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if you ask 10 people what 

open science means…

openpeeps background image by Pablo Stanley from openpeeps.com, CC0 1.0



science
vs

alchemy

The Alchemist Discovering Phosphorus by Joseph Write of Derby from Wikimedia Commons, public domain



Alchemists kept what 
they knew a secret for 
500 years. 
They didn’t advance 
the art very much…

Cory Doctorow*

* Doctorow, C. (2017) The fight for a free, fair and open Internet. 2017 National Bioneers Conference. https://youtu.be/2-CvOrDODds?t=678
cropped photo by Gage Skidmore from Wikimedia Commons, CC BY-SA 3.0

…and each of them 
learned in the hardest 
way possible that drinking 
mercury was a bad idea.



good 
science

is
open 

science



science
is

iterative



science
vs

alchemy



4 freedoms to use

study

modify

share

adapted from “Understanding Free Cultural Works” by Creative Commons, CC BY 4.0



Recommendation on 
Open Science
ratified Nov 2021

UNESCO logo from Wikimedia Commons, public domain



UNESCO logo from Wikimedia Commons, public domain; other attributions in slide notes

publications

data

software code

educational resources

hardware designs!



Apollo 17 Station 1 Panorama by NASA from Flickr, public domain

hardware
underpins much of science



Large Hadron Collider - CMS Detector by Luigi Selmi from Flickr, CC BY 2.0



modified from Learning Her Birds by Don Freiday/USFWS from Flickr, public domain



Микроскоп1 by SergeyZabelinASU from Wikimedia Commons, CC BY 4.0



The 12" Powerbook G4 is timeless! by RVVL5 from Reddit, CC0



hardware
is often closed source

(like software!)



hardware
is often closed source

(like software!)

no reproducibility

high costs

vendor lock-in

forced obsolescence



reinforce

global inequities

Earth by Kevin Gill from Flickr, CC BY 2.0



[hardware] affects the 
way people think about 
research questions…

Dr Julieta Arancio*

* quote from “Often Overlooked Sharing of Hardware is a Missing Link in Open Science Puzzle” (2023), from SPARC Impact Stories 
cropped photo from from GOSH forum profile, fair use

…Instead of tools being 
enablers of your creativity 
and what local needs are 
telling you what to explore, 
you are doing what the 
available tech lets you do…



Open source hardware
is hardware whose design is made publicly 
available so that anyone can study, 
modify, distribute, make, and sell the 
design or hardware based on that design.

Open Source Hardware Definition maintained by the Open Source Hardware Foundation



Open source hardware
has many examples



OpenPCR screenshot, fair use



OreSat
open source 
satellite

OreSat image from oresat.org, fair use





OpenFlexure microscopes from openflexure.org, fair use

OpenFlexure
microscope



Figure 3a from Collins et al. (2020) in Biomedical Optics Express 11 (5), 2447-2460, CC BY 4.0

bright-field imaging of 
stained blood smear

adapted for higher 
resolution florescence 
imaging

Figure 2c, d from Grant et al. (2019) in F1000Research, 8:2003, CC BY 4.0



Figure 3a from Collins et al. (2020) in Biomedical Optics Express 11 (5), 2447-2460, CC BY 4.0

Figure 2c, d from Grant et al. (2019) in F1000Research, 8:2003, CC BY 4.0

all this and more…

starts at just $200!



Figure 3a from Collins et al. (2020) in Biomedical Optics Express 11 (5), 2447-2460, CC BY 4.0

malaria 
diagnoses

with locally-produced and maintained 
microscopes in Sub-Saharan Africa





Public Lab logo by Public Lab contributors, CC BY-SA 3.0
Oil in Water by XPRIZE Foundation from Flickr, CC BY 2.0



Deepwater Horizon Offshore Drilling Platform on Fire by Ideum from Flickr, CC BY 2.0

Deepwater Horizon oil spill



Public Lab Balloon Mapping Kit 1.5 by Jeff Warren from Flickr CC BY-SA 2.0



air balloon mapping photo by Public Lab from store.public.org, CC BY-SA 3.0



modified from May-27-IsleGrandTerre-LA by Stewart Long from Flickr, CC BY 2.0



Kite Photo of Pollution from United Bulk terminal by eustatic from Public Lab, CC BY-SA 3.0



WarnerLkVis7344TrapaSH1800 by cfastie from Public Lab, CC BY-SA 3.0



modified from Bourj Al Shamali Refugee Camp by Claudia Martinez Mansell from 
Public Lab, CC BY-SA 3.0

Bourj Al Shamali
refugee camp

LEBANON





photo by Claudia Martinez Mansell from Public Lab, CC BY-SA 3.0



modified from Bourj Al Shamali Refugee Camp by Claudia Martinez Mansell 
from Public Lab, CC BY-SA 3.0



image of Earth by NASA DISCOVR, public domain

open science
enables rapid innovation 
to address 
urgent global issues



image of Earth by NASA DISCOVR, public domain

we don’t have time to 
be alchemists!



publish your hardware 
designs!



open source software 
licenses
e.g. GNU GPLv3, Apache, MIT



open source hardware 
licenses
e.g. CERN Open Hardware Licenses 2.0
(CERN OHL-S, OHL-W, OHL-P)



open source hardware 
best practices

SPEC 3105
DIN logo from Wikimedia Commons, public domain

Open Know-How 1.0





GOSH logo, CC BY 4.0

https://openhardware.science/



UNESCO logo from Wikimedia Commons, public domain

policy toolkit for 

open source hardware 
in science



https://www.ukrn.org/primers/

open source hardware primer
(coming soon)

UK Reproducibility logo from ukrn.org, fair use



https://openhardware.space/

mentoring and training
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@GOSHCommunity
#OpenScience #OpenHardware

internet by Adrien, bird by Symbolon, email by Gregor Cresnar from the Noun Project, CC BY 3.0

https://openhardware.science/

penyuanhsing {at} posteo [dot] is

thank you
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