands, and the loss of power outlets that could be used for tools or

devices.
0 Sufficient space for mobility (e.g., wheelchair access).
0 Flexible configurations that support diverse learning preferences and needs.
0 Noise awareness: some equipment (laser cutters, CNC routers, certain power tools) can

be disruptive or distressing for students sensitive to loud sounds. Consider designating
louder machines to specific areas of the room and, where possible, scheduling their use
during defined time windows rather than throughout the entire session.

4.4 Utilities and Technical Infrastructure

A school maker space relies on a set of core utilities and technical infrastructure that enable
safe, reliable, and effective operation. While the level of infrastructure required depends on
complexity (low-tech corner vs. full lab), certain baseline provisions are essential. Early planning
prevents operational disruptions, safety risks, and costly retrofits. This section focuses on three
critical components: power supply, internet connectivity, and ventilation

Power supply

A reliable and well-distributed power supply is fundamental for supporting tools, devices, and
digital equipment used in maker activities.

A Sufficient number of outlets : workstations should have easy access to power without
relying excessively on extension cords. This reduces clutter and safety hazards.

A Load capacity and distribution : the electrical system must support simultaneous use of
multiple devices (e.g., laptops, 3D printers, soldering irons). Consultation with technical
staff may be required to assess load capacity.

A Safe cable management : cables should be organized and secured to prevent tripping
hazards and equipment damage. Solutions include cable trays, floor covers, or integrated
table outlets.
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Surge protection and safety devices : use of surge protectors and circuit breakers helps
protect equipment and users from electrical faults.

Zoning of power access : different zones (e.g., electronics, fabrication) may have distinct
power needs and should be planned accordingly.

In lower-tech environments, simpler solutions (e.g., limited shared outlets) may suffice, but
regardless the budget or scale, safety and reliability should never be compromised

Internet connectivity

Internet connectivity is a key enabler for many maker activities, particularly those involving
coding, digital design, research, and collaboration.

~

o

O«

Reliable Wi -Fi coverage: the makerspace should have stable and sufficient bandwidth
to support multiple users simultaneously, especially when using cloud-based tools or
platforms. A dual-band router (2.4GHz and 5GHz) is recommended, as some machines,
including certain 3D printers and laser cutters, only support 2.4GHz networks.

A dedicated makerspace network:  where possible, set up a separate Wi-Fi network (or
VLAN) for the makerspace. This makes it easier to manage equipment that relies on
i nternet connectivity, i solate it from
bandwidth conflicts.

Wired over wireless for fixed equipment:  for permanent or semi-permanent machines,
an ethernet connection is generally more reliable than Wi-Fi and reduces network
congestion.

Access to digital tools and platforms: connectivity enables use of online coding
environments, design software, tutorials, and collaborative tools.

Device integration: ensure compatibility between school devices and the network,
including access permissions and security settings.
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Offline alternatives: in contexts with limited connectivity, plan for offline tools and
resources (e.g., locally installed software, downloadable content).

(@]

0 Digital safety and policies: internet use should comply with school policies regarding
safe and responsible use.

Reliable connectivity enhances the makerspace's capacity to support technology-enhanced
learning experiences, but network planning should happen early, ideally before equipment is
purchased or installed and should always be aligned with pedagogical needs.

Ventilation & Air Quality

Ventilation is a critical but often underestimated aspect of maker space design, particularly when
activities involve materials or tools that may produce fumes, heat, or dust .

A Natural ventilation : windows and open airflow can be sufficient for low-intensity activities
(e.g., crafting, basic electronics), provided the space allows for adequate air circulation.
Note that open windows should be part of your closing checklist, an easy security
oversight at the end of a busy session.

A Mechanical ventilation (if needed) : more advanced equipment (e.g., 3D printers, laser
cutters) may require dedicated ventilation systems or air filtration to ensure safe air
quality.

A Material awareness : the choice of materials (e.g., certain plastics, adhesives) should be
aligned with the ventilation capacity of the space to minimize health risks.

A Temperature control : maintaining a comfortable temperature is important for both user
comfort and equipment performance.

A Safety compliance : ventilation should meet relevant health and safety guidelines
applicable to school environments.

In lower-resource settings, prioritizing low -emission tools and materials  can reduce the need
for complex ventilation systems.

-~ TIP ZONE

A low-cost air quality monitor is a worthwhile addition regardless of setting, a small
investment that gives both staff and students real confidence that the space is safe to work
in.
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Figure 8. 3D printing & Ventilation importance. Picture retrieved from https://3dprintingcanada.com/blogs/news/the-

importance-of-ventilation-and-your-3d-printing-
workspace?srsltid=AfmBOopIB8YVynIRXJVcmeklkCODThb4ljpoMZFtm80QljfkulJCtREFa
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5. Equipment, Tools, and Materials

The right equipment is the one your students will actually use. This chapter helps you build a
balanced toolkit from cardboard to microcontrollers and grow it without waste.

5.1 Core Equipment Categories

The selection of equipment, tools, and materials is a central component of any school maker
space. However, effective provisioning is not about acquiring the most advanced technologies,
but about ensuring that resources are aligned with pedagogical goals, student age groups,
and intended activities . A well-balanced maker space typically combines low -tech and high -
tech tools , enabling a wide range of creative and technical projects.

Craft and prototyping tools

Craft and prototyping tools form the foundation of any makerspace, particularly in early stages of
implementation or in lower age groups. These tools support rapid idea development and hands-
on exploration without requiring advanced technical skills.

Typical resources

Basic hand tools (scissors, cutters, screwdrivers, pliers).

Craft materials (cardboard, paper, wood, textiles, recycled items).

Assembly tools (glue guns (incl. dual-temperature ones), tape, fasteners).

Modelling materials (clay and construction kits (e.g., LEGO bricks) for quickly blocking
out shapes, prototyping ideas in three dimensions, or building simple functional jigs before
committing to a final design).

A Measuring and marking tools (rulers, compass, digital caliper, tape measures in metric
and imperial).

Io Io To I

Educational value

A Encourages creativity and experimentation.

A Supports early-stage prototyping and design thinking.

A Accessible to all age groups and low-cost to maintain.
This category is essential in all maker spaces, regardless of scale, as it enables quick iteration
and tangible expression of ideas

Electronics (microcontrollers, sensors)

Electronics introduce students to interactive and programmable systems , enabling them to
create projects that respond to inputs and control outputs.

Typical resources

Microcontrollers (e.g., Arduino, micro:bit).
Sensors (temperature, light, motion, distance).
Actuators (LEDs, motors, buzzers).

Io o To T

Breadboards and wiring components.
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Educational value

A Develops computational thinking and basic programming skills.
A Bridges physical and digital making.
A Enables interdisciplinary projects (e.g., science experiments, smart devices).

Electronics can be introduced progressively, starting with simple plug-and-play systems and
advancing toward more complex circuit design.

Robotics

Robotics combines mechanical construction, electronics, and programming, making it a powerful
domain for integrated STEM learning

Typical resources

A Motors, controllers, sensors and structural components for making DIY robots
A Educational robotics kits (modular systems for building robots).

A Motors, controllers, and structural components.

A Programming interfaces (block-based or text-based).

Educational value

A Promotes problem-solving and systems thinking.

A Encourages teamwork and iterative design.

A Provides engaging, goal-oriented challenges (e.g., navigation tasks, competitions).
Robotics is particularly effective in structured learning activities and extracurricular
programs , where students can work on progressively complex challenges.

Digital fabrication (3D printers, laser cutters)

Digital fabrication tools enable students to design and produce physical objects using digital
models , bridging creativity with engineering and design processes.

Typical resources

A 3D printers.

A Laser cutters/engravers (where feasible).

A Vinyl cutters.

A Computer-aided design (CAD) software.

A Materials such as filament, wood, or acrylic.

Educational value

A Introduces students to digital design and manufacturing processes.
A Supports precision and complex prototyping.
A Encourages iterative design and problem-solving.

Due to cost, safety, and infrastructure requirements, digital fabrication tools are more common in
advanced or well -equipped maker spaces , but entry-level options are increasingly accessible.
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Balancing equipment categories

An effective maker space does not rely on a single category but integrates multiple types of tools
to support diverse learning pathways . Schools should aim for a balanced ecosystem where
craft tools enable rapid prototyping, electronics and robotics introduce interactivity, and digital
fabrication supports precision and advanced design. Importantly, schools should prioritize
versatility and usability  over complexity. Even a modest selection of well-chosen tools can
support rich learning experiences when combined with thoughtful pedagogy.

5.2 Starter Kits for Low -Budget Maker Spaces

For many schools, especially during initial implementation or pilot phases, budget constraints
require a cost -effective and scalable approach to equipping a maker space. Starter kits provide
a practical solution by combining essential tools and materials into manageable, ready  -to-
use sets that support meaningful maker activities without significant financial investment.

A low-budget maker space should not be seen as a limitation, but as an opportunity to emphasize
creativity, resourcefulness, and pedagogical value over technological complexity . Well-
designed starter kits can enable a wide range of learning experiences and serve as a foundation
for future expansion.

Principles for designing starter kits

A Affordability : use low-cost, widely available materials and tools.
A Versatility : ensure kits can support multiple subjects and activity types.

A Ease of use : tools and components should be accessible to both teachers and students
with minimal prior experience.

A Scalability: kits should allow gradual addition of more advanced components over time.
A Safety: prioritize safe, age-appropriate tools and materials.

Starter kits should be designed for classroom use , meaning they are easy to distribute, store,
and reuse.

Core components of low -budget starter kits

1. Craft and prototyping kit
This is the most essential and cost-effective kit, forming the backbone of any maker space.

A Typical contents: cardboard, paper, and recycled materials; scissors, cutters (age-
appropriate), rulers; glue (stick and hot glue where appropriate), tape; string, rubber
bands, simple fasteners.

A Use cases: model building and design challenges; simple engineering projects; creative
storytelling and art-based making.

2. Basic electronics kit
This kit introduces students to fundamental concepts of electricity and circuits

A Typical contents: batteries and holders; LEDSs, resistors, buzzers; breadboards or simple
connectors; wires and switches.
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A Use cases: building simple circuits; exploring cause-and-effect relationships; introductory
STEM activities.

Low-cost alternatives (e.g., paper circuits or snap-together kits) can further reduce complexity
and cost.

3. Introductory microcontroller kit (optional upgrade)

For schools ready to extend into programming, an entry-level microcontroller kit can be included.

A Typical contents: beginner-friendly microcontroller (e.g., micro:bit or Arduino); USB
cables and basic sensors; pre-configured example projects.

A Use cases: simple coding activities; interactive projects (e.qg., light sensors, alarms).

This kit can be introduced gradually and shared among groups to reduce costs.

4. Reusable classroom kit structure

To ensure usability and sustainability, starter kits should be organized into portable and
reusable units .

A Store materials in labelled boxes or containers.

A Prepare kits per group (e.g., 3-5 students).

A Include basic instructions or activity cards.

A Establish routines for distribution, collection, and replenishment.

Implementation strategies

A Classroom -based kits : each classroom has its own set of materials.
A Shared kits : kits are centrally stored and booked by teachers.
A Mobile kits : kits are placed on carts and moved between rooms.

Pedagogical value of low -budget kits

Despite their simplicity, starter kits can support design thinking and iterative processes,
collaboration and teamwork, and problem-solving and creativity. Importantly, they encourage a
mindset where students focus on ideas and solutions rather than tools, which is a core principle
of maker education.
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5.3 Scaling Up: Advanced Equipment Options

As schools gain experience, confidence, and evidence of impact from initial maker space
implementations, they may choose to scale up their infrastructure by introducing more
advanced equipment. This progression should be strategic and needs -driven, building on
established pedagogical practices rather than being technology-led. Advanced tools expand the
range and complexity of projects, enabling deeper engagement with engineering, design, and
digital fabrication processes.

Scaling up does not necessarily mean transforming the space into a high-tech lab; rather, it
involves incrementally enhancing capabilities in alignment with curriculum goals, teacher
expertise, and operational capacity.

Principles for scaling up

A Demonstrated need : equipment should respond to clearly identified learning needs or
project requirements.

A Teacher readiness : staff should have sufficient confidence and training to integrate new
tools effectively into teaching.

A Sustainability : account for maintenance, consumables, and long-term usability.

A Utilization potential : equipment should be used regularly across subjects or activities,
avoiding underuse.

A Safety and infrastructure compatibility ~ : ensure that the physical space can support the
technical and safety requirements of the equipment.

Advanced digital fabrication tools

A Higher-quality 3D printers with multi-material or advanced material capability (e.g. flexible
filaments, engineering-grade materials), enabling more complex and durable outputs.

A Laser cutters/engravers for working with wood, acrylic, and other materials.

A Small CNC machines for subtractive manufacturing.

A Advanced CAD/CAM software for design and production workflows.

Educational impact: precise and complex prototyping, exposure to real-world manufacturing
processes, interdisciplinary projects combining design, engineering, and mathematics.

For schools ready to move beyond a starter setup  , Appendix 5 includes a budgeted medium-
tier build centred on digital fabrication combining a small laser cutter, a vinyl cutter, and a 3D
printer. This configuration represents a realistic and fundable next step, and the budget
breakdown provided there is designed to be used directly in grant applications or internal funding
pitches. If you are planning ahead, building this level of costed detail into your proposal early,
even before funding is secured significantly increases the likelihood of a successful bid.

The medium build described in Appendix 5 is also intentionally modular: schools do not need to
acquire all three tools at once. A phased approach, for example, starting with the 3D printer and
adding the laser cutter in a second funding round, is entirely viable and worth communicating
clearly in any application.
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Advanced electronics and loT systems

A Expanded sensor kits (environmental, biometric, motion tracking).
A Wireless communication modules (Wi-Fi, Bluetooth).
A Internet of Things (loT) platforms.
A Data logging and visualization tools.
Educational impact: data-driven inquiry, real-world applications, smart environments,

monitoring systems, automation, strengthening links between physical computing and digital
technologies.

Advanced robotics platforms

A Programmable robotics platforms with modular expansion.

A Robotic arms or automated systems.

A Competition-level robotics Kkits.

A Integration with Al or machine learning (at advanced levels).
Educational impact: systems thinking and engineering design, teamwork and long-term project
development, pathways to competitions and real-world problem solving.

Specialized tools and equipment

A Soldering stations for electronics work.

A Sewing machines or textile tools for wearable technology projects, including heat presses
for applying transfers and designs to fabric.

A Vinyl cutters or plotters for design and customization.

A Basic woodworking tools (with appropriate safety measures).
Educational impact: expanded range of materials and disciplines, creative and interdisciplinary
applications (e.g., e-textiles, product design).

Operational considerations when scaling up

A Training and certification : teachers and, where appropriate, students should receive
training before using complex tools.

A safety protocols : clear guidelines and supervision, especially for higher-risk equipment.
A Maintenance and technical support : plan for repairs, calibration, and software updates.

A Scheduling and access management : high-value equipment may require controlled
access and booking systems.

5.4 Procurement Strategies

Procurement is a critical step in establishing and sustaining a school maker space. Beyond simply
purchasing equipment, it involves making informed, strategic decisions about how resources are
sourced, selected, and managed over time. Effective procurement ensures that investments are
cost-efficient, pedagogically relevant, and sustainable, while avoiding common pitfalls such as
over-specification, vendor lock-in, or underutilization.
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Cost -effective sourcing

A Prioritize essential over advanced equipment  : begin with core tools that support the
most common and versatile activities.
A Comparative evaluation of suppliers  : obtain multiple quotes and compare warranty and
support services, availability of spare parts, and compatibility with existing tools.
A Educational discounts and bundles : many suppliers offer discounted packages for
schools.
A Phased purchasing : spread procurement over time to test equipment, adjust based on
usage, and manage budget more effectively.
A Shared procurement models : schools within a network or region can purchase
equipment jointly, share high-cost tools, and exchange expertise.
A Local sourcing and reuse : utilize locally available materials and consider repurposing
existing equipment.
Cost-effective sourcing is not about minimizing expenditure at all costs, but about achieving
optimal alignment between cost, usability, and educational value
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Open-source and DIY alternatives

A Open-source hardware platforms : Arduino or micro:bit offer low-cost entry, extensive
online documentation, and flexibility for customization.

A Free and open -source software (FOSS) : for coding, 3D design, simulation, and data
analysis.

A DIY equipment and solutions : schools can build or assemble their own tools (e.g.,
simple prototyping stations, custom storage).

A Reuse and upcycling : using recycled materials reduces costs and promotes
sustainability and creative problem-solving.

A Community knowledge and resources : open-source ecosystems provide tutorials,
design files, and peer support from global maker communities.

These approaches reduce dependency on proprietary systems and empower both teachers and
students to understand, modify, and extend the tools they use.

Balancing procurement approaches

An effective procurement strategy often combines commercial products for reliability, safety, and
ease of use with open-source and DIY solutions for flexibility, cost reduction, and deeper learning
opportunities. Schools should aim for a balanced ecosystem that supports both structured
activities and creative experimentation.
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Ask for an education quote in writing

Many suppliers have unadvertised education pricing. Email three suppliers with your
shopping list, the school stamp, and a request for a written education quote. The difference
can be 10-30 % depending on the order size.

5.5 Inventory Management

Effective inventory management is essential for ensuring that a school makerspace remains
organized, functional, and sustainable over time. Without clear systems for tracking tools,
materials, and equipment, maker spaces can quickly become disordered, leading to loss of
resources, inefficient use, and safety risks. A structured approach to inventory management
supports smooth operation, accountability, and long-term cost control.

Inventory management should be understood not as a purely administrative task, but as an
integral part of the learning environment , promoting responsibility and autonomy among both
teachers and students.

Establishing an inventory system

A Categorization of items : group inventory into logical categories: tools and equipment;
electronics components; consumable materials; safety equipment.

A Labelling and identification : printed labels or colour coding, numbering systems for
tools and kits, transparent storage to improve visibility.

A Inventory records : maintain a central record (digital or physical) that includes item
descriptions and quantities, storage locations, and usage status and condition.
Digital tools (e.g., spreadsheets or simple inventory apps) can streamline tracking, but even low-
tech systems can be effective if applied consistently.

Storage and organization practices

A Dedicated storage zones : align storage with activity zones (e.g., electronics
components near electronics workstations).

A Accessible but controlled storage : frequently used materials easily accessible;
valuable or hazardous tools stored securely.

A Modular storage solutions : bins, drawers, and containers that can be reconfigured as
needs evolve.

A Visual organization : clear labeling and consistent placement help users quickly locate
and return items, reducing time loss and confusion.

Tracking usage and consumption

A Check-in/check -out systems : tools and kits logged when borrowed and returned, either
formally or through simple tracking sheets.

A Consumables monitoring : regularly track use of materials (e.g., filament, electronic
components, craft supplies) to anticipate replenishment needs.
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A Usage patterns analysis : identifying frequently used or underutilized items helps inform
procurement and space design decisions.

Maintenance and lifecycle management

A Regular inspection : periodically check tools for wear, damage, or malfunction.

A Maintenance schedules : routines for cleaning, calibration, or servicing equipment.

A Repair and replacement planning : decide whether items should be repaired, replaced,
or retired based on cost and usability.

A End-of-life management : safely dispose of or recycle unusable materials and
components.

Student involvement and responsibility

Maker spaces offer an opportunity to involve students in managing shared resources, reinforcing
responsibility and ownership but also contributing to the development of organizational and
collaborative skills. Good practices to put forward:

A Assign roles (e.g., material managers, tool coordinators).
A Teach routines for tool use, return, and cleanup.
A Encourage accountability through clear expectations.
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6. Safety Guidelines and Risk Management

A makerspace is a place where students use real tools to make real things. Safety is not
paperwork; it is the precondition for everything you want students to achieve. This chapter covers
general principles, tool-specific protocols, induction and supervision practices, emergency
procedures, and the legal context in which they all sit.

Not all of it will be equally relevant to you. Safety in a makerspace has two distinct layers. The
first belongs to every teacher in the room: knowing the rules, running induction, supervising tool
use, and responding when something goes wrong. The second belongs to whoever holds
coordinator and/or administrator responsibility for the space, writing policies, managing
compliance, and protecting the institution

If you are a classroom teacher, Sections 6.1 and 6.4 are the core of what you need 0 safety
culture, induction, and the daily reality of supervision. Section 6.2 goes deeper into equipment
standards and technical specifications, and sits more naturally with the makerspace coordinator
or technician (someone with hands-on technical expertise). Sections 6.3, 6.5, and 6.6 belong to
both audiences: teachers need to understand tool protocols, their duty of care, data protection
obligations, and how to respond to an incident, while coordinators own the compliance systems
and reporting structures behind them.

How to read this chapter

Who is it for #Section What it covers

Every teacher Sections 6.1, | Safety culture, induction, classroom activities,
6.3, and 6.4 supervision

Makerspace Section 6.2 Equipment standards and technical specifications

coordinator/

technician

Both Sections 6.3, | Tool protocols, classroom activities, emergency
6.5 and 6.6 procedures, incident reporting, legal awareness,

duty of care, data protection
Everyone The Watch-outs and Key Takeaways throughout
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6.1 General Safety Principles

Safety is a fundamental requirement for the effective operation of a school maker space. Given
the diversity of tools, materials, and activities involved, schools must establish a proactive and
systematic approach to risk management . The goal is not to eliminate all risk, since making
inherently involves experimentation but to ensure that risks are identified, understood, and
managed appropriately within a structured framework.

General safety principles provide the foundation upon which more specific protocols (e.g., tool-
specific guidelines) are built. These principles should be consistently applied, clearly
communicated, and embedded in daily practice

1. Safety as a shared responsibility

Safety in a maker space is a collective responsibility  involving teachers, students, and school
leadership.

A Teachers are responsible for planning safe activities, supervising use, and enforcing
rules.

A Students are responsible for following instructions, using tools appropriately, and
reporting issues
A The school ensures that infrastructure, policies, and resources  support safe operation.

Establishing a shared safety culture promotes awareness, accountability, and mutual respect.

2. Risk awareness and prevention
A key principle is to anticipate and minimize risks before activities begin

A Conduct basic risk assessments  for activities, especially when introducing new tools or
materials.

A Identify potential hazards (e.g., sharp tools, heat sources, electrical components).
A Adapt activities to the age and experience level of students.

Preventive planning reduces the likelihood of accidents and supports confident participation.

3. Clear rules and procedures
Maker spaces should operate under clearly defined and visible safety rules

A Establish simple, consistent guidelines (e.g., proper tool use, no running, safe handling
of materials).

A Display safety rules prominently in the space.
A Provide step-by-step procedures for common activities.

Rules should be understandable, age -appropriate, and regularly reinforced

4. Training and induction

All users of the maker space should receive basic safety training before engaging in activities.
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A Introduce students to the space, tools, and rules through structured induction sessions.
A Demonstrate correct tool usage and safety practices.
A Ensure that students understand what to do in case of an issue or emergency

For more advanced equipment, additional training or certification may be required.

5. Supervision and appropriate use
Adequate supervision is essential, particularly when students are using tools or equipment.

A Maintain appropriate teacher -to-student ratios , depending on activity complexity.
A Ensure that students only use tools appropriate to their age and skill level
A Restrict access to certain equipment unless supervision or training requirements are met.

Supervision should be active and attentive , not merely present.

6. Safe working environment

Keep work areas clean and organized to prevent accidents.
Ensure clear pathways and avoid overcrowding.

Store tools and materials properly after use.

Allocate time in sessions for cleanup/tidy up

Use appropriate Personal Protective Equipment (PPE)  where necessary (e.g., goggles,
gloves).

To To To To I»

A well-maintained environment reduces both physical risks and cognitive overload.

7. Emergency preparedness
Maker spaces must be prepared to respond effectively to incidents.

A Provide access to basic safety equipment (e.g., first aid kit, fire extinguisher).
A Clearly mark emergency exits and procedures.

A Ensure that teachers and staff know how to respond to common incidents (e.g., minor
injuries, equipment malfunction).

Students should also be familiar with basic emergency procedures appropriate to their age.

8. Continuous review and improvement

A Regularly review safety procedures and update them as needed.
A Reflect on incidents or near-misses to improve practices.
A Encourage feedback from teachers and students.

This iterative approach ensures that safety practices evolve alongside the maker space.

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 67



D5.1 GUIDEBOOK SAFETY, GUIDELINES & RISK MANAGEMENT

6.2 Tool-Specific Safety Protocols

While general safety principles provide the foundation for a safe maker space, effective risk
management requires tool -specific safety protocols . Different tools and technologies introduce
distinct types of hazards (mechanical, electrical, thermal, or chemical) and therefore require
targeted guidelines for safe use.

These protocols should be clearly defined, consistently applied, and adapted to the age,
experience level, and supervision conditions of students. Importantly, tool-specific safety is not
only about restriction, but about enabling safe participation through structured guidance and
training.

1. Hand tools and craft equipment
Typical tools: scissors, cutters, screwdrivers, pliers, glue guns.
Main risks: cuts and punctures; burns (e.g., hot glue guns); improper handling or misuse.

Safety protocols:

Use age-appropriate tools (e.g., safety scissors for younger students).
Provide clear instructions on correct handling and posture

Always cut away from the body and use cutting mats where appropriate.
Supervise the use of heated tools (e.g., glue guns).

Store tools safely after use. In shared or open-access environments, it is good practice to
account for bladed tools at the end of each session.

To Bo Do Do Do

These tools are generally low-risk but require habit -building and consistent routines

2. Electronics and soldering
Typical tools: breadboards, wires, batteries, soldering irons.

Main risks: burns from soldering irons; short circuits or overheating; exposure to fumes (during
soldering).

Safety protocols:

A Use low -voltage systems suitable for educational settings.
A Provide step-by-step guidance for circuit assembly.

A Ensure soldering is conducted under supervision, with appropriate ventilation, and using
heat-resistant mats and stands.

A Avoid direct contact with heated components.
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A Turn off power sources when assembling or modifying circuits.

Students should understand basic electrical safety concepts before engaging in more advanced
activities.

3. Robotics and mechanical systems
Typical tools: motors, gears, moving parts, robotic kits.

Main risks: pinching or entanglement in moving parts; mechanical instability or structural failure;
misuse of powered components.

Safety protocols:

Ensure proper assembly before activating systems.

Keep hands and loose clothing away from moving parts.

Tie back long hair and remove jewellery before operating any rotating machinery.
Use low-power motors for educational activities.

Test systems in controlled conditions (e.g., designated areas).

Supervise initial use and troubleshooting.

To To To o Do I»

Clear boundaries and structured testing procedures reduce risks significantly.

4. Digital fabrication tools
Typical tools: 3D printers, laser cutters, CNC machines.

Main risks: burns (heated components); eye or skin exposure (e.g., laser systems); fumes or
particulate emissions; mechanical movement hazards.

Safety protocols:

A Restrict access to trained users or supervised sessions.
A Provide mandatory training or certification ~ before use.

A Ensure proper ventilation and use of protective enclosures (e.g., closed 3D printers, laser
covers).

A Never leave machines unattended during operation.

A Follow manufacturer guidelines for materials and operation; only use verified, laser-safe
materials. Unknown or unlabeled materials (e.g., certain vinyls/PVC) can release toxic
fumes or ignite when used in laser-cutters.

These tools require higher levels of control and supervision due to their complexity.

5. Power tools and advanced equipment (if applicable)
Typical tools: drills, saws, sanding tools.

Main risks: serious injury from cutting or rotating parts; noise and vibration exposure; dust and
debris.

Safety protocols:

A Limit use to older students and trained users only
A Require appropriate PPE (e.g., goggles).
A Ensure strict supervision at all times
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A Maintain safe distances between users.
A Use tools only for their intended purpose.

In many school contexts, the use of such tools may be restricted or carefully controlled.

6. Chemical materials and substances (if applicable)

Typical materials: adhesives, paints, solvents.

Main risks: skin or eye irritation; inhalation of fumes; improper storage or mixing.
Safety protocols:

A Use non-toxic, school -appropriate materials whenever possible.
A Ensure proper ventilation.

A Provide clear instructions for handling and disposal.

A Store materials in labelled containers.
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Cross -cutting practices

A Demonstration before use : teachers model correct and safe operation where needed.
A Clear usage rules : simple, visible instructions near workstations.

A Supervised access : especially for higher-risk tools.

A Routine checks : ensure tools are in good condition before use.

6.3 Student Training and Safety Induction

Before students begin working in a maker space, it is essential to provide structured training and
safety induction. This process ensures that all users understand how to work safely, use tools
correctly, and take responsibility for their actions. A well-designed induction is not a one-time
formality, but a foundational learning experience that shapes behavior, builds confidence, and
establishes a strong safety culture.

Purpose of safety induction
The primary goal of safety induction is to ensure that students:

A Understand the rules and expectations of the maker space.
A Recognize potential risks associated with tools and materials.
A Learn correct procedures for safe and responsible use.

A Know how to respond in case of incidents or emergencies.

At the same time, induction helps reduce anxiety and uncertainty, enabling students to engage
more confidently in hands-on activities.

Structure of an induction program

An effective induction program should be structured, age-appropriate, and practical, combining
explanation with demonstration and active participation.
1. Introduction to the maker space

A Purpose and types of activities.
A Overview of different zones (e.g., workstations, storage, collaboration areas).
A Expected behavior and general rules.

2. Safety rules and procedures
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A Core safety principles (e.g., no running or horseplay, proper tool handling, respect for
others).

A Use of personal protective equipment (PPE), where applicable.
A Clean-up and organization routines.

Rules should be presented clearly and reinforced through examples.

3. Tool demonstrations

A Step-by-step demonstration of how to use basic tools safely.
A Explanation of common mistakes and how to avoid them.
A Opportunity for students to observe before attempting use.

For more advanced tools, induction may be divided into progressive levels

4. Hands -on practice

A Where needed, guided activities to help students practice using tools under supervision.
A Simple tasks designed to build familiarity and confidence.
A Immediate feedback from the teacher.

This phase is critical for translating knowledge into safe behavior .

5. Emergency procedures

A What to do in case of minor injuries or accidents.
A How to alert the teacher or stop an activity safely.
A Awareness of safety equipment (e.g., first aid kit, emergency exits).

Differentiation by age and experience

A Younger students (primary level) : focus on simple rules, visual cues, and guided
routines.

A Older students (secondary level) :include deeper explanations of risks, responsibilities,
and tool-specific protocols.

A Advanced users : may require additional training for specific equipment (e.g., digital
fabrication tools).

A progressive model allows students to gain access to more complex tools as their competence
increases.

Reinforcement and continuous training
Safety induction should not be treated as a one-time event. Ongoing reinforcement is essential:

A Regular reminders of rules and expectations.
A Brief refreshers before introducing new tools or activities.
A Reflection on incidents or near-misses as learning opportunities.

Teachers should integrate safety into daily practice, ensuring it becomes a routine aspect of
making .
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Student responsibility and ownership

An important outcome of training is fostering a sense of responsibility and ownership  among
students. Strategies include:

A Involving students in defining or reviewing safety rules.
A Assigning roles (e.g., safety monitor, equipment manager).
A Encouraging peer support and accountability.
This approach helps move from externally enforced rules to internally motivated safe behavior

Documentation and validation
Schools may choose to formalize the induction process through:

A Checklists of competencies.
A Student agreements or safety contracts.
A Simple certification systems for tool use.

This ensures consistency and provides a record of student readiness.
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Classroom activity: ASpot the Risksb©o

This worksheet helps students develop the ability to identify, classify, and mitigate risks in a
STEM maker space using systematic safety thinking. It can be used as part of induction or as a
periodic refresher.
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Figure 2 Spot the Risks picture

Part 1: Observation (individual)
Show an illustration or photo of a maker space with deliberate hazards. Students:

A Circle or annotate directly on the image: unsafe behaviors, unsafe conditions, missing
safety measures.
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A In atable, list each risk: what is happening, and why is it risky?

Part 2: Classifying hazards (team)

Work in small groups (3-4 students). Compare findings and classify each risk using the
aforementioned categories:

Hazard type Description and example

Electrical Risk of shock, overload, damaged wiring e.g., exposed cables.
Mechanical Moving parts, sharp tools e.g., cutting tools.

Thermal Heat sources, burns e.g., soldering iron.

Chemical Liquids, fumes, dust e.g., solvents.

Ergonomic Poor posture, repetitive strain e.g., awkward seating.
Organizational Clutter, poor layout e.g., messy workspace.

Then complete a "Risk Hazard type Justification " table per identified risk.

Part 3: Reflection (class discussion)

Which risks were hardest to identify ? Why?

Were there risks that seemed O6normal &6 but are
How does teamwork affect safety in a maker space?

What is the teacher's role in preventing accidents?

To o Io T

Q- TIP ZONE

Run ASpot the Riskso twice a year

Once at the start of the year (induction), and once mid-year. Misuse patterns evolve as
confidence grows; the second pass usually surfaces issues that did not exist in
September (the start of the year).
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6.4 Supervision and Responsibility

Effective supervision and clearly defined responsibility structures are essential for maintaining a
safe, orderly, and productive maker space environment . Given the hands-on, exploratory
nature of maker activities often involving tools, equipment, and collaborative work, schools must
ensure that appropriate levels of oversight and accountability are consistently in place.

Supervision is not limited to monitoring behavior; it also involves guiding learning, anticipating
risks, and supporting safe practices . At the same time, responsibility should be progressively
shared with students to foster independence and ownership.

Role of the teacher

Teachers are the primary supervisors in the maker space and hold overall responsibility for
safety and activity management. Key responsibilities include:

A Planning safe activities : designing tasks that match students' age, skill level, and
available tools, while minimizing unnecessary risks.

A Active supervision : continuous awareness of student activity, especially during tool use;
circulating within the space; monitoring high-risk zones more closely; intervening promptly
when unsafe behavior is observed.

A Demonstrating correct practices : modeling safe tool use and reinforcing procedures
through example.

A Managing access to equipment : ensuring that only trained or authorized students use
specific tools, particularly advanced equipment.

A Responding to incidents : taking immediate and appropriate action in case of accidents,
malfunctions, or unsafe conditions.

Effective supervision requires situational awareness, anticipation, and responsiveness ,
rather than passive observation.
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Supervision ratios and conditions

The level of supervision required depends on several factors:

A Age of students : younger students require closer and more direct supervision.

A Complexity of activities : activities involving advanced tools or multiple simultaneous
processes require increased oversight.

A Number of students : larger groups may necessitate additional support (e.g., co-
teachers, assistants).

A Type of equipment used : high-risk tools (e.g., digital fabrication machines, power tools)
require stricter supervision protocols.
Schools should define appropriate supervision ratios and conditions , ensuring that teachers
are not overwhelmed and can maintain effective control of the environment.

Student responsibility and gradual autonomy

A Following rules and procedures : students are expected to adhere to established safety
guidelines and use tools appropriately.

A Respecting shared resources : proper handling, storage, and care of tools and
materials.

A Peer awareness : being mindful of others' safety and avoiding disruptive or risky behavior.
A Reporting issues : promptly informing the teacher about hazards, damage, or incidents.

Responsibility can be developed progressively.

0 Initial stages: close supervision with guided participation where required.
0 Intermediate stages: shared responsibility with structured autonomy.
0 Advanced stages: greater independence for trained and experienced students.

Defined roles and responsibilities
To support effective management, it is useful to establish clear roles within the maker space

A Teacher/facilitator : overall supervision.

A Studentroles (rotational or assigned): equipment manager, materials coordinator, safety
monitor.

These roles help distribute responsibility and promote a collaborative and accountable
environment .

Access control and usage policies
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Supervision is closely linked to how access to the maker space is managed. Schools should
define:

A Who can use the space and when (e.g., scheduled classes, supervised open sessions).
A Conditions for tool use  (e.qg., training required, supervision level).
A Restrictions for certain equipment

Clear policies ensure that access is safe, equitable, and well -organized .

Balancing safety and autonomy

An important challenge is balancing risk management with meaningful student autonomy
Overly restrictive supervision can limit creativity and engagement, while insufficient supervision
increases risk. Effective practice involves:

A Allowing students to make decisions and learn from experience.
A Providing structured boundaries and guidance.
A Gradually increasing autonomy as competence develops.

This balance supports both safe operation and authentic learning.

6.5 Emergency Procedures and Incident Reporting

Even with strong preventive measures, schools must be prepared to respond effectively to
incidents and emergencies in the maker space. Clear procedures and reporting systems
ensure that situations are handled quickly, safely, and consistently , minimizing harm and
supporting continuous improvement.

Emergency preparedness is not only about reacting to incidents, but also about ensuring that all
users know what to do, who is responsible, and how to communicate in critical situations. A
logbook for recording all injuries, should be standard practice. If an incident isn't logged, it can
not inform future safety improvements. Noteworthy, patterns in near-misses or recurring issues
only become visible when they are written down consistently.

1. Types of incidents in maker spaces

A Minor injuries (e.g., small cuts, burns, splinters).

A Equipment -related incidents (e.g., malfunction, overheating, electrical issues).
A Environmental hazards (e.g., spills, smoke, poor ventilation).

A Behavioral or procedural breaches  (e.g., unsafe tool use).

Understanding these categories helps schools prepare appropriate responses and protocols

2. Emergency equipment and preparedness
Maker spaces should be equipped with essential emergency resources , including:
A First aid kit (regularly checked and replenished).

A Fire extinguisher (appropriate type for electrical or material fires).
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Fire blanket

A

A Eye wash station (often required where chemical such as IPA are used)

A AED (automated external defibrillator), particularly if the makerspace is isolated or far
from one.

A Emergency contact information displayed clearly (security, fire, medical).
A Clearly marked exits and evacuation routes, with appropriate signage.

Teachers and staff should be familiar with the location and use of all safety equipment

3. Post-incident review and learning

After an incident, it is important to conduct a brief review to identify causes and prevent
recurrence. This may involve:

A Documenting the incident using an incident reporting template (consider developing one
if your organisation doesn't already have one).

A Reflecting on what happened and why.
A Identifying gaps in procedures or training.
A Adjusting rules, supervision, or equipment use.

Where appropriate, incidents can be used as learning opportunities , helping students
understand the importance of safety and responsibility.

6.6 Legal and Policy Considerations

The operation of a school maker space must align with relevant legal frameworks and
institutional policies to ensure compliance, accountability, and protection for students, staff,
and the school as an organization. While maker spaces encourage experimentation and hands-
on learning, they must function within clearly defined regulatory and ethical boundaries

1. Health and safety regulations

Maker spaces must comply with national and local health and safety legislation applicable to
school environments. Key considerations include:

A Adherence to occupational health and safety standards (even within educational
settings).

A safe installation and use of equipment.

A Regular risk assessments and documentation.

A Maintain a library of Safety Data Sheets (SDS) for materials used in the space, (especially
chemicals, laser materials, 3D printing filaments/resins and adhesives),typically available
from the manufacturer or supplier.

A Compliance with fire safety and emergency regulations.

Schools should ensure that maker space practices are consistent with existing school -wide
safety policies and any applicable legal requirements.

2. Duty of care and liability

Schools and teachers have a legal obligation to ensure the well -being and safety of students
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A Providing adequate supervision during all maker activities.
A Ensuring that tools and equipment are appropriate for student age and skill level
A Implementing and enforcing clear safety procedures

3. Data protection and digital safety

Makerspaces often involve the use of digital tools, online platforms, and connected devices ,
which introduces considerations related to data protection:

A Compliance with regulations such as GDPR (in EU contexts) regarding the collection and
use of personal data.

A Ensuring safe use of online platforms and tools.
A Protecting student privacy when sharing projects or data.

Schools should follow established digital safety and data protection policies and ensure that
students are aware of responsible digital practices.

4. Intellectual property and licensing

Maker activities may involve the creation, sharing, and modification of designs, code, and digital
content. Key considerations include:

A Understanding intellectual property (IP) rights  related to student-created work.

A Respecting licenses for open-source or third-party materials (e.g., Creative Commons
licenses, which specify whether attribution, non-commercial use, or share-alike terms
apply).

A Encouraging ethical use and attribution of resources.

A Setting a clear policy on what types of designs are appropriate to fabricate, including
realistic prop or replica items.

Schools may also define policies regarding ownership and sharing of student projects
particularly in collaborative or externally supported initiatives.

5. Inclusion, equity, and ethical considerations

A Ensuring that all students have fair opportunities to use the space.
A Avoiding bias in access to tools, activities, or support.
A Designing activities that are inclusive of diverse abilities and backgrounds.

Ethical considerations also include fostering a respectful environment where collaboration and
creativity are encouraged.
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7. Organising and Operating the Makerspace

Once the space exists and is safe, the next question is how it actually runs week after week. This
chapter covers access models, classroom integration, resource policies, documentation,
maintenance, and consumables; the operational backbone.

7.1 Access and Scheduling Models

Effective organisation of access and scheduling is essential for ensuring that a maker space is
well -utilized, inclusive, and manageable . Without clear structures, even well-equipped spaces
can become underused, overcrowded, or difficult to coordinate. Schools should establish
transparent and flexible scheduling models that align with their educational objectives,
available resources, and staff capacity.

Two common and complementary models are timetabled use and open lab sessions .

Timetabled use

Timetabled use refers to the integration of the maker space into the formal school schedule
where specific classes or subjects are allocated dedicated time slots.

Key characteristics:

A Planned and structured sessions linked to curriculum objectives
A Supervised by a teacher responsible for the class.
A Activities aligned with project-based learning units.

Advantages:

A Ensures regular and equitable access for students.
A Facilitates curricular integration  and alignment with learning outcomes.
A Easier to manage in terms of supervision and preparation.

Implementation considerations:

A Coordinate scheduling across departments to avoid conflicts.
A Allow sufficient time blocks for meaningful maker activities (often longer than traditional
lessons).
A Ensure preparation time for setup and cleanup.
Timetabled use is particularly effective for embedding maker education into core teaching
practices , ensuring that all students benefit from the space.

Open lab sessions

Open lab sessions provide flexible access to the maker space outside formal class time,
typically for extracurricular activities or self-directed projects.

Typical formats: after-school maker clubs; lunch-time sessions; designated "open hours" during
the school day.

Advantages:

A Encourages creativity, autonomy, and exploration
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A Supports extended and long -term projects .
A Engages students with diverse interests and skill levels.

Implementation considerations:

A Define clear access rules and supervision requirements.

A Manage group size to ensure safety and effective support.

A Provide guidance while allowing students freedom to explore.
Open lab sessions are particularly valuable for building a maker culture within the school and
supporting motivated learners.

Balancing access models

Most schools benefit from a hybrid approach , combining both timetabled and open access
models. Key decisions include:

A Allocating a baseline of timetabled access for all students.
A Offering additional opportunities  through open sessions.
A Defining priorities if demand exceeds capacity.

Schools should also consider booking systems for teachers and groups, clear communication of
schedules and availability, and flexibility to adjust based on experience and feedback.

-~ TIP ZONE

Build the booking system from day one

Even if it is a sheet on the door, run a simple booking system from the first week.
Retrofitting one after conflicts have already happened is much harder than starting with a
transparent rule.

7.2 Classroom Integration Strategies

For a maker space to have meaningful educational impact, it must be systematically integrated
into classroom practice , rather than used as an occasional or peripheral activity. Effective
integration ensures that making becomes a method for achieving learning objectives
supporting deeper understanding, skill development, and student engagement.

Aligning maker activities with learning objectives

The starting point for classroom integration is identifying how maker activities can support
specific curriculum goals . Key approaches include:

A Map maker activities to learning outcomes (e.g., scientific concepts, mathematical
reasoning, design skills).

A Use making as a way to support and demonstrate understanding , rather than as an add-
on activity.

A Design tasks where students apply knowledge in practical, real -world contexts .
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This alignment ensures that the maker space contributes directly to academic achievement and
competency development

Project -Based Learning (PBL)

Makerspaces are particularly well-suited for project -based learning , a student-centered
pedagogical approach in which learners acquire knowledge, skills, and competencies by actively
engaging in real-world, and personally meaningful projects that involves inquiry, design, and
creation. In PBL:

A Students work on authentic problems or challenges

A Learning is structured around a design process (e.g., ideation, prototyping, testing,
iteration).

A Outcomes are often tangible artifacts or solutions to real  -world problems .

Examples: designing solutions to environmental problems (e.g., a solar-powered smart home, a
rainwater harvesting prototype for school gardens); building interactive models in technology
(e.g., robotic vehicles powered by image or voice recognition; programming smart traffic light
systems using microcontrollers); creating artistic or multimedia installations (e.g., for exploring
social justice themes or public health topics).

Interdisciplinary learning

Maker activities naturally support cross -curricular integration , bringing together concepts and
skills from multiple subjects. Strategies include:

0 Designing projects that combine STEM and Arts (STEAM)
0 Coordinating between teachers to develop shared themes or challenges
0 Using real-world problems that require multidisciplinary approaches
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Scaffolded learning and differentiation

Maker activities should be designed to accommodate diverse student abilities and experience
levels . Key strategies:

0 Provide structured guidance for beginners (e.g., worksheets, templates, step-by-step
instructions where necessary, for instance how to use a complex tool) to avoid frustration
and disappointment

0 Gradually decrease guidance and increase autonomy as students gain confidence

0 Offer open-ended projects after initial familiarisation with necessary tools and
procedures

Differentiation ensures that all students can participate meaningfully and progress at an
appropriate pace.

Integrating reflection and documentation

Learning in makerspaces is not only about the final product, but also about the process of
creation . Teachers should incorporate:

A Reflection activities (e.g., discussions, diaries, presentations).

A Documentation of the design process (e.g., sketches, screenshots, photos, logs).

A Opportunities for students to explain their thinking and decisions
This supports metacognition and helps students articulate what they have learned or achieved.
Notably, these reflective practices are also valuable assessment tools and feed directly into the
approaches described below.

Assessment approaches

Assessment in maker-based learning should reflect both process and outcomes . Possible
approaches include:

A Formative assessment during project development.

A Evaluation of final artifacts based on defined criteria.

A Use of rubrics that include creativity, problem-solving, and collaboration.
A Portfolio-based assessment documenting student progress over time.

Assessment should be aligned with learning objectives and emphasize growth and
understanding .

Teacher collaboration

Successful integration often requires collaboration among teachers. Key practices include:

A Joint planning of interdisciplinary projects.
A Sharing resources and experiences.
A Co-facilitating sessions in the maker space.

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 86



D5.1 GUIDEBOOK ORGANIZING & OPERATING THE MAKERSPACE

Collaboration enhances both the quality of activities and teacher confidence.

Starting small and scaling gradually

Schools are encouraged to begin with manageable integration strategies , such as a single
project within one subject or short maker-based activities linked to/ or pointing to specific lessons.
As experience grows, integration can expand to multiple subjects, longer-term projects, open
projects and whole-school initiatives.

7.3 Resource Allocation and Usage Policies

To ensure that a maker space operates efficiently, safely, and equitably, schools must establish
clear resource allocation and usage policies . These policies define how tools, materials, time,
and space are distributed and used, helping to prevent conflicts, reduce waste, and maintain a
productive learning environment. Well-designed policies provide structure without limiting
creativity , enabling both teachers and students to work confidently within agreed boundaries.

Principles of resource allocation
Resource allocation should be guided by the following principles:
A Equity of access : all students and teachers should have fair opportunities to use the
maker space and its resources, regardless of subject or class.
A Transparency : rules for accessing tools, materials, and time slots should be clearly
communicated and consistently applied.

A Efficiency: resources should be used in a way that maximizes their educational value
and minimizes idle time or waste.

A Sustainability : consumption of materials and use of equipment should be managed to
ensure long-term availability.

Allocation of time and space

Effective use of the maker space requires clear policies for scheduling and access.Key
approaches include:

A Booking systems : teachers reserve the space or specific equipment in advance to avoid
conflicts.

A Priority rules : schools may define priorities (e.g., curriculum-related use vs.
extracurricular activities) when demand is high.

A Time limits : for shared or high-demand resources, time allocations may be necessary to
ensure broader access.

A Zoning access : different groups may use specific zones simultaneously, depending on
activities and supervision capacity.
Allocation of equipment and tools

Tools and equipment must be managed to ensure safe and appropriate use . Key policies
towards this direction include:
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A Access levels : define which users can access specific tools based on training, age, or
experience.

A Check-out systems : tools may be signed out and returned, ensuring accountability and
traceability.

A Shared vs. dedicated use : some tools may be assigned to specific groups during
sessions, while others remain shared.

A Usage guidelines : clear instructions on proper use, handling, and storage of tools.

Management of materials and consumables

Consumable materials require careful management to avoid shortages and unnecessary costs.
Key strategies:

A Controlled distribution : provide materials per group or project rather than unrestricted
access.

A Usage guidelines : encourage efficient use and discourage waste (e.g., planning before
cutting materials).

A Recycling and reuse : promote the use of leftover materials and sustainable practices.

A Monitoring consumption : track usage patterns to inform restocking and budgeting
decisions.

User responsibilities and expectations

Clear expectations should be established for all users of the maker space. Students and teachers
are expected to:

A Use tools and materials responsibly and safely
A Follow established rules and procedures.

A Clean and organize the workspace after use.
A Report damaged or missing items.

These expectations can be formalized through visible rules displayed in space, usage
agreements, and regular reinforcement by teachers.

Flexibility and continuous improvement

Resource allocation policies should remain flexible and adaptable . Schools should:

A Review policies regularly based on experience.
A Gather feedback from teachers and students.
A Adjust rules to improve efficiency and fairness.

Making It Work: Resource Allocation and Usage Policies

A clear resource policy is what keeps the makerspace running smoothly day after day. When
rules around access, equipment use, and maintenance are transparent and consistently applied,
the space becomes a well-managed, inclusive environment where all students can create,
collaborate, and take responsibility for shared resources.
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7.4 Documentation and Project Tracking

Documentation and project tracking are essential components of an effective maker space,
ensuring that learning is visible, structured, and accessible . In maker education, the value lies
not only in the final product but also in the process of design, experimentation, and iteration
Systematic documentation allows both teachers and students to capture this process, reflect on
it, and build upon it over time.

Purpose of documentation

Documentation serves multiple pedagogical and operational purposes, such as:

A Capturing the learning process : recording ideas, decisions, challenges, and iterations
throughout a project.

A Supporting reflection and metacognition  : helping students understand how they learn
and improve their work.

A Facilitating assessment : providing evidence of progress, effort, and achievement
beyond the final outcome.

A Enabling knowledge sharing : allowing students and teachers to share projects,
techniques, and insights.

Types of documentation

Makerspace documentation can take various forms (depending on age group, tools, and
objectives) such as:

A Design journals or notebooks : students record sketches, plans, notes, and reflections.

A Digital documentation : photos, videos, and digital files (e.g., code, design files)
capturing different stages of the project.

A Project logs : structured records of activities, materials used, and progress milestones.
A Presentation artifacts : posters, slides, or demonstrations used to communicate project
outcomes.
Combining multiple formats provides a more comprehensive view of the learning process.
Tracking systems should be simple, transparent, and easy to maintain
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Supporting reflection and feedback

Documentation should be actively used to support reflection and feedback. Strategies include:

A Regular reflection prompts (e.g., "What worked well?", "What would you change?").

A Peer feedback sessions where students review each other's work.

A Teacher feedback focused on both process and outcomes.
This helps students develop critical thinking and iterative design skills . Where appropriate,
schools can use digital platforms to support documentation and tracking. However, low-tech
solutions (e.g., paper journals) remain effective, especially in resource-constrained contexts.

Balancing structure and flexibility

Documentation is important, but it should not become overly burdensome as there is the risk of
destroying the joy of making  and creating unnecessary administrative workload. Consider the
following:

A Keep requirements age-appropriate and manageable
A Focus on meaningful reflection rather than excessive reporting.
A Allow flexibility for different types of projects and learning styles.

Linking documentation to assessment

Documentation plays a key role in assessment practices . Teachers can use it to:

A Evaluate the design process and problem-solving strategies.
A Assess collaboration and individual contributions.
A Track progress over time.
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7.5 Maintenance and Upkeep

Sustaining a functional and safe maker space requires a systematic approach to maintenance
and upkeep . Without regular care, tools deteriorate, materials become disorganized, and the
overall environment can quickly lose its effectiveness. Maintenance should therefore be
embedded into daily routines and supported by clear responsibilities, procedures, and
schedules .

Principles of effective maintenance

A Preventive rather than reactive : regular checks and upkeep reduce the likelihood of
breakdowns or safety issues.

A Shared responsibility : maintenance is not solely the teacher's task; students can
actively contribute within structured roles.

A Consistency and routine : establishing regular habits ensures that maintenance is
sustained over time.

A Visibility and accountability : clear systems for reporting and tracking issues support
timely action.

Daily maintenance practices

A Workspace cleanup : ensuring that all materials and tools are returned to their
designated places after each session.

A Basic tool checks : verifying that tools are intact, functional, and safe to use.
A Waste management : proper disposal or recycling of leftover materials.

A Preparation for next use : resetting the space to ensure readiness for subsequent
classes or sessions.

Periodic maintenance and inspection

A Inspection of equipment : checking for wear, damage, or malfunction in tools and
machines.

A cCalibration and servicing : ensuring that digital fabrication tools and electronic
equipment function correctly.

A Inventory review: assessing stock levels of consumables and identifying items that need
replenishment.

A Safety checks : verifying that safety equipment (e.qg., first aid kits, fire extinguishers) is
available and in good condition.

Roles and responsibilities

A Teachers/facilitators : oversee maintenance processes, conduct inspections, and
coordinate repairs.
A Students : participate in routine tasks such as cleanup, organization, and basic checks.
A Technical staff (if available) : handle specialized maintenance, repairs, and equipment
servicing.
Assigning roles (e.g., it ool ma n a gtader ownefism@a t er i al
and accountability

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 91



D5.1 GUIDEBOOK ORGANIZING & OPERATING THE MAKERSPACE

Reporting and repair systems

A simple system for reporting issues is essential. Key elements include:

A Reporting mechanism : students and teachers can report damaged or missing items
(e.g., logbook, digital form).
A Tracking system : maintain records of issues, repairs, and replacements.

A Response procedures : define how and when repairs are addressed, including
escalation if needed.

Maintenance of digital tools and software

A Software updates : ensure that systems are up to date and functioning correctly.
A Data management : organize and back up student files and project data.
A Device care : maintain laptops, tablets, and other devices in good working condition.

Sustainability and resource care

Maintenance also involves promoting sustainable use of resources for boosting environmental
responsibility and cost efficiency. Strategies include:

A Encouraging careful use of materials to reduce waste.
A Reusing and recycling where possible.
A Selecting durable and repairable tools.

7.6 Managing Consumables

Consumables, materials that are used up during activities, are a central component of any maker
space. These include items such as cardboard, wood, plastics, electronic components,
adhesives, and 3D printing filament. Effective management of consumables is essential to ensure
continuous availability, cost control, and sustainable use of resources

Planning and forecasting needs

A Estimate material needs based on planned activities and projects
A Consider student numbers and frequency of use.
A Identify high-demand materials that require regular replenishment.

Controlled distribution of materials

A Provide materials per group or per project , rather than open access.
A Prepare pre-measured kits for specific activities.

A Assign responsibility to a student (e.g., "materials manager") for distribution and
collection.

Promoting efficient use and waste reduction

A Encourage students to plan before using materials  (e.g., sketching designs before
cutting).

A Promote reuse of leftover materials and components.
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A Establish clearly labeled areas for scrap materials that can be repurposed.

A Integrate sustainability concepts into learning activities; for example, teaching students to
plan machine paths and nest parts closely (e.g., on a laser cutter bed) to minimize
material waste and reduce machine time.

Storage and organization of consumables

A Store materials in clearly labeled, categorized containers
A Keep frequently used items easily accessible.

A Protect sensitive materials (e.g., electronics, filaments) from damage, humidity, or
contamination.

A Separate new materials from partially used or scrap items.

Monitoring and replenishment

A Track usage patterns to identify frequently used materials.
A Establish minimum stock levels and reorder thresholds.
A Conduct periodic inventory checks.

A Assign responsibility for monitoring and restocking.

Budgeting for consumables

Consumables represent a recurring cost and should be included in annual budget planning.
Allocate a dedicated budget line for consumables, prioritize materials that support core activities,
and adjust spending based on actual usage and experience.

Student involvement and responsibility

A Assigning roles such as materials coordinator/manager
A Involving students in tracking and organizing materials.
A Encouraging accountability for resource use.
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8. Implementation of TAME Project Pilots

This chapter translates the general guidance into specifics for running TAME pilots in the partner
schools: how to prepare, what minimum requirements you must meet, and how the timeline and
milestones map across three pilot rounds.

8.1 Preparing Schools for Pilot Participation

The successful implementation of the TAME (Teacher Academy for Maker Education) school
pilots requires systematic preparation at the school level , ensuring that all participating
institutions are operationally, pedagogically, and organizationally ready. Preparation is a critical
phase that bridges the development of the guidebook and training modules (WP2) with the actual
enactment of maker education practices in real classroom settings

Establishing school readiness

A Functional maker space : a prepared environment (lab, corner, or mobile setup)
equipped with essential tools, materials, and safety provisions.

A Defined operational procedures : clear rules for access, scheduling, safety, and
resource management.

A Technical preparedness : availability of required infrastructure (power, connectivity,
storage) and basic technical support.

This ensures that the maker space can support continuous and reliable implementation  during
the pilot rounds.

Teacher preparation and capacity building

Teachers participating in the pilots, both student -teachers and in -service teachers , must be
adequately prepared to implement maker activities.

A Completion of training through the TAME Maker Education learning modules.

A Familiarity with maker pedagogy, tools, and classroom management strategies.

A Confidence in facilitating hands -on, student -centered learning .
In addition, teachers should be supported in translating training into practical classroom
activities , managing collaborative student work and project-based learning, and addressing
potential challenges during implementation.

Co-design of maker activities

A central aspect of the TAME pilots is the co-design of learning activities  between teachers
and the project consortium (Task 5.2). This process involves:

Adapting maker activities to local classroom contexts and curricula.

Ensuring alignment with the three TAME learning modules.

Designing projects that are feasible within available time, space, and resources.
Incorporating opportunities for creativity, experimentation, and interdisciplinary learning.

I To To T
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Co-design ensures that activities are both pedagogically meaningful and practically
implementable .

Planning pilot implementation

A Scheduling : integrating pilot activities into the school timetable across three consecutive
semesters.

A Class selection and organization : identifying participating classes (approximately 5
per school & 20 students per class) and organizing students into collaborative teams

A Project scope and duration : defining realistic timelines for each maker project, ensuring
sufficient time for design, development, and reflection.

A Resource allocation : ensuring availability of materials, tools, and teacher support
throughout the pilot.

Coordination with the consortium

A Expert guidance and mentoring (online and on-site).
A Continuous communication channels for feedback and problem-solving.
A Participation in coordinated activities and milestones.

Schools should designate a local coordinator to facilitate communication and ensure alignment
with project requirements.

Preparing students for participation
Students (aged 12i 17) should be prepared to engage in maker projects through:

A Introduction to makerspace rules, tools, and safety procedures
A Orientation to collaborative work and team -based projects .
A Development of basic skills required for participation.

Students will work in teams (typically 3-4 members), requiring attention to group dynamics and
role distribution

Documentation and monitoring readiness

A Tracking project implementation and progress.
A Collecting evidence of learning and participation.
A Documenting experiences for later sharing

Building a supportive school environment

A Engagement of school leadership.
A Collaboration among participating teachers.
A Awareness among the wider school community.
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8.2 Minimum Operational Requirements

To ensure consistent and effective implementation of the TAME school pilots across diverse
contexts, it is essential to define a set of minimum operational requirements . These
requirements establish a baseline level of readiness that all participating schools should meet,
while still allowing flexibility for adaptation to local conditions.

The purpose is not to standardize all maker spaces, but to ensure that each school can safely,
reliably, and meaningfully implement maker education activities during the pilot phases.

Functional makerspace setup

A A dedicated or designated area for maker activities.

A Basic work surfaces and seating arrangements.

A Organized storage for tools and materials.

A Clear zoning (even if minimal) for different types of activities.

The space should support hands-on, collaborative work for student teams.

Essential equipment and materials

To support the implementation of the TAME pilots and ensure alignment with the three core
training modules namely, electronics, robotics, and digital fabrication (WP2) , each school
should be equipped with a balanced set of tools and materials  that enable hands-on,
interdisciplinary maker activities. Emphasis should be on accessible, reliable, and
pedagogically relevant equipment , rather than highly specialized or costly solutions .(a
detailed list is provided in Appendix 2)

a. Electronics

A Entry-level microcontrollers (e.g., micro:bit, Makey- Makey).

A More advanced microcontrollers (e.g Arduino)

A Basic electronic components (LEDs, resistors, sensors, actuators).

A Breadboards and wiring Kits.

A Power sources (battery packs, USB connections).
These resources enable students to design and build interactive systems , supporting learning
in programming, data collection, and real-world problem solving.
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b. Robotics

Within the TAME project, robotics is approached through a Do-It-Yourself (DIY) and
constructionist perspective |, prioritizing the design and building of original robotic artifacts
by students , rather than the use of fully pre-assembled or closed kits. Typical resources include:

A Microcontrollers  (e.g. micro:bit, Arduino) as programmable control units.
A Electronic components  (motors, motor drivers, sensors, power modules).

A Mechanical building materials  (e.g., simple structural parts, recycled materials, 3D-
printed components).

A Basic prototyping tools for assembly and construction.
While some modular kits may be used, they should be open-ended and reconfigurable , not

pre-defined robotic solutions, used as component sets , rat her t haand-ruined 1
products.

Use cases:

A Designing simple autonomous or remote-controlled robots.

A Building custom mechanisms for specific challenges (e.g., movement, sensing,
interaction).

A Integrating robotics with electronics and digital fabrication for interdisciplinary projects.
Overall, this way it is ensured that robotics activities align with the core principles of maker

education by fostering deep learning, ownership, and technical understanding , While
avoiding over-reliance on pre-packaged solutions.

c. Digital fabrication

Digital fabrication extends students' design work into physical production. Where resources allow,
schools are encouraged to provide access to tools and materials that support this process,
including:

(@]

Computers with basic design software (e.g., CAD tools).

[@]3

At least one digital fabrication tool (e.g., 3D printer).
0 Materials such as filament or other fabrication media.

Where advanced equipment is not yet available, schools can achieve similar learning outcomes
through low-tech alternatives such as cardboard modeling or manual fabrication techniques.
What matters most is not the sophistication of the tools, but the opportunity for students to move
from idea to physical object through a meaningful design and making process.

d. Supporting craft and prototyping materials

Across all three modules, schools should also provide:

A General craft and prototyping tools (cutting tools, adhesives, measuring tools).
A A variety of consumable materials (cardboard, plastics, wires, recycled materials).

Key considerations

A Equipment should be shared among student teams to optimize usage and cost.
A Tools and materials must be aligned with student age (12i 17) and skill levels.
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A Schools should prioritize ease of use, safety, and versatility.
A The setup should support at least one maker project per student team during the pilot.

Safety and risk management measures

All participating schools must implement basic safety provisions , including:

A Clearly defined and communicated safety rules and procedures
A Student safety induction and training  prior to participation.

A Availability of basic safety equipment (e.qg., first aid kit).

A Adequate supervision during all activities

Trained and prepared teachers

Teachers involved in the pilots must:

A Have completed the TAME - Maker Education training modules
A Be familiar with the maker space environment and tools
A Be capable of facilitating student -centered, project -based learning .

In addition, teachers should be prepared to collaborate with the consortium and peers, adapt
activities to their classroom context, and support teamwork and student engagement.

Structured implementation plan

Each school should have a clear plan for pilot implementation , including:

A Scheduled time slots for maker activities within the school timetable.
A Identification of participating classes and student groups.

A Defined duration and scope of maker projects.

A Allocation of resources (space, materials, supervision).

Student organization and participation

Students should be organized into collaborative teams , typically of 3-4 members, with clear
roles and responsibilities within teams (including optionally rotation), orientation on teamwork and
project expectations, and opportunities for active participation and contribution.

Documentation and reporting systems

Schools must be able to document and monitor pilot activities, including:

A Tracking project progress and outcomes.
A Collecting evidence of student work and learning.
A Recording experiences, challenges, and best practices.

Communication and coordination mechanisms

Each school should establish:

A Alocal coordinator responsible for pilot organization.
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A Regular communication with the TAME consortium.
A Participation in scheduled meetings, workshops, and feedback sessions.

Digital readiness

Given the collaborative and transnational nature of the project, schools should have:

A Access to digital tools and platforms  for communication and sharing.

A Basic digital literacy among participating teachers.

A Capacity to upload and share documentation and project outcomes.
Meeting the minimum operational requirements ensures that every participating school is ready
to implement maker activities safely, effectively, and consistently. These standards create a
shared foundation across all TAME pilot schools, while still leaving room for each school to adapt
and innovate within its own context.

8.3 Timeline and Milestones

A clear timeline with defined milestones is essential for the effective orchestration and
monitoring of the TAME school pilots . Given that the pilots are implemented across three
consecutive semesters, involving multiple schools, teachers, and student teams, a structured
timeline ensures coordination, consistency, and progressive development. The timeline should
balance standardization (for comparability across partners) with flexibility (to accommodate
school schedules and local contexts).

Overall pilot timeline structure

The implementation of the TAME pilots is organized into three main phases , repeated across
three pilot rounds:

A Preparation Phase (Pre -Pilot) .
A Implementation Phase (Pilot Execution)
A Reflection and Sharing Phase (Post -Pilot) .

Phase 1: Preparation (before each pilot round)
Indicative duration: 3-4 weeks before pilot start.
Key milestones:

Completion of teacher training (TAME learning modules)
Preparation of co-designed maker activities

Confirmation of participating classes and student teams
Preparation of maker spaces, materials, and equipment
Establishment of documentation and communication tools

To To To Do Do P>

Scheduling of pilot activities within the school timetable.

Outcome: schools are fully prepared, with teachers ready and activities aligned with project
objectives.
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Phase 2: Implementation (pilot execution)

Indicative duration: one school semester per pilot round.

Key milestones:

Launch of pilot activities  in participating classes.
Formation of student teams (approx. 4 students per team).

Execution of maker projects (design prototyping testing iteration).

Ongoing support from the consortium  (online and/or on-site).
Continuous monitoring and informal feedback collection
Mid-point check -in or review session (optional but recommended).

To To Po Io Io o

Outcome: students actively engage in maker projects, and teachers implement learned
pedagogies in real classroom settings.

Phase 3: Reflection and sharing (post -pilot)
Indicative duration: 1-3 weeks after pilot completion.
Key milestones:

A Collection and organization of project documentation

A Teacher reflection on successes and challenges, and student engagement and learning
outcomes.

A Participation in online workshops and feedback sessions
A Sharing of experiences through digital platforms
A Identification of best practices and lessons learned

Outcome: knowledge is consolidated and shared across the consortium, contributing to
continuous improvement and community building.

Iterative development across pilot rounds

A Pilot Round 1: initial implementation, testing approaches, identifying challenges.
A Pilot Round 2: refinement of activities and practices based on feedback.
A Pilot Round 3: consolidation and optimization, focusing on scalability and impact.

Each round builds on the previous one, enabling progressive improvement and deeper
integration

Flexibility and adaptation

Flexibility is essential to ensure that implementation remains feasible and context -sensitive
While the timeline provides a structured framework, schools should adapt it to:

A Academic/School calendar and timetable constraints.
A Local conditions and unforeseen challenges.
A Specific needs of teachers and students.
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Pre-pilot
Preparation

- Teacher training

- Co-design activities

- Space & materials setup

- Class & team confirmation
- Timetable scheduling

Implementation

- Launch pilot activities

- Form student teams

- Design — prototype - test
- Consortium support

- Monitoring & feedback

- Mid-point check-in

Post-pilot
Reflection

- Organise documentation

- Teacher reflection

- Online workshops

- Share via digital platforms
- ldentify best practices

Pilot 1 - Electronics

IMPLEMENTATION OF TAME PROJECT PILOTS

Pilot 2 - Robotics

Pilot 3 - Digital Fabrication
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Implementation Implementation Implementation
| 1 [ J
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Diagram 1: Iterative development across TAME pilot rounds
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9. Sustainability and Scaling

The pilot ends; the maker space should not. This chapter looks at the long game: keeping
equipment alive, finding money, and building the network that surrounds the makerspace.

9.1 Long -Term Maintenance Strategies

Ensuring the long-term sustainability of a school maker space requires moving beyond initial
setup and pilot implementation toward systematic, ongoing maintenance strategies
Sustainability is not only a technical issue but also an organizational and pedagogical
commitment , ensuring that the maker space continues to function effectively, remains relevant,
and evolves over time.

Preventive maintenance planning

A sustainable maker space relies on planned, preventive maintenance rather than reactive
repairs. Key practices include:

A Establishing regular maintenance schedules for tools and equipment.
A Conducting periodic inspections to detect wear or malfunction early.
A Keeping maintenance logs for tracking issues and interventions.

Lifecycle management of equipment

All tools and technologies have a finite lifecycle , and schools should plan accordingly. Key
considerations:

A Defining expected lifespan for different types of equipment.
A Planning for replacement or upgrading cycles
A Prioritizing equipment that is durable, repairable, and modular

Sustainable management of consumables

Long-term operation depends on the continuous availability of materials . Strategies include

A Allocating an annual budget for consumables
A Monitoring usage trends to inform procurement decisions.
A Encouraging reuse and recycling to reduce costs.
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Building internal capacity

A key factor in sustainability is the development of internal expertise within the school .This
includes:

A Training multiple teachers to use the maker space effectively.
A Avoiding reliance on a single "expert" teacher.
A Supporting peer learning and knowledge sharing among staff.

Institutional integration

Maker spaces are more sustainable when they are embedded in school structures and
practices . Key actions:

A Integrating maker activities into the curriculum and school planning
A Including maker space operation in school policies and budgets
A Assigning formal roles (e.g., makerspace coordinator).

Partnerships and external support

Long-term sustainability can be significantly strengthened through strategic partnerships and
participation in wider maker education networks . These connections provide access to
expertise, resources, training opportunities, and collaborative projects , extending the
impact of the school maker space beyond its local context. Key opportunities include:

A Partnerships with local institutions : universities, research centers, libraries, or
innovation hubs can provide access to advanced equipment, mentoring and technical
expertise, and opportunities for joint projects or student visits.
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A Engagement with maker communities and other networks: Fab Lab Network, Maker
Faire, European Schoolnet, Scientix, MakerEd
A Participation in EU and international initiatives : Erasmus+, STEM or digital education

initiatives can provide funding opportunities, training resources, and transnational
collaboration.

A Collaboration with industry and local businesses : sponsorship or equipment
donations, real-world project challenges, and exposure to STEM and creative careers.

A Access to shared or external maker spaces : local fab labs or innovation hubs for
specialized equipment and authentic making experiences.

Connecting with external networks and partners helps keep your space fresh, exposing teachers
and students to new practices, technologies, and ideas beyond the school walls. Equally
important is building a habit of regular evaluation. Gathering feedback from teachers and
students, reviewing how the space is being used, and adjusting resources and policies
accordingly ensures that the makerspace stays relevant and continues to meet learners' needs.
When sustainability is built in from the start, through trained staff, ongoing review, and integration
into the wider school culture, the makerspace will continue to deliver meaningful, creative learning
experiences long after the initial pilot phase is complete.

(- TIP ZONE

Review Little and Often

Allocate a short time each term to reflect on what is working and what is not (with your
students and colleagues). Small, regular adjustments are far easier than a major overhaul,
and they keep the makerspace feeling alive, responsive, and yours.

9.2 Funding Opportunities and Partnerships

Sustaining and scaling a school maker space requires a diversified funding strategy combined
with strategic partnerships . While initial funding may be secured through projects such as
TAME, long-term viability depends on the school's ability to identify, access, and combine
multiple funding sources , while building collaborations that extend both financial and
educational capacity.

Public funding and educational programs

A European funding programs : Erasmus+ (educational innovation, teacher training,
collaborative projects); Horizon Europe (research and innovation, STEM and digital
education).

A National and regional funding schemes  : ministries of education or local authorities may
provide grants for digital transformation, STEM education, and innovation in schools.

These funding streams can support equipment acquisition, teacher training, and pilot
activities .
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School -level budget allocation

For long-term sustainability, schools should integrate the maker space into their regular financial
planning . Key actions include:

A Allocating a dedicated annual budget for consumables, maintenance, and minor
upgrades.

A Including maker space needs in school development plans
A Prioritizing cost-effective investments that deliver high educational value.

Partnerships with industry and private sector

Collaboration with companies and industry partners can provide both financial and non -
financial support . Opportunities include:

A Sponsorships or donations of equipment and materials.
A Access to real-world challenges and project ideas
A Guest speakers, mentoring, or technical expertise.

Collaboration with universities and research institutions

Partnerships with higher education institutions can offer:

A Access to advanced facilities and laboratories
A Support in teacher training and professional development
A Opportunities for joint projects or research -based learning .

Community and local partnerships

Local communities can play an important role in supporting makerspaces as they can help build
ownership and helps build long-term support. Examples include:

A Collaboration with local maker spaces, libraries, or innovation hubs.
A Engagement with parents and community members as volunteers or mentors.
A Participation in local events, exhibitions, or initiatives.

In-kind contributions and resource sharing

Not all support needs to be financial. Schools can benefit from:

A Donations of materials or unused equipment.
A Shared use of facilities across schools or institutions.
A Volunteer expertise from professionals or hobbyists.

Strategic partnership development

Effective partnerships require a structured and proactive approach:

A Identify partners aligned with the school's educational goals.
A Define clear roles, expectations, and mutual benefits.
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A Maintain regular communication and collaboration.
A Evaluate partnerships to ensure ongoing value.

9.3 Community Engagement and Outreach

Community engagement and outreach are critical for transforming a school maker space from
an internal resource into a hub of collaboration, innovation, and shared learning . By
connecting with parents, local organizations, and the wider community, schools can enhance the
visibility, relevance, and sustainability of maker education while providing students with
authentic, real-world learning experiences.

Building awareness and understanding

A first step in community engagement is ensuring that stakeholders understand the purpose and
value of maker education . Key actions include:

A Organizing open days or demonstration events  showcasing student projects.
A Communicating through newsletters, school websites, or social media.

A Highlighting the development of skills such as creativity, problem -solving, and
collaboration .

Showcasing student work

Publicly sharing student projects reinforces the importance of maker activities and motivates
learners. Approaches include:

A Exhibitions within the school or local community.
A Participation in local fairs, festivals, or innovation events.
A Digital showcases (e.g., online portfolios, videos, project galleries).

Organizing outreach activities

Maker spaces can serve as platforms for broader educational outreach. Possible initiatives

A Workshops for other schools or educators.
A Community maker days or STEM events.
A Participation in regional or national education initiatives.
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Towards creating a community of practice

Sustainable engagement involves building ongoing relationships and networks. Key strategies:

A Establishing regular communication channels with partners.
A Participating in national and international educator communities.
A Encouraging teachers to share practices and collaborate.

All these can potentially contribute to a community of practice  that supports continuous learning
and innovation

Promoting inclusion and accessibility

Community engagement should be inclusive and accessible to all. Key considerations:

A Ensuring participation opportunities for diverse groups.
A Designing activities that are welcoming and adaptable.
A Reducing barriers to access (e.qg., cost, time, prior experience).

Effective community engagement transforms a maker space from a school facility into a
recognised hub for innovation, drawing in external support, partnerships, and collaboration that
strengthen its long-term sustainability. Students benefit directly through authentic, real-world
learning experiences that connect classroom making to genuine community needs and
professional contexts. At the same time, the maker space contributes to a wider culture of
curiosity and lifelong learning that extends well beyond the school walls. By building these
connections deliberately, schools create a living ecosystem where maker education grows in both
reach and impact.
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10. Key Lessons Learned from Previous
Implementation

Across different contexts and pilots, several lessons recur often enough to deserve their own
chapter. Use them as a sanity check whenever you are about to make a significant decision.

A Start simple and scale gradually
setups and expand over time.

A Pedagogy is more important than technology : the quality of learning experiences
depends on teaching approaches, not the sophistication of tools.

A Teacher supportis critical : training, collaboration, and confidence-building are essential
for effective implementation.

A Flexibility is key : spaces, tools, and activities should adapt to changing needs and
contexts.

A Student ownership enhances learning : allowing students to take responsibility for
projects increases engagement and motivation.

A Integration ensures sustainability : maker spaces are most effective when embedded
in curriculum and school structures.

. successful maker spaces often begin with modest

Common challenges and solutions

Challenge Possible solutions

kits,

Limited budget Insufficient funds for Start with low-cost prioritize

Lack of teacher
confidence

Space
constraints

Time constraints

Equipment
underuse

equipment and materials.

Teachers may feel
unprepared to use maker
approaches.

No dedicated room available.

Difficulty fitting maker
activities into schedules.

Tools are available but not
regularly used.

essential tools, use recycled materials.

Provide training, peer support, and
ready-to-use activities.

Use maker corners, mobile kits, or pop-
up setups.

Integrate into existing subjects, use
project-based learning.

Align  with  curriculum;  provide
structured maker activities that
compare equipment options for similar
outcomes so users learn which tool fits
which task, not just how to operate one
machine in isolation.

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA

Page 112



D5.1 GUIDEBOOK KEY LESSONS LEARNED FROM PREVIOUS IMPLEMENTATION

Possible solutions

Challenge Description
Maintenance Tools become damaged or
issues disorganized.

Safety concerns Fear of accidents or misuse
of tools.

Unequal access Some students or classes
have limited opportunities.

Implement clear maintenance routines
and responsibilities.

Establish clear safety protocols and
training, and build a culture where
flagging hazards and asking for help
are welcomed, not judged.

Use scheduling systems and shared
resources.
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11. Faces of a Real Makerspace

This chapter introduces five teacher personas, each based on patterns observed during similar
to TAME maker education initiatives. They are not real individuals, but every challenge they face
has been faced by real teachers, often repeatedly. Each persona shows a typical struggle, what
they tried, what worked, and what they wish they had known earlier.

If you recognise yourself in one, jump to that page first; the approach is built so you can lift the
tactics straight into your own school practices.

Persona Primary challenge

1. Helena: The Funding Establishing and growing a makerspace on an almost non-
Hunter existent budget.

2. Marco: The Community Engaging parents, alumni, and local stakeholders so the
Connector space is more than a closed classroom (wide walls).

3. Sofia: The Order -Keeper Re-organising consumables and tools after every session

so the space remains usable.

4. Daniel: The Coalition - Persuading more colleagues to host labs/sessions in the
Builder makerspace and share the workload.

5. Maria: The Safety Ensuring that excited teenagers actually follow safety
Champion protocols, even when nobody is looking.

11.1 Helena: The Funding Hunter

Helena

Physics teacher and makerspace leader | Mid-size public lower secondary,

southern Europe

Ailf you wait for the perfect budget, vy
small , winnabl e pieceso.
Helena has taught physics for thirteen years. She has always run extra clubs on a shoestring.

When an opportunity for a makerspace in her school was announced, she volunteered to set
up the school's first maker space whasadafiempy
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store cupboard, a goodwill principal, and an annual parents' association that had never
sponsored anything technical before.

THE CHALLENGE

A School operating budget covered consumables only; no capital line for equipment.

A The principal supported the idea in pr
t hiso.

A Earlier funding attempts had failed because they sounded like wish-lists, not plans.

A Suppliers offered no education discount unless she requested it formally, in writing,
with a school stamp.

A Recurring costs (filament, electronics, glue, batteries) would dwarf the initial
purchase within 18 months.

WHAT THEY TRIED

A Drafted a one-page case wi t h t hree number s: capita
annual cost (~0u450), and a target reac
pilot round).

A Built a mini -portfolio of evidence before asking for money: photos of a cardboard-
only pilot session, two short student quotes, and one lesson plan tied to the
curriculum.

A Approached funding in layered tranches instead of one big ask: parents' association
(small recurring), municipal STEM micro-grant (one-off), local engineering firm (in-
kind donations), national Erasmus+ co-funding (the big slice).

A Made shared procurement with a neighbouring school to halve the cost of a 3D
printer and split filament purchases.

A Asked three suppliers for written education quotes  and used the lowest as leverage
with the others.

A Wrote consumables into the annual school plan so the line item could not be cut
without a vote.

OUTCOME

A ln year one she raised 02,100 ( G 8-Riffrdnr
a | ocal firm, 4700 f r ograntg enoughnfor the gtaadr kitS T
and consumables for the first pilot round.

A In year two, Erasmus+ co-funding covered a shared 3D printer and a second laptop
trolley.

A A consumables line of G400 per year wa
a parents' open day, where students demoed their projects.

A The local engineering firm now sends two engineers as mentors twice a year at zero
cost to the school.

LESSON FOR YOU: Don't ask for the lab. Ask for the smallest next step that produces
visible results, then use the results to ask for the next step. Funders fund momentum, not
dreams.
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11.2 Marco: The Community Connector

Marco

Technology teacher and pilot coordinator | Urban upper secondary, central Europe

"A maker space without a community is just a storage room; eventually the door
stops opening."

Marco inherited a small maker corner that the previous coordinator had left behind. It had a
3D printer, two microcontroller kits, and
that never wor kso. Wi t hi n si x tymotiyblying rhoee
equipment, but by opening the door outwards.

THE CHALLENGE

A Parents thought the tbaom Wwagsdjasd had
in.
Local engineering and design companies existed within walking distance but had no
relationship with the school.
Alumni who worked in tech had left the school behind and felt no reason to give back.

The municipality was funding ASTEM act
had ever filed an application.

Other teachers viewed the maker space as a competitor for student attention, not a
partner.

WHAT THEY TRIED
A Ran a public open day twice a year; once in November (parents) and once in April
(community). Students, not staff, gave the tours.

A Built a two -paragraph monthly newsletter  with three photos, sent to parents and
posted on the school website. Took 30 minutes to write each month.

ST S S 9
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A Host edMalkeri Ap eanihour wfocdffee and project demos for local
professionals, after work, three times a year. No fundraising pitch.

A Identified two alumni champions via Linkedin and asked them to mentor one
project each per semester (low commitment).

A Submitted a micro -grant application to the municipality with student-written quotes
accepted on the first try.

A Co-host eTdecah fiMeet s S c h with thélocal public ibrany, where the
maker space became a regional anchor.

A Setupar ot ati ng f gue séventtern, orfe extedal gattnert(engineer,
designer, scientist) ran a 45-minute drop-in.

OUTCOME

A Parental attendance at the open day grew from 12 to 90 in three terms.
A Two engineering companies now sponsor consumables for one project per year

each.
A The alumni network produced four mentors and one part-time intern.
A The makerspace is now in the municipal

and receives a small annual grant.

A Other teachers no longer see the space as a competitor- they see it as a guest spot
they can book.

LESSON FOR YOU: Community is not a fundraising activity; it is a routine of visibility
Open the door on a calendar, not on a hope.
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11.3 Sofia, The Order -Keeper

Sofia

Design and technology teacher | Rural lower secondary, northern Europe

"The makerspace is dead the first time a teacher walks in, can't find the wire
strippers, and walks back out."

Sofia's makerspace serves three teachers and six different classes per week. Within two
months of opening, tools were disappearing into wrong shelves, filament had moved to four
different drawers, and the previous lesson's scrap cardboard was crowding out the next
one. She did not buy more storage she built a return system.

THE CHALLENGE

A Tools vanished after each session; not stolen, just misplaced into student desks or
other rooms.

A Consumables were mixed across categories: a single drawer contained LEDs, hot-
glue sticks, and stray screws.

A Different teachers had different @Ahome

A Re-setting the space between sessions took 151 20 minutes, eating into the next
class.

A Students treated cleanup as someone else's problem.

WHAT THEY TRIED

A Phot ogr aprheesde tt hefetveri cart) drawer, and pegboard, then stuck the
photo on the back of each one; students know exactly what the drawer should look
like by the end of class.

A Used silhouettes on pegboards  so missing tools are visible from across the room.

A Adopted a traffic -light box system : green bins for gener
the teachero, red for Atrained users o

A Designed a 3-minute closing routine  that ends every session: count tools (45 sec),
reset bins (60 sec), sweep crumbs (45 sec), report missing/broken on the door
clipboard (30 sec).

A Made Matee i al s avdating wle: ore student per group per week, no
exceptions.

A Ran a monthly 20 -minute audit with two students: anything not used in 60 days
goes into the scrap shelf or is recycled.

A Added omstid & f o u outside thealaok itens reappear within a day.
OUTCOME

A Reset time dropped from 18 minutes to 4 minutes.
A Tool loss fell to roughly one item per term.

A Three teachers now use the space confidently because they can find what they need
within 30 seconds.
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A A visiting trainer commented that t he
classroomo.

A Students take cleanup seriously because they know their name is on the bin for
that week.

LESSON FOR YOU: Tools don't disappear because students are careless; they disappear
because there is no visible home f or them to return to. |
correctlyo looks | ike, and post it right

11.4 Daniel: The Coalition -Builder

DEIE]

Computer-science teacher, accidental coordinator | Comprehensive secondary,

western Europe

il built the makerspace alone for a
sustainabl e, and stopped trying to be

Daniel set up his school's maker space single-handedly, won the parents' applause, and
burned out by Easter. His turnaround came when he stopped being the sole hero and
started recruiting colleagues as co-owners , not visitors.

THE CHALLENGE
A Daniel was the only "expert" on tools, software, and safety so every session needed
him.
Other teachers admired the space but said "I'd never know how to use it."
Lesson plans took hours to adapt and there was no shared library.
When Daniel was absent, the room closed. Students noticed.
Leadership praised the space publicly but never assigned co-coordinators.

o Do Do I
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WHAT THEY TRIED

A Started a "second teacher pair -up": every project had a co-host from a different
subject.

A Built a shared activity library of 12 activities (preferably short ones) that any

teacher could deliver after a 30-minute walkthrough.

Wrote a two-p age fic he aper talhwritten dor someone who has never

touched it before.

Asked the principal for one afternoon per term dedicated to maker-space

onboarding; and this was accepted.

A Recruited t wo student fi t eperhclass a@op hamadle nsstdp, basic
troubleshooting, and tool returns.

A Made co-credit visible : every project board now shows the names of both teachers
and student tech captains.

A Took a deliberate two -week step back in semester two (let a colleague lead) to
prove the space could run without him.

OUTCOME

A By the end of year one, six colleagues from four subjects had each delivered at least
one maker lesson.

A The activity library now contains 23 short maker activities, contributed by multiple
teachers.

A The room ran for the full week Daniel was at a conference; three different colleagues
covered.

A Two student tech captains were promoted to peer trainers for next year's induction.

A Daniel's burnout did not return; his job became coordination, not delivery.

p SIS

LESSON FOR YOU: You cannot scale a hero. Recruit, document, and step back
deliberately.

11.5 Maria, The Safety Champion
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Maria

Engineering and design teacher | Independent senior secondary, urban context

n | refuse to choose between a creati ve
only way is to make safety part of the

Maria runs the most equipped room in the school: 3D printers, a laser cutter, a soldering
bench, and four hand-tool stations. With great gear comes serious risk. His students
skipping protocols whenever they thought no-one was looking. Maria did not respond by
adding rules; she rebuilt the routines.

THE CHALLENGE

Goggles were Aforgottend the moment Ma
Two students used the laser cutter without supervision after class; nothing burned,
but it could have.

A glue gun left running scorched a workbench during a busy lunchtime open session.
Older students viewed the safety inductionasaone-of f t hey had #fa
a recurring practice.

A near-miss with a soldering iron left a small burn; minor, but a clear signal that
complacency had set in.

o Do B Do P>

WHAT THEY TRIED

Made Personal Protective Equipment (PPE ) compulsory at the door : no goggles on, no
entry. Goggles live in a basket at the threshold, not in lockers.

A Introduced a traffic -light tool licence : green (free use), yellow (after a 5-minute
test), red (requires a witnessed practical). Students display the licence card on their
lanyard.

A Adopt echf @&t iy p Boireddier toalst esery red-tool task needs a second
trained student in line of sight. Used in 95% of cases without complaint.

A Restructured the induction into 3 short sessions (15 min, 20 min, 15 min) across
the first month; not one long lecture.

A Made students co-design the safety poster , so the language was theirs and the
buy-in was theirs too.

A Started safety stand -ups: 90-s econd weekly debriefs;
al most went wrong?o0, fAwhat surprised wu

A After the workbernmhigdearcH,e amaon-pmpitve 0+
minute group reflection on what the system, not the student, had let slip.

A Wrote incident reports as one -page learnings , kept on a shared shelf in the room.
Students can read them.

A
OUTCOME
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A In the following 14 months: zero injuries, three formal near-misses logged (down
from an unknown earlier rate), and a consistent uptake of Personal Protective
Equipment (PPE).

Students who once skipped goggles now remind each other; peer enforcement
replaced teacher policing.

The student-designed safety poster has been adopted by two partner schools.
Maria's incident reports have become a Continuous Professional Development
(CPD) resource for trainee teachers in the district.

The principal Citetshe heamakter s ppaicael as
phrase nobody used twelve months earlier.

SRS S S

LESSON FOR YOU: Safety isn't a poster, a punishment, or a paragraph in a policy; it is a
set of small rituals that students help write. Co-design the rules, run the stand-ups, and
you replace policing with culture.

11.6 Reading across the five personas

The five personas deal with very different surface problems, but they all rely on a few shared
moves. If you skim each story for the actions teachers actually take, a small pattern set emerges:

A Start small enoughtowin quickly. Hel ena raised 0800 first, not
open day before building a partnership.

A Make the right answer visible.  Sofia photographed her drawers. Daniel published a
cheat sheet. Maria co-designed a poster. None of them relied on memory.

A Build routines, not rules. A weekly 90-second safety stand-up beats an annual lecture.
A 3-minute closing routine beats a 20-minute lecture about respect.

A Recruit before you scale. Daniel's coalition was the unlock. Helena's parents and
Marko's alumni were unlocks too. Nobody scaled alone.

A Treat near -misses as gold. Maria's incident-learning circle turns a moment of fear into
the most useful CPD session of the year.
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12. Real Stories from the Field: Successes,
Failures, and Everything in Between

The five personas in the previous chapter compressed common patterns into typical figures. This
chapter does the opposite: it shares longer, narrative accounts of specific attempts to set up or
run a maker space. Some succeeded. Some failed. Most landed somewhere in between. All
taught something.

A short word on failure

Maker education preaches that failure is part of learning, that prototypes are meant to break, that
iteration is the work. The same applies to the adults running the space . Failure in a school
maker context can happen at three layers:

A Organisational failure : the school structure, leadership turnover, budget cuts, or staff
conflicts cause the initiative to stall, even when the room itself works.
A Operational failure : the routines did not hold: tools went missing, schedules clashed,
safety procedures slipped, or maintenance was deferred until it was too late.
A Inherent failure in the making itself  : a project does not work as planned. A robot does
not move. A 3D print warps. A circuit shorts
lesson maker education is designed to deliver.

Al | three are nor mal. None is a sign that the ma
show what happens when teachers face each kind of failure and how they (or, in two cases, the
project around them) recovered, partly recovered, or learned what to do differently next time.

Read failures as carefully as successes . Anyone can copy a success; only failures tell you
where the unmarked cliffs are. Second, share your own stories with neighbouring schools and
with the next colleague who's about to set up a room. You can send yours to the TAME network
at tame@tlu.ee. The community grows by what we are willing to say out loud, even when it didn't
work the way we envisioned.
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12.1 The Makerspace disoriented by COVID -19

LEARNING FROM FAILURE
A Makerspace That Disappearedé and Reapp¢

N,

Sustainability, Resilience and Unexpected Opportunity

Back in 2016, a makerspace was established in a technological and cultural park located in
the centre of Athens (Greece) as part of a European-funded project.

The space was designed to inspire creativity, experimentation, and collaboration among
young people. It included:

0 an electronics area,

6 adigital fabrication area,

6 acoding and robotics corner,

0 crafting and creative making stations,

6 and a small social space where students could relax, exchange ideas, and discuss

their projects.

The makerspace mainly operated during weekends. Students could visit free of charge and
work on their own ideas and projects. Some of the more experienced students arrived with
projects already in mind, while others developed ideas together with the trainers and
facilitators working in the space. Very quickly, the makerspace became a popular destination
for weekends. Students were building, experimenting, failing, redesigning, collaborating,
and learning from one another. The atmosphere was informal, creative, and welcoming.

The First Sustainability Challenge
When the original project funding ended, an important question emerged:
How could the makerspace continue operating?

Keeping the space open required resources, equipment maintenance, and most importantly,
facilitators who could support students and coordinate activities.

A hybrid solution was eventually found:

0 during selected weekends, students participated with a very small fee,

O«

during public events and science days organised by the cultural park, the
makerspace remained open free of charge,

6 additional open days were supported through other educational initiatives run by the
organisations involved,

6 and in some cases, volunteers interested in gaining teaching and makerspace
experience helped facilitate activities.

This mixed approach worked well, although not ideally.

Then Everything Changed
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In March 2020, the COVID-19 pandemic changed everything.

The technological park was forced to close for a long period and all operations run remotely.
Suddenly, the open, collaborative, hands-on philosophy of the makerspace could no longer
function normally. Remote learning did not fully align with the nature of the space.
Students could no longer freely access tools, materials, machines, and collaborative
environments.

When the park eventually reopened, strict pandemic regulations created additional
difficulties:

6 only permanent employees could enter certain areas,

(@]

the makerspace itself did not fully comply with the new distancing and sterilizing
protocols,

6 and the need for additional office space inside the building became a priority.
Gradually, the situation changed.

The open creative environment that once welcomed students every weekend slowly turned
into a set of ordinary offices. Equipment was packed into boxes. Machines were stored
away. Tables used for collaborative making disappeared.

What Went Wrong?

The problem was not a lack of passion or educational value.
The makerspace had proven that students wanted and needed such spaces.

However, some important sustainability factors had not been fully considered:

6 there was no contingency plan for extreme operational conditions,

0 the operation depended on a limited number of people,

6 there was no dedicated long-term institutional framework protecting the space,

6 and only a small group of facilitators had the knowledge and experience required to

run the makerspace effectively.
The pandemic exposed these weaknesses.

After almost one and a half years of disruption, the makerspace remained an empty room
filled with packed equipment and unused resources.

Turning Failure into Opportunity
Eventually, the organisations involved made an important decision.

Instead of allowing the equipment to remain unused, they decided to redistribute it and
create two mini-makerspaces inside public schools located in disadvantaged areas of
Athens.

The idea was simple: if students could no longer easily come to the makerspace, perhaps
the makerspace should move closer to the students, especially to students that cannot
easily have access to such spaces.
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The mini-makerspaces became new creative hubs inside schools. Later, vision expanded
even further: these school-based makerspaces would become open and welcoming
spaces not only for their own students, but also for nearby schools and local communities.

LESSONS LEARNED

This story is not simply about failure. It is a story about:

6 the importance of sustainability planning,

6 the need for institutional support,

6 the risks of depending on a small number of people,

6 the vulnerability of educational innovation during crises,
6 and the importance of adaptability.

Most importantly, it shows that even when a makerspace disappears physically, its
philosophy and impact can continue in new forms. Sometimes, educational innovation does
not survive unchanged. Sometimes, it evolves into something different and potentially even
more meaningful for the community it serves.

An unexpected event, the loss of an original makerspace, became an unexpected
opportunity. An opportunity for a different kind of reach; a more equitable reach.

12.2 Failed print -outs: A Story of Inherent Failure

LEARNING FROM FAILURE
A
%\ When the project Itself does not work

* Upper secondary engineering elective - team of four students

This story talks about a different kind of failure, the one that is supposed to happen. A
team of four upper-secondary students decided to build a small solar-powered automobile
artefact as part of their engineering project to be demonstrated in Athens Science Festival.

Their idea was to control it with a BBC micro:bit. The students programmed the micro:bit to
control the movement of the vehicle and connected it to a small motor system.

The project included:

6 asmall solar panel for energy,
0 a motorised vehicle,
6 a custom 3D-printed base to hold the solar panel,
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6 and coding with the micro:bit.

The first 3 weeks went well.
The students designed the vehicle, connected the small motor, and successfully printed
the base for the solar panel. Everything seemed ready.

Then the problems started.

During the final print, the 3D printer failed halfway through the process. Instead of a proper
object, the printer produced a tangled ns|
used.

The students tried again, but there was not enough time and material left for another full
print.

To save the project and be ready for the demonstration in the Athens Science Festival, the
team improvised. They replaced the 3D-printed support with cardboard and used zip ties.

At first, this looked like a clever solution. The artefact was assembled, the solar panel was
connected, and the car could move for a few seconds.

But another problem appeared

The cardboard was too thin and unstable. The solar panel could not stay fixed in position.
Small movements caused the panel to tilt, disconnect, or lose efficiency. Sometimes the
car moved, sometimes it stopped completely.

On presentation day, the students demonstrated a project that only partially worked. The
solar-powered car moved briefly, but the structure was unstable and unreliable.

Still, the students explained the entire process honestly:

6 what they designed,

6 what failed,

6 how they tried to solve the problem,

6 and what they would improve next time.

The teacher considered the project a success.

WHAT DID NOT WORK
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(@]

The 3D print failed during producti on,

There was not enough extra time and material for multiple reprints (loose planning)

O«

O«

The cardboard replacement was too weak to properly support the solar panel
(wrong material selection)

The team focused mainly on making the artefact work quickly instead of testing the
durability of the structure.

O«

LESSONS LEARNED

Failure is a natural part of maker education.

Improvisation and redesign are important engineering skills.

Backup plans and extra production time are essential in fabrication projects.

Even simple materials, like cardboard, require testing and evaluation.

A project can still be educationally successful even when the final artefact is
imperfect.

To o Do o Io

o

Done is often better than having the perfect artefact

12.3 Another real story of failure -success

A 5 .
%\ A word on operational failures

¢}

Within the framework of an Erasmus+ project, a school decided to do something practical
and ambitious: to build a makerspace that did not require its own dedicated room. Instead
of a fixed space, they created a mobile one. The concept was straightforward but powerful.
A carefully selected set of tools: electronics kits, microcontrollers, crafting materials, and
small fabrication equipment. These were organised into a transportable unit that could be
wheeled from classroom to classroom (the STEAM2GO Erasmus+ project initiative).

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 131


https://www.steam2go.pl/

D5.1 GUIDEBOOK REAL STORIES FROM THE FIELD

The mobile makerspace was designed to serve two distinct purposes: 1. To support
classroom-based teaching, brought in when a teacher wanted to enrich a lesson with hands-
on making activity. 22 To power the school 6s after noyi
and gave interested students time and tools to carry out their own projects.

The first challenge arrived quickly, and it was entirely predictable. When the ICT teacher
approached colleagues about integrating it into their lessons, most of them hesitated. The
school curriculum was tight. There were topics to cover, assessments to prepare for, and
schedules that left little room for experimentation. Teachers who were sympathetic to the
idea of making still worried about the practical cost: time. To introduce the makerspace into
a lesson felt, to many, like a subtraction from the curriculum rather than an addition to it.

The ICT teacher made a decision that turned out to be exactly right. Rather than continuing
to push for classroom integration, she invited colleagues to something lower-stakes: the
afternoon STEM Club. The logic was simple. In the club, there were no curriculum
constraints, no assessment pressures, and no risk of falling behind. Teachers could watch
the makerspace in action, see how students responded, and experience its value firsthand
without any of the cost they feared. Not every teacher who was invited accepted. But three
did. And those three teachers, having seen what making looked like in practice, developed
genuine interest.

With more teacher involvement came more energy, more ideas, and more promotion of the
STEM Club across the school. The afterschool club, which had typically enrolled around 14
students, began to grow, welcoming nearly 27 students.When the numbers grew, the
equipment did not grow with them. There were not enough kits for every student to work
individually. There were not enough consumables (the wires, components, adhesives, and
materials that making actually requires) to sustain double the output.

Success, it turned out, came with consequences nobody had planned for.

The pegboards that had once held neatly organised tools began arriving each week a little
emptier. Drawers that should have held components were left half-stocked, then unstocked
entirely. Consumables (wires, connectors, adhesives, the small, unglamorous items that
making actually depends on) ran out faster than anyone had tracked. More than once, a
club session ground to a halt mid-project because nobody had checked, until that exact
moment, whether there were still enough LEDs or jumper wires to go around.

The ICT teacher found herself making increasingly frequent trips to local electronics and
hardware stores, often the evening before a session, sometimes the same afternoon. The
problem had a simple name once someone said it out loud: there was no procurement
policy. Materials had been bought once, at the start, with no plan for what would happen
once usage doubled.

A Costly Shortcut
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Before arriving at a real fix, the school tried a quicker one. With consumables running short
and new projects needing parts, staff made the decision to dismantle some of the artefacts
students had already completed, reclaiming motors, sensors, and components so other
students could keep working. On paper, it looked efficient: nothing was being thrown away,
and the parts found a use.

In practice, it cost something harder to replace than wire or LEDs. Students returned to find
that something they had built, in some cases something they were proud enough to show
their families, had been taken apart without their knowledge. Trust took a visible hit, and the
sense of ownership that had made the STEM Club feel meaningful in the first place was
undermined just as it was starting to take root.

Closing the Gap

The fix was not complicated, once the problem was named. The school began treating
purchasing as seriously as it treated scheduling. A small, dedicated budget line was set
aside for consumables, separate from one-off equipment costs. Stock was checked
regularly against a simple reorder threshold, so materials were reordered before they ran
out, not after. Where it made sense, supplies were bought in reasonable bulk rather than
just-in-time, since shipping and per-order costs had quietly made small, frequent purchases
the more expensive habit.

It took roughly three months of disruption, missed sessions, improvised substitutions, last-
minute runs to the shops, before the new rhythm settled in. By the end of that period, the
STEM Club was running as smoothly as it had before its growth spurt, only now backed by
a purchasing policy built for 27 students rather than 14.

Lessons Learned

6 Growth in participation is not free; success creates its own operational pressure, and
supply needs have to scale with it.

6 A procurement policy is not a bureaucratic afterthought; it is what allows a
makerspace to survive its own popularity.

6 Consumables deserve the same planning attention as equipment, since they are
what actually gets used up week to week.

6 Reclaiming materials from finished student work, even with good intentions, can cost
more in trust and ownership than it saves in consumables, the resource gap should
be solved upstream, not necessarily by undoing what students already built.

6 Visible warning signs: empty pegboards, half-stocked drawers are early signals
worth acting on before they become full disruptions.

12.4 Reading these stories together
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Taken together, these three stories show that a makerspace can fail in distinct ways, and that
each kind of failure asks something different of the people running it. The Athens story is an
organisational failure: the makerspace disappeared because no one had built a plan for surviving
disruption, and the response was structural, rebuilding access in a new form rather than restoring
the original room. The solar car story is an inherent failure: a project failed in the way maker
projects are sometimes expected to fail, mid-build, under deadline pressure, and the right
response was not to prevent it but to let the students work through it and learn from the process.
The STEAM2GO mobile makerspace story is an operational failure: success itself outpaced the
systems meant to support it, and the fix was procedural, a better procurement policy, learned
partly through a misstep that shouldn't be repeated. None of the three stories end with the
makerspace shutting down. In every case, the failure became visible, was named honestly, and
led to a concrete change, in policy, in planning, or in practice, that left the makerspace stronger
than before.
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13. Your Roadmap to Establishing a Makerspace

This chapter compresses the whole guide into a single, sequential path. It does not replace the
chapters; those contain the depth you will need. It does give you a step-by-step structure to follow
over roughly eight to ten months: from the first conversation to a maker space that is integrated,
safe, and sustainable.

The roadmap is built around seven stages . Each stage has a typical duration, a small set of
milestones, one or two deliverables, and a teacher checklist you can copy into your own planner.
Most schools complete stages 1-4 in their first semester, run their first pilot in stage 5, and reach
the embedded operations of stages 6-7 by the end of year one.

= =)
- © Sspark and Case 2-3 weeks

! © Readiness Audit and Stakeholders 3-4 weeks

ﬂ © Design and Procurement 4-6 weeks

- @ Build, Equip, and Induct 3-4 weeks

o First Pilot: Run, Observe, Adjust 2-3 months

n o Embed, Expand, and Document One semester

SUSTAIN o Sustain, Scale, and Share Continuous from year 2

Figure 9: Visual Roadmap

Stages overlap in practice. Treat the duration columns as guides, not deadlines. Some schools
sprint through stages 1 -3 in five weeks; others take three months. The goal is to never skip a
stage, not to hit a particular date. The sections that follow go into each stage in detail.
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13.1 Stage 1: Spark and Case

Every maker space starts with a teacher who thin
thought into a two -page case that the principal and one or two colleagues can support.

Spark and Case

Milestones
A Identify the trigger: a curriculum gap, a TAME pilot invitation, a
student request, a leadership initiative.
A Sketch the first vision : model (corner/ mobile / lab), main
subjects, age groups, target reach.
A Get informal buy -in from at least one colleague and one school

leader.
Deliverables
1 A A two-page case document (problem, proposal, reach, cost
ballpark, risks).
Approx. 2i 3 A Three named allies : one teacher, one leader, one external
weeks supporter (parent, alumnus, or partner).

Teacher checklist

A Draftaone-par agraph fAwhy this roomo

A Visit (in person or online) one other school that runs a maker
space, even briefly.

A Walk your school and identify the two or three candidate spaces.

A Estimate a first cost ballpark using Appendix 4.

A Get the principal's verbal agreement to proceed to a feasibility
audit, written approval comes later.
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13.2 Stage 2: Readiness Audit and Stakeholders

Stage 2 is the cold-eyed audit: where exactly will the room go, who exactly is on board, what
exactly will it cost, and what constraints have we been pretending don't exist?

Readiness Audit and Stakeholders

Milestones
A Readiness audit completed (space, infrastructure, staff, budget,
culture).
A Needs analysis signed off by leadership; clear implementation
profile.

A Risks and constraints logged and accepted, not hidden.
Deliverables

A A two-page readiness audit including a photograph of the
candidate space and a checklist of physical constraints (see
Chapter 3.1).

A A needs-analysis summary: model type, priority use cases,

Approx. 3-4 mitigation plan for top three constraints.

WEELS

2

Teacher checklist
A Conduct the 60-minute walk-through with two colleagues (Chapter

3.1).

A Photograph the candidate space from all four corners and from the
door.

A List three real constraints and what design choices they imply.

A Survey 5-10 colleagues with a short, anonymous reading of interest
and concern.

A Run the persona test: which of Helena / Marco / Sofia / Daniel /

Maria (Chapter 11) describes your biggest worry?
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13.3 Stage 3: Design and Procurement

Now the abstract becomes concrete: layout, equipment list, suppliers, budget approvals, and the
first shopping order. The temptation in this stage is to over-buy; resist it.

Design and Procurement

Milestones

A Floor plan drafted with marked-tape zoning (section 4.2) tested in
the actual space.

A Equipmentlist fi nal i sed at fstarter?o

A Three written supplier quotes  received and compared.

A Funding plan confirmed - capital line, recurring line, partnership
commitments.

A Purchase order placed.

Deliverables

A A floor plan (hand-sketched is fine) showing workstations,
storage, and collaboration zone.

3 A A starter equipment list  with quantities and per-line costs.
A Afunding plan showing capital, recurring, and contributions, with
Approx. 4 -6 named sources.
weeks A Arisk register with three top risks and mitigations.

Teacher checklist

A Tape the zones on the floor for one lesson and walk students
through.
Email three suppliers for written education quotes (Chapter 5.4).
Cross-check the list against Appendix 4 (low-budget scenario).
Apply for at least one external funding source (parents'
association, municipality, micro-grant).
Confirm a recurring consumables line  before ordering capital
items.
Get written purchase approval from leadership before placing
the order.

Do Do Do Do D
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13.4 Stage 4: Build, Equip, and Induct

Gear arrives. The room exists. The first inductions are run. The single most common mistake at
this stage is opening the door before routines exist

Build, Equip, and Induct

Milestones

A Physical setup complete: workstations, storage, signage, safety
equipment.

A Routines documented : opening, closing, booking, cleanup,
incident reporting.

A Safety induction delivered to first cohort of students and trained
colleagues.

A Tool-licence system in place if appropriate.

A Soft launch: a single, low-stakes session before public opening.

Deliverables

A Photo -documented reset state for every drawer, cart, and
pegboard.
4 A Three-minute closing routine  taped to the inside of the door.
A Two-page tool cheat sheets for each major tool.
A Safety poster co-designed with students and displayed at the
door.
A Booking sheet on the door or in a shared calendar.

Approx. 3 -4
WEELS

Teacher checklist

A Photograph every storage element in its reset state: back of
drawer.

A Write the opening and closing routines  on one A4 sheet.

A Run at least one safety induction session  before any student
touches a tool.

A Train at least one colleague on every tool; never be the sole
expert.

A Soft-launch with a friendly group (one club, one class) before any
formal opening.

A Walk the room with a critical visitor, a colleague or technician, and
fix what they flag.
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13.5 Stage 5: First Pilot  Run, Observe, Adjust

The room is open. The pilot is running. This stage is about disciplined observation : what is
working, what is breaking, what students are actually doing, and what is being quietly forgotten.

First Pilot: Run, Observe, Adjust

Milestones

A Pilot launched in at least one timetabled class and one club.

A Mid-pilot review to adjust what is not working.

A Incident log maintained every near-miss documented and
discussed.

A Photo and quote archive built at least one image and one student
guote per session.

A End-of-pilot reflection with all involved teachers and students.

Deliverables

A A photo gallery of at least 30 images.
A Anincidentlog with three columns: what happened, what caused

5 it, what we changed.
A An end-of-semester report (one page) to leadership and
Approx. 2-3 partners.
months A Arevised activity library  of at least 5 short lessons (1 hour each).

Teacher checklist

A Take at least one photo every session (not staged real work).

A Hold a 90-second safety stand -up at the start of each session.

A Run a mid-pilot retro with all involved teachers what to keep,
drop, adjust.

A Track time-to-reset at the end of each session; if it grows past 5
minutes, fix the routine.

A Send a two-paragraph monthly update to parents and
leadership; keep visibility high.

A Refuse the temptation to add new tools this semester, finish
learning what you have first.
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13.6 Stage 6: Embed, Expand, and Document

Stage 6 turns a successful first pilot into a regular part of the school . The makerspace stops
being a fAprojecto and becomes an Aoperationo. T
embedding is much harder than opening.

Embed, Expand, and Document

Milestones

A Curricular integration:  at least 3 subjects use the room regularly.

A Co-host network: at least 3 colleagues comfortable running
independent sessions.

A Student leadership: at least 4 student tech captains or safety
monitors.

A Documentation system: activity library, cheat sheets, safety
poster, photo archive.

A Open day held with parents and community.

A External partner engagement:  at least one industry, alumni, or

community contribution.

Deliverables
A An expanded activity library  (15+ short sessions across 3+

6 subjects).
A A Continuous Professional Development (CPD) pathway
Approx. one document for new colleagues (a 30-minute onboarding + a two-
school page cheat sheet per tool).
semester A A stakeholder evidence pack: one page: reach, integration,
partners, costs.
A An open-day report with attendance, photos, and three quotes.

Teacher checklist

Schedule a co-host pair -up for every project.

Hold a CPD afternoon for any colleague who wants to learn the
room.

Add student leadership roles: captains, monitors, materials
managers.

Run one public open day per semester.

Engage at least one external partner this semester: industry,
alumni, library, or municipality.

Refresh and reprint the evidence pack: this is your insurance
against leadership change.

Do Do Do Do Do
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(- TIP ZONE

Write the evidence pack while you donbd

The evidence pack is most useful exactly when you have no time to write it, during a
leadership transition. Write it now, when you have nothing to fear. Update it once a term.

13.7 Stage 7: Sustain, Scale, and Share

The maker space has been running for a year. It is part of the timetable, part of the budget, part
of the school's identity. From here, the questic
work?o06 to Ahow do | make this | ast and grow?o.

Sustain, Scale, and Share

Milestones

A Annual budget includes capital, consumables, maintenance, and
CPD lines.

A Multi -teacher capability: no single person is irreplaceable.

A External recognition: at least one award, grant renewal, or
external showcase per year.

A Network membership: Fab Lab Network, Scientix, European
Schoolnet, or equivalent.

A Outreach: partnership with a neighbouring school, a primary
school, or a community group.

A Continuous evaluation: a yearly review with student and teacher

7 feedback.

Deliverables
Continuous A Avyearly operating plan  with named owners for each line item.
from year 2 A A scaling proposal for the next stage (new equipment, new club,

new subject).
A A partner portfolio with three named external relationships and
what each contributes.

A An annual reflection memo (one page) shared with staff,
leadership, and partners.

Teacher checklist
A Apply for at least one external grant or programme  per year
(Erasmus+, Horizon Europe, national STEM funds).
A Send a delegation to one maker -education event per year; bring
back two ideas to try.
A Mentor one partner school through their own stages 1-4.
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A Run a yearly evaluation with students and teachers; keep, drop,
adjust.

A Refresh the safety induction annually; complacency is the failure
mode.

A Identify and train a successor for your coordination role; single
points of failure kill mature spaces.

13.8 Quick visual roadmap

Use the following visual roadmap as an orientation guide: whenever the details start to blur, come
back here to find your place.

£33 &3
. € spark and Case 2-3 weeks

n © Readiness Audit and Stakeholders 3-4 weeks

© Design and Procurement 4-6 weeks

- @ Build, Equip, and Induct 3-4 weeks

ﬂ e First Pilot: Run, Observe, Adjust 2-3 months

ﬂ o Embed, Expand, and Document One semester

SUSTAIN o Sustain, Scale, and Share Continuous from year 2

Figure 10: Visual Roadmap
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14. Key Takeaways: A Single -Page Summary You
Can Pin to the Wall

This section collects the recurring lessons of the previous ones.

On the room itself

A

A

A

A

The room is defined by the learning it hosts, not the gear it owns. A cardboard corner
with a clear pedagogy beats a half-empty fab lab.

Start with the smallest credible version. A storage closet, one club, one semester.
Earn the right to scale.

Square metres matter less than visibility, ventilation, and storage. Find a room you
can supervise and store. Anything else is fixable.

Zone first, equip second. Tape on the floor for a week before you order furniture.

On safety

A

A

Safety is a routine, not a poster. The visible artefacts are the goggles basket, the
licence cards, the 90-second stand-up.

Co-design rules with students.  They police what they have written.

Two trained adults for any session involving heat, power, or fabrication tools. No
exceptions.

Treat near-misses as gold. A 10-minute non-punitive learning circle is your most
valuable CPD session of the year.

PPE (Personal Protective Equipment ) at the door, not in the lockers.

On people

A

A

A

A

A

You cannot scale a hero. Recruit a co-host early, document everything, and step back
deliberately.

Add a second slot to broaden who participates. Don't replace the first; expand the
defaults.

Build a CPD (Continuing Professional Development) pathway : a 30-minute walkthrough
+ a two-page cheat sheet per tool. That is the threshold for a credible new co-host.
Make student leadership visible.  Tech captains, materials managers, safety monitors.
Names on bins.

Recruit your successor in year two.  Single points of failure kill mature spaces.

On operations

o To To I

Photograph the reset state. A photo on the back of a drawer prevents 80% of clutter.
Pegboard silhouettes make missing tools visible from across the room.

A 3-minute closing routine  should end every session.

A monthly scrap audit prevents the scrap bin from becoming permanent storage.
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A Booking sheets exist from day one , retrofitting them after conflicts is much harder.

On community

A Invite parents to witness before asking them to give. Trust precedes resources.
A A boring monthly newsletter beats no newsletter. Two paragraphs, three photos, 30
minutes.

A One open day per semester is the minimum.  Visibility is a calendar, not a hope.
A Make one partnership ask per term. A portfolio of allies grows in two years.

On leadership and survival

A Leadership change is your biggest organisational risk. Write the one-page evidence
pack now.
A Embed the makerspace in school policy and the annual budget. Goodwill is not a

funding source.

On money
A Capital without recurring funding is a slow failure. Plan year two before you spend
year one.
A 01,500 with a coordinat or Mbneyigrarelydhd Bottlinéck. wi t h o
A Askintranches. Small wins are easier to fund and faster to evidence.
A Always request written education quotes. Suppliers have unadvertised pricing.
A Diversify funders. Parents, municipality, industry, EU, school budget. No single source.

On failure

A Three kinds of failure exist : organisational, operational, and inherent in the making. The
first two are about the system. The third is the point.

A Grade the process, not the artefact. A team that learned why their artefact failed is a
team that builds engineering skills.

A Share your failures publicly.  The community grows by what we are willing to say out
loud.
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Appendices

Practical Tools You Can Use

The appendices collect the printable, copy-able, and adaptable working documents that support
the main chapters. Treat them as starting points, not finished templates: each is meant to be
modified to fit your school.

Appendix 1: Sample Floor Plan

This appendix provides an indicative layout for a full school makerspace. This example is not a
prescriptive blueprint, but an adaptable reference model that schools can adjust based on their
available space, resources, and pedagogical goals. The total area is 120 m2,

Suggested layout: advanced implementation

Suitable for: Upper secondary schools or advanced implementations.

Key zones:

A

A
A
A
A
A

Digital fabrication zone : 3D printers, laser cutters (with ventilation).
Electronics and Robotics zone : dedicated benches with power and devices.
Crafting / prototyping zone : large worktables for building projects.

Storage and materials zone : secure and categorised storage.

Collaboration and presentation area : whiteboards, display space.

Teacher / control area : overseeing all zones.

k]
Storage

Digital Fabrication
Station

Robotics
station

Collaborative

Relaxing

Zone
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This |l ayout demonstrates an opti mal spati al gr a
Space, Rel axi ng ezdhneh)eatvy o lziogples ( Di gi t al Fabri c.
walls for high-density power connections (Electronics, Robotics) and a centralized storage core,

the central floor remains dynamic and reconfigurable. The Digital Fabrication room is isolated to

contain machinery acoustics and micro-particles.

The different stations are mainly subdivided with floating walls, allowing flexible spatial set-up.
The partition wall between the Digital Fabrication station and the storage area is partially made
of glass to permit the instructor an unobstructed line of sight into the machinery zone from the
centralized storage and teacher hub.

For maximum safety, doors serving high-density machinery zones (such as the Digital Fabrication
Room) should swing outward in the direction of the exit to facilitate rapid evacuation during an
emergency. To prevent outward-swinging doors from creating a collision hazard in adjacent main
transit corridors, designers should either recess the doorway into a pocket niche or install a high-
visibility vision panel in the door leaf.

Type of Space/ Zone Minimum Area required Position/location
Dlglt'al Fabrication 15-20 m? Preferably in a ventilated
Station separate room
0 Desktop 3d printer 0 0.6m x 0.6m (buffer zone
0 Medium Size laser 0.3m)
cutter 0 1.2m x 0.9m (buffer zone 1m
0 Computer in front, 0.5 behind)
Workstation 0 1.0mx0.8m
Electronics station 6-8 m2 Preferably in the perimeter

of the room

0 Wooden table
affording 2 students
*Pegboards over the tables
Storage racks next to tables

60 0.8mx1.8m

Robotics station 6-8 m? Preferably in the perimeter
of the room
A Wooden table
affording 2 students
*Pegboards over the tables

Storage racks next to tables

A 0.8mx1.8m

Crafting and Prototyping 12-15 m2

0 Wooden table

affording 4-6 0 1.2mx1.8m
students 0 0.4mx1.5m
0 Storage space/racks
Collaboration Zone 15-20 m2

60 Wooden tables with

0 0.7mx0.7m
wheels

Storage Room 47 6 m?
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Relaxing zone 371 4m2

Design principles:

A Separation of high-risk and low-risk areas.
A Strong infrastructure (power, ventilation).
A Support for long-term and complex projects.

General layout guidelines

A Visibility : teachers should have a clear line of sight across all zones.

A Safety: maintain clear pathways and safe distances between work areas; mark first aid
stations, extinguishers, and fire blankets on the plan, with access kept unobstructed.

Accessibility : ensure all students can access tools and materials.
Flexibility : use modular furniture to adapt layouts.
Zoning clarity : define areas through furniture, labels, or colour coding.

Compliance: design layouts with safety regulations and audits in mind (e.g., clear egress
routes, signage).

To I To I

How to use this floor plan

Select a layout that matches your space and resources.

Adapt zones based on intended activities and equipment.

Start simple and refine the layout based on experience and feedback.
Identify areas to place safety equipment

o To Io I

Appendix 2: Equipment Lists (Basic to Advanced)

This appendix provides indicative equipment lists to support schools at different stages of
maker space development from low -budget starter setups to advanced maker labs . The lists
are aligned with the core domains of the TAME project: electronics, robotics (DIY approach),
and digital fabrication , complemented by essential craft and prototyping tools. The lists are
modular and scalable .

A. Basic setup (low -budget / starter level)

Suitable for: maker corners, mobile Kits, first pilot phase implementation.

Craft and prototyping
A Scissors (age-appropriate), box cutters.
A Glue sticks and low-temperature glue guns.
A Tape (masking, duct), string, rubber bands.
A Cardboard, paper, recycled materials.
A Rulers, measuring tools.

Electronics (introductory)

A Battery holders and AA batteries.
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LEDs, resistors, buzzers.

Basic wiring kits.

Breadboards (optional).

Simple circuit kits (e.g., snap circuits or paper circuits).

To o o To

Robotics (DIY entry level)

A Simple motors (DC motors).

A sensors

A Wheels and basic mechanical parts.

A Cardboard or recycled materials for robot structures.

A Micro- controllers (e.g., makey-makey, micro:bit).
Digital fabrication (alternative low  -tech)

A Access to free design software.
A Manual prototyping tools (cutting mats, rulers).

B. Intermediate setup (developing maker space)

Suitable for: schools expanding capacity, regular curriculum integration.

Craft and prototyping

A Full set of hand tools (pliers, screwdrivers, clamps).
A Cutting mats and precision tools.
A Expanded materials (wood sheets, plastics, textiles).

Electronics

A Microcontrollers (e.g., Arduino, micro:bit - multiple units).
A Sensor kits (light, temperature, motion, distance).

A Actuators (motors, servos, LEDs).

A Breadboards, jumper wires, connectors.

Robotics (DIY modular systems)

A Motor drivers, sensors and control boards.
A Structural components (modular frames, 3D-printed parts, recycled materials).
A Power systems (battery packs, chargers).
A Programming environments (block-based and/or text-based).
Digital fabrication

A Entry-level 3D printer .
A Filament materials (PLA or similar).
A Basic CAD software (free or educational licences).

C. Advanced setup (full maker lab)
Suitable for: schools with established maker programs and advanced projects.

Craft and prototyping
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A Advanced hand tools and workshop tools.
A Specialised materials (acrylic, plywood, textiles, composites).

Electronics

A Advanced microcontrollers and development boards.
A 10T modules (Wi-Fi, Bluetooth).

A Expanded sensor libraries.

A Soldering stations and accessories.

Robotics (DIY advanced systems)

A Advanced motor systems (stepper motors, servo systems).
A Custom chassis construction (3D-printed or fabricated parts).
A Integration with sensors and communication modules.

Digital fabrication

A Multiple 3D printers (higher precision or multiple materials).
A CAD/CAM software.

D. Safety equipment (all levels)

Safety goggles.

Protective gloves (where appropriate).

First aid kit.

Fire extinguisher.

Ventilation solutions (depending on equipment).

To o Do Do I

E.

w

upporting digital tools

Laptops or tablets (shared or dedicated).
Internet access.

Software for programming (e.g., block-based tools, Arduino IDE), design (CAD tools), and
documentation and collaboration.

To To I

F. Organizational and storage equipment

A Storage bins and labelled containers.
A Shelving units or cabinets.

A Tool boards (pegboards).

A Mobile carts (for flexible setups).

Guidelines for use

Start with the basic setup and expand gradually.
Prioritise versatile and durable tools
Ensure alignment with learning objectives and student age groups

o o To Io

Combine low -tech and high -tech tools for balanced learning experiences.
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Appendix 3: Safety Checklists

APPENDICES

This appendix provides practical safety checklists to support teachers and schools in
maintaining a safe, well -organised, and compliant maker space environment . The checklists
are designed to be actionable and easy to use , supporting daily routines as well as periodic
reviews. Schools are encouraged to adapt these checklists to their specific context and integrate

them into their operational procedures

A. Daily safety checklist

Before activities

J

J

Workspace is clean, organised, and free of hazards.
Tools and equipment are in good condition.
Required materials are prepared and safely stored.
Safety equipment (e.g., first aid kit) is accessible.

Students have received appropriate instructions for the activity.

During activities

J

Students follow safety rules and procedures.
Appropriate supervision is maintained at all times.
Tools are used correctly and for intended purposes.
Work areas remain organised (no clutter or spills).

Anyone can report unsafe behaviour; immediate action follows.

After activities

J

Tools are cleaned and returned to designated storage.
Materials are properly stored or disposed of.
Workspaces are cleaned and reset.

Any damaged or missing equipment is reported.

Equipment is turned off and safely secured.

B. Weekly / periodic safety inspection checklist

J

J

J

All tools and equipment inspected for wear or damage.
Electrical systems (cables, plugs, devices) checked.
Digital fabrication tools cleaned and maintained.
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J Storage areas organised and clearly labelled.

J Consumables stock levels reviewed.

Safety signage visible and up to date.

[ TR

Emergency exits and pathways clear.

J Ventilation systems functioning properly.

C. Tool -specific safety checklist
Hand tools

J Tools are appropriate for student age.
J No broken or damaged tools in use.

J Cutting tools used with mats and proper technique.

U Tools that require sharpening, they should be sharpened as dull tools require more
force and increase the risk of injury.

Electronics

J Low-voltage systems used.
J No exposed wires or faulty connections.
J Power disconnected when assembling circuits.

Robotics (DIY systems)

J Structures are stable and securely assembled.
J Moving parts protected or clearly marked.
J Systems tested in controlled areas.
Digital fabrication
J Machines operated only by trained users.
J Protective enclosures in place.
J Ventilation functioning during operation.

J Machines not left unattended.
D. Student safety compliance checklist

J Students understand and follow safety rules.

J Students use tools responsibly.
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J Students wear PPE where required.
J Students report hazards or issues immediately.

J Students maintain a clean and organised workspace.
E. Emergency preparedness checklist

J First aid kit available and fully stocked.
J Fire extinguisher accessible and inspected.

Emergency contact information displayed.

[ TR

Teachers know emergency procedures.

J Students aware of basic emergency actions.

How to use these checklists

J Print and display key checklists in the maker space.
J Use them as part of teacher routines and training
J Adapt them for different age groups and activity types.

J Integrate them into school safety policies and documentation
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Appendix 4: Low -Budget Starter Scenario for TAME Pilots

This scenario provides a cost -effective and operationally realistic budget model tailored to
the TAME pilot structure:

A 5 classes per school during the 3 pilot rounds total (for instance 1 class in 1% round, 2
classes in 2" round, 2 classes in 3" round).

A 20 students per class 5 teams (of 4 students).

A 5 maker projects per class.

A Total per school in 3 pilot rounds totally: 25 teams / 25 projects.
The scenario assumes that each team completes one maker project , equipment is shared and
reused across classes , and emphasis is placed on DIY robotics, electronics, and low  -cost
prototyping .

A. Budgeting logic

Provide 10 team kits (one per team assuming you run 2 classes at the same time)
Plan consumables for 25 total projects .

Use modular, reusable components

Minimise reliance on expensive equipment (e.g., no mandatory digital fabrication tools).

o o o Io

B. Equipment & materials budget (per school)

1. Reusable team kits (10 kits total)

Each kit supports one team and is reused across all 5 classes.

Category Unit co|Tot al
(Approx.)

Electronics Microcontroller (e.g., micro:bit /) 10 25 250
Electronics Arduino 10 30 300
Electronics Sensor kits (basic set) 10 40 400
Electronics Breadboards + jumper wires 10 10 100
Robotics Motors + wheels + drivers 10 20 200
(DIY)

Robotics Structural materials (reusable mix) = 10 25 250
(DIY)
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b

Subtotal Reusable kits 1500

2. Consumables (for 25 projects / 25 teams)

Craft materials Cardboard, paper, tape, glue 150
Electronics LEDs, resistors, wires, connectors 100
Robotics Replacement parts and connectors 80
Miscellaneous Fasteners, adhesives, small parts 70
Subtotal Consumables 400

3. Tools & shared equipment

Hand tools Scissors, cutters, pliers, screwdrivers 120
Glue tools Glue guns (low-temp) + glue sticks 80
Measuring tools Rulers, cutting mats 60
Storage Boxes, bins, labelling system 100
Subtotal Tools & storage 360

4. Safety equipment

First aid kit 50
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Safety goggles (set) 80
Basic PPE (gloves, etc.) 40
Subtotal 170

C. Total estimated budget (per school)

Reusable kits 1500
Consumables 400

Tools & storage 360

Safety 170

TOTAL a 02430

This scenario ensures that all 25 teams complete one meaningful maker project each, schools
operate within a low-budget framework and implementation is feasible, scalable, and aligned with
TAME objectives. It demonstrates a key principle of maker education: high -impact learning
does not require high -cost infrastructure, but thoughtful design and resource
management.

Important note: The prices listed in the tables above, represent average figures based on
internet research conducted between April and May 2026. Actual prices may vary depending on
your country of residence, supplier, and market conditions at the time of purchase, and should
therefore be treated as indicative rather than exact.
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Appendix 5: Medium Build -digital fabrication focus

A medium-tier makerspace with a digital fabrication focus represents a significant step up in
capability without requiring a full workshop-level investment. This build is particularly well suited
to schools that have outgrown a starter setup, are preparing a grant application, or are making a
formal case to school administration for a dedicated makerspace.

The three core tools, a laser cutter, a vinyl cutter, and a 3D printer together cover the essential
digital fabrication workflow: design, cut, and print. They support a wide range of student projects
across multiple year groups and curriculum areas, and provide a credible, future-proof foundation
for further expansion.

Core equipment

Equipment Useful notes Approximate cost

Small-medium sized laser cutter a1, 25@
with filtration unit. 401 60W enclosed COFlaser suitable
for wood, acrylic, cardboard, leather,
Some models have optional fire and engraving.
prevention accessories available.
Diode lasers are smaller, portable
Some packages come with rotary  and can cut most items, but cannot

attcf:lchments for engraving cut or engrave clear glass or clear
cylinders (waterbottles, pens, acrylic. They can engrave small
etc.). items much faster than the COF

however the tradeoff is increased
cutting time for thicker materials.

Vinyl (stickers, records, or items
containing vinyl) should never be cut
on lasercutters, as it gives off harmful
gasses.

Small Vinyl cutter Used for stickers, signage, heat- U 3 5500
transfer vinyl, paper crafts, and
introductory digital fabrication
projects. Some models can also cut
thin wood veneer, leather and other

materials.
FDM 3D printer U 5 510600
3D printers continue to decrease in
+ Filament Drying Unit cost while increasing in capability.
+ Filament Drying Models from established
Accessory manufacturers are recommended

due to warranty coverage, technical
support, and training resources.

Multi-material systems are
increasingly common and can enable
multi-colour printing, support
materials for complex geometries,
and the combination of different
material properties within a single
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Equipment Useful notes Approximate cost

(Optional) Resin Printer with UV
curing and wash station

Consumables & materials (year
1)
+ *PLA 3D Printer Filament
+ Vinyl Rolls/sheets for

Vinyl Cutter

+ Laser-safe Plywood for
lasercutter

+ Laser-save Acrylic for
lasercutter

+ Additional nozzles for 3D
printer

Optional:

+ UV Resin (plant-based)
for Resin Printer

+ Extra FEP Films for resin
printer

+ Nitrile Gloves for
resin/print handling

Indicative total budget range
for the digital fabrication
structure:

Important note:

print. These systems are often
available as optional upgrades.

Filament drying equipment may be
required to maintain filament quality
and reliability, particularly in
environments with elevated humidity
levels, even when operated indoors.

Resin Printing is optional and should b« U 3 5500
in addition to an FDM printer, not as a

substitute to.

WaterSuluable resin is recommended |
it is easier to remove supports with anc
costs less to use vs resin that uses IPA
clean.

In addition, plantbased (soybean) resin
are available which are netoxic.

U1, 585300 peryear
Annual consumable costs should be
considered alongside equipment
purchases.

*FDM Filament rolls are
purchased in 1KG rolls,

t ypi c a20leagch. 0 1 &
Costs will vary depending on

programme intensity, participant

numbers, and the range of activities

offered.

Printer software can aggregate

usage data and often give projected
costs for each print.

43,1980 500.

The prices listed in the tables above, represent average figures based on

internet research conducted between April and May 2026. Actual prices may vary depending on
your country of residence, supplier, and market conditions at the time of purchase, and should
therefore be treated as indicative rather than exact.

What this build enables

Beyond a starter tier (see Appendix 4), this combination of tools opens up a qualitatively

different range of student work:

A Laser cutter: allows repeatable cutting and engraving of wood, acrylic, cardboard, and
other flat materials, making it possible to produce architectural models, enclosures,
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signage, and detailed engraved designs that would be slow or imprecise to create by
hand.

A Vinyl cutter: supports sticker design, stencils, fabric appliqué, and signage; projects
that combine graphic design skills with hands-on production, and often serve as an
accessible entry point for students less confident with 3D or CAD-based tools

A 3D printer: bridges digital design and physical prototyping; students can move from a
sketch or CAD file to a physical object they can hold, test, and refine, supporting
genuine design-iterate-improve cycles rather than one-off builds.

Together these tools support strong cross-curricular connections to art and design,
engineering, computing, and enterprise education.

101194869 - TA Maker Education - ERASMUS-EDU-2024-PEX-TEACH-ACA
Page 162



D5.1 GUIDEBOOK APPENDICES

Appendix 6: Safety Rules Poster (Display Version)

Print this on A4 and post it on the door, on the storage cabinet, and above any high-risk tool. Co-
design the wording with students for maximum buy-in.

MAKERSPACE SAFETY RULES

-
ﬁo Riways follow instructions

X Use tools only for their intended purpose

'.W; Wear protective equipment when required

ﬁ Keep your workspace clean and organised
® Do not run or engage in unsafe hehaviour
=3) Report any accidents or hazards immediately

;o Ask before using red-tier tools

@"J When in doubt, stop and ask
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Appendix 7: Glossary of Terms

This glossary provides definitions of key terms used throughout the guidebook, supporting a
shared understanding of concepts related to maker education, STEM practices, and maker space
implementation.

A

Arduino : an open-source electronics platform based on easy-to-use hardware and software,
widely used in education for physical computing and prototyping

B

Block -Based Programming : a visual programming approach where users create programs by
dragging and connecting graphical blocks instead of writing text-based code. It is widely used
in education to support beginners in understanding programming logic, sequencing, and control
structures without syntax complexity.

C

CAD (Computer -Aided Design) : software used to create digital models and designs that can
be used for prototyping and digital fabrication

Collaboration : a learning approach where students work together to solve problems, design
solutions, and build projects , often in teams.

Constructionism : a learning theory developed by Seymour Papert, emphasising that learners
construct knowledge most effectively by creating tangible artifacts

D

Digital Fabrication : the process of using computer-controlled tools (e.g., 3D printers, laser
cutters) to produce physical objects from digital designs

DIY (Do-lt-Yourself) : an approach where learners design and build their own solutions,
emphasising hands -on creation, experimentation, and problem  -solving .

E

Electronics (Educational Context) : the study and application of circuits, components, and
systems that enable interactive and programmable projects

F

Fab Lab (Fabrication Laboratory) : a small-scale workshop offering digital fabrication tools and
resources, often part of the Fab Lab Network.

Interdisciplinary Learning : an approach that integrates knowledge and skills from multiple
subjects to address complex, real-world problems.
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Iteration : the process of repeatedly improving a design or solution through testing, feedback,
and refinement.

IPA: Isopropyl Alcohol. It's commonly used to clean resin off 3D-printed parts (especially with
SLA/resin printers), to wipe down build plates between prints, and as a general cleaning agent
for tools and surfaces. It's flammable and should be used with ventilation, away from heat sources
or open flames.

M

Maker Education : an educational approach that emphasises learning through making
combining creativity, technology, and hands-on problem-solving.

Maker Space: a dedicated or flexible environment where students engage in designing,
building, and experimenting  using tools and materials.

Micro:bit : a compact, beginner-friendly microcontroller (specifically the BBC micro:bit) designed
for education. It includes built-in sensors, LEDs, and wireless capabilities, and can be
programmed using block-based or text-based environments, making it ideal for introducing
students to coding and physical computing

Microcontroller : a small programmable device (e.g., Arduino, micro:bit) used to control
electronic systems in interactive projects

P

Project -Based Learning (PBL) : a teaching method where students learn by actively engaging
in extended projects that address real-world challenges. In this guidebook, PBL refers exclusively
to Project-Based Learning. Note that the same abbreviation is sometimes used in the literature
for Problem-Based Learning, which is a different approach.

Pegboard: a perforated board used for organizing and hanging tools or objects

R

Robotics (DIY Approach) : refers to the design, construction, programming, and customization
of robotic systems using accessible tools, materials, and technologies in a hands-on, maker-
oriented learning process.

S

STEM / STEAM: educational approaches integrating Science, Technology, Engineering, and
Mathematics (STEM) , with Arts (STEAM) added to promote creativity and design.

Safety Protocols : structured guidelines and procedures to ensure safe use of tools, materials,
and environments.

T

Team-Based Learning : A pedagogical strategy where students work in small groups to
collaborate, share responsibilities, and solve problems together

V
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VOC: stands for Volatile Organic Compounds. These are chemicals that evaporate easily at room
temperature and can be released as fumes during processes like laser cutting (especially of
certain plastics, MDF, or treated wood), 3D printing (particularly with ABS or resin), and even
from some adhesives or cleaning agents like IPA itself.

Appendix 8: Further Reading and Resources

A curated set of references (last accessed June 2026) for teachers and school leaders who want
to go deeper.

Foundational books on Maker Education

MINDSTORMS . .
Papert, S. (1980) Mindstorms: Children, Computers, and

Children, Computers, Powerful Ideas \New York: Basic Books, Inc
and Powerful Ideas

A seminal work introducing constructionism , the

theoretical foundation of learning through making.

SEYMOUR PAPERT

Basic Books, Inc, Publishers | New York

CONSTRUCTIVIST Valente J. A. & Blikstein P. (2019) Maker Education:

FOUNDATIONS Where Is the Knowledge Construction? Constructivist
! : Foundations 14(3): 2521 262. Available at

m ! https://constructivist.info/14/3/252.valente

i

onstructionism'ang=

C mpulanunaIThmkg =

Sylvia Libow Martinez & Gary Stager- Invent to Learn:
Making, Tinkering, and Engineering in the Classroom.
Publisher: Constructing Modern Knowledge Press, 2019

A highly practical guide for teachers implementing maker

b (Tiew* EXtaNDED 2 Eolnow education

Making, Tinkering, and
Engineering in the Classroom

Sylvia Libow Martinez
Gary Stager, Ph.D.
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Dale Dowgherty

The Maker Movement

Dale Dougherty (2012) Free to Make: How the Maker
Movement is Changing Our Schools, Our Jobs, and Our
Minds available online at: https://scispace.com/pdf/the-
maker-movement-3vyjidugvb.pdf

Dale Dougherty explores the philosophy and impact of
the maker movement in education and society.

Makerspaces, Innovation

and Science Education
How, Why, and What For?

Michael Tan

Maker Education Meets
Technology Education
Reflections

Remke M. Klapwijk, Jia

This book provides an overview to a range of theories in
science and technology that inform the different ways in
which makerspaces can be educative. Makerspaces are
an indispensable site for science, technology,
engineering, and mathematics (STEM) instruction and
pose novel risks and opportunities for STEM instruction.
Educators are likely to reach towards activities that have
a high degree of engagement, but this might result in
observations like 'it looks like fun, but what are they
learning?'.

https://doi.org/10.4324/9781351116220

The purpose of this book is to understand and analyze
the kind of informal and formal educational activities that
take place under the umbrella of the Maker Movement
and then relate this to the field of Technology Education
to uncover what researchers, innovators and teachers in
this field can learn from the principles, ideas and
practices that are central to the Maker Movement and
vice versa.

https://doi.org/10.1163/9789004681910

Practical guides and classroom resources

Makerspaces
in schools

Interactive Classroom Working Group (ICWG) of
European Schoolnet, Makerspaces in schools: Practical
guidelines (2020).

The guidelines have been based on research and
experiences observed and analysed in projects
conducted by the Italian Government's National Institute
for Documentation, Innovation and Educational Research
(INDIRE) in recent years. They were further informed by
desk research and the experiences of schools in nine
countries (Austria, Belgium, Czech Republic, Ireland,
Italy, Luxembourg, Portugal, Switzerland and Turkey) that
have created their own makerspaces as documented in
the case studies below, which are based on interviews
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with the schools' principals and teachers.
https://fcl.eun.org/makerspaces-practical-guidelines

(Makerspace) A guidebook about makerspaces revolving around two

basic questions: in a future world, what could schooling

Make rs pace look like? And how can Makerspaces shift how we think
about achievement?

Playbook
Makerspace Playbook: https://makered.org/wp-
content/uploads/2014/09/Makerspace-Playbook-Feb-
2013.pdf

Using time-tested tools from businesses as big as Toyota
and as small as the corner deli, you can improve the
safety, efficiency, and culture of your makerspace.
Frustrated by people getting hurt, tools lost or broken,
workspaces cluttered? It doesn't have to be that way.

Intentional Here are the tools and the framework to create a more
Makerspace: sustainable space, fully aligned with your mission and
OPERATIONS | guiding principles.

https://www.maker-works.com/operations-book

. _ - MIT Media i Maker Resources for K12 Educators
== MAKE https://k12maker.mit.edu/design-quide.html

Maker Resources for K-12 Educators

Home  Teacher D Create Prejects Maker Tosls

Makerspace Design Guide
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APPROACHES & PRECTICES ; MakerEd (2016) positions maker environments as
Thus far we've addressed the tangible aspects of creating a . . . .
makerspace: e physical space e, he toas and the mateials constructionist learning ecologies focused on playful,

Just as there are a myriad of environments that can enable and

encourage making, there are multiple mindsets and pedagogies ex p | orato ry | earn in g .

that can be applied to makersp:

https://makered.org/wp-content/uploads/2016/08/YMSPB-
Approaches-and-practices.pdf

YOUTH MakerEd (2015) Youth Makerspace Playbook was written
SSXYEBRSSQCE with a goal to help guide and inspire youth and makers
enthusiasts in crafting spaces that are reflections of the

youth  who will be benefiting from them
https://k12maker.mit.edu/uploads/9/7/5/8/97583140/youth
-makerspace-playbook_final.pdf

Maker Ed

Online platforms and communities

Instructables is a large online community and platform
where makers, educators, and hobbyists share step-by-
step guides for hands-on projects spanning electronics,
robotics, crafts, and more. For teachers, it serves as a
ready-made library of free, classroom-adaptable project
ideas complete with materials lists, photos, and
instructions contributed by makers worldwide. It can save
significant planning time and spark student inspiration by
connecting educators directly to a global community of
practitioners.

https://www.instructables.com/teachers/
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oo The micro:bit platform is a supportive community helping
educators build confidence with the micro:bit even if they
are new to coding or electronics.

https://microbit.org/teach/featured/

LR e e il |

Make (https://make.co/ ) is a leading platform and

M k - community dedicated to hands-on creativity, innovation,
a e- and maker culture. It offers a wide range of practical

L projects, tutorials, tools, and events that support learners,

educators, hobbyists, and experienced makers in

exploring technologies such as electronics, robotics,
fabrication, coding, and DIY design.

Utilizing a blend of online and in person opportunities for
engagement, MakerEd is a network around Maker
Education that offers:

MakerEd 0 Virtual workshops and trainings

Cultivated a network of educators on local,
regional, and national levels

O«

0 Freely available online resources and
publications

https://makered.org/

Project -based learning and pedagogy

ook e rom Eouesrion PBLWorks (Buck Institute for Education),
O k https://www.pblworks.org | guidance on designing and
P B LW r S implementing project -based learning , closely aligned

with maker education.

I This guide is for teachers. It explains how to design and
b run projects for students that begin with an enquiry and
end with a tangible, publicly exhibited product.

https://k12maker.mit.edu/uploads/9/7/5/8/97583140/teach
ers_guide to project-based learning.pdf
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Disclaimer:

Funded by the European Union. Views and opinions expressed are
however those of the author(s) only and do not necessarily reflect

those of the European Union or the European Education and

Culture Executive Agency (EACEA). Neither the European Union
nor EAC EA can be held responsible for them

This work is licensed under Creative Commons Attribution
ShareAlike 4.0 International. To view a copy of this license, visit
https://creativecommons.org/licenses/by -sa/4.0/

For more information and resources related to TAME project , visit:
https://tame.tlu.ee/
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