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What can you say about this data?
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Information — the human-readable data
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Data is potential information and
needs to be processed to make it

accessible for the human
audience.
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Example data - What it really shows
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Descriptive Metadata:
Metadata that provides information to identify and describe a resource, such as its title, author,
and keywords.

Administrative Metadata:
Metadata used to manage a resource, including details like rights, licensing, and file creation
dates.

Structural Metadata:

Metadata that outlines how a resource is organized, such as its chapters, sections, or
relationships between components.
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METADATA

or metainformation

Is structured data that contains
information about characteristics of
other data (objects).
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your project with
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Monya Baker

PN

,More than 70 % of researchers have
tried and failed to reproduce another
scientist’s experiments.

More than half have failed to reproduce
their own experiments. “

54 (2016). https://doi.org/10.1038/5334

und-what-kids-say-about-living-san-francisco
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@ * some kind of documentation

unstructured
hard to find
seperated from data

hard to share / only in the
possession of the experimentator
frequently hard to read




Gregor Mendel, the father of genetics

Do you know why Mendel's work was largely
ignored until 1900, more than 30 years after his

death?

<HMC> |



Other scientists couldn’t fully understand and
validate his findings

Mendel did not provide sufficient details in his

notes about

e his experimental design or

e some of the intermediate steps in his
calculations

Without this detailed “metadata”, it was difficult for
other scientists to replicate his work or even fully
appreciate its significance.

https://www.nature.com/articles/s41588-022-01109-9/figures/1
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Even better — Readme style metadata
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GENERAL INF(

1. Title of ion - Flight of the Bat, Gotham City

2. Author Information

A. Principal Investigator Contact Information

3. Associate or Co-investigator Contact Information

data collection (single date, range, approximate date):



Human readable metadata: README file

README files can be considered a human-readable form of metadata recording.

This information helps users understand how to properly work with or reuse the data/code:

e Name of the data document

. ‘R?""“e-,"‘d Save

[ ] Tltle 20220228_trainingObject_Readme.txt *Readme.md

This 20220228_ mechAccCollosus_Readme.txt file was generated on 2022-02-28 by Bruce Wayne

e Author information

GENERAL INFORM ON

e The date the files were created

et: Biomechanical acceleration - Flight of the Bat, Gotham City
e Data fields/units
° PIDS A. Principal Investigator Contact Information
e Instrument info
e Sample info
B. Associate or Co-investigator Contact Information

e Date the files were last updated

e \ersion etc.

data collection (single date, range, approximate date):
-28




), Flight of the bat

Results

P4l 20220228 recordingData Readme.txt




documentation linked to the
data

locally searchable

Readme file can be shared with
the data

increased readability

unstructured
subjective information
only keyword search possible




Metadata in repositories

Z2N000 EEEEEEEY - e
While uploading your data to a repository, you also

enter the metadata into the system, - ”

Drag and drop files -or-
ta

Do you already have a DOI for this upload? (@) Yes No

just like you would when using Zenodo>>>

But there might be no field to define the variables in the
dataset so we can include a readme file along with the

dataset!

Parzarzon v B I & & % B == == 4 0

<HMC>



Widely used formats for machine-readable metadata

XML JSON YAML

<example> {
<superhero>Wonder Woman</superhero> "superhero": "Wonder Woman", superhero: Wonder Woman
<publisher>DC Comics</publisher> "publisher": "DC Comics", publisher: DC Comics
<identities> "identities": identities:
<identity>Princess Diana</identity> "Princess Diana", - Princess Diana
<identity>Diana Prince</identity> "Diana Prince" - Diana Prince
</identities> ], pet:
<pet> "pet": { name: Jumpa
<name>Jumpa</name> "name": "Jumpa’, species: kangaroo
<species>kangaroo</species> "species": "kangaroo"
</pet> J if you are interested in YAML,
</example> ) also see https://yaml.org/
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Metadata Standard and Schema
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Metadata Standards

This is a photo of my morning coffee >>>

My phone also records the metadata attached to this

photo.

Exchangeable image file format (EXIF)

O ismostwidely used metadata standard for images.

O is embedded in image files by digital cameras and smartphones.

These standards ensure that metadata is structured and
used consistently across different platforms, software, and

devices.

plaintext

File Name: morning_coffee.jpg

File Type: JPEG

Make: Apple

Model: iPhone 13

Date/Time Original: 2024:09:04 08:32:15
Exposure Time: 1/200 sec

F-Number: /2.2

IS0: 48

Focal Length: 4.2 mm

Flash: Off, Did not fire

B GPS Latitude: 37.7749° N

GPS Longitude: 122.4194° W
Software: i05 17.6.1

§ Image Size: 3840x2160

§ White Balance: Auto

Metering Mode: Multi-segment
Orientation: Rotate 98 CW

Exposure Program: Program AE

<HMC> |



Metadata Standards

They are all in EXIF Metadata Standard:

plai

File Name: sunset_beach.jpg
File Type: JPEG

Make: Canon

Model: Canon EQOS 5D Mark IV
Date/Time Original: 2824:88:25 19:05:12
Exposure Time: 1/480 sec
F-Number: /5.6

IS0: 188

Focal Length: 24 mm

Flash: Off

GPS Latitude: 34.0195° N

GPS Longitude: 118.4912° W
Software: Adobe Photoshop 2824
Image Size: 6720x4430

White Balance: Auto

Metering Mode: Multi-segment

Orientation: Horizontal (normal)

Exposure Program: Aperture priority

plain

File Name: mountain_hike.jpg

File Type: JPEG

Make: Google

Model: Pixel 6 Pro

Date/Time Original: 20824:89:02 089:45:58
Exposure Time: 1/508@ sec

F-Number: /1.9

I150: 5@

Focal Length: 5.8 mm

Flash: Off

GPS Latitude: 39.7392° N

GPS Longitude: 104.9983°

Software: Android 13

Image Size: 4032x3024

White Balance: Auto

Metering Mode: Center-weighted average
Orientation: Rotate 90 CW

Exposure Program: Auto

pla

File Name: morning coffee.jpg
File Type: JPEG

Make: Apple

Model: iPhone 13

Date/Time Original: 2024:89:04 ©88:32:15
Exposure Time: 1/200 sec
F-Number: /2.2

IS0: 48

Focal Length: 4.2 mm

Flash: Off, Did not fire

GPS Latitude: 37.7749° N

GPS Longitude: 122.4194° W
Software: i0S 17.6.1

Image Size: 3840x2160

White Balance: Auto

Metering Mode: Multi-segment
Orientation: Rotate 90 CW

Exposure Program: Program AE
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Metadata Standards

pla

File Name: morning coffee.jpg

File Type: JPEG

File Name: sunset_beach.j

File Type: JPEG plai

Creator: John Doe Make: Apple

Camera Model: Canon EQS 5D Mark IV Model: iPhone 13

Lens: 24mm /5.6

File Name: mountain_hike.jpg
File Type: JPEG Date/Time Original: 2024:89:04 08:32:15

Exposure Time: 1/200 sec
F-Number: /2.2
IS0: 48

Date Created: 2824-88-25T19:05:12-07:08 Greator i aneR=nith

Exposure: 1/480 sec Title: Mountain Adventure

IS8 Description: A breathtaking view from the peak of i
Focal Length: 4.2 mm
Flash: Off, Did not fire
GPS Latitude: 37.7749° N
GPS Longitude: 122.4194° W

Software: i0S 17.6.1

Focal Length: 24 mm
Flash: Off

Keywords: mountain, hiking, nature, adventure

Date Created: 20824:089:02
Scene Type: Directly Photographed

Software: Adobe Photoshop 2824
Image Size: 6720x4480

Location: Rocky Mountains, Colerado, USA
Copyright Notice: @ 2024 Jane Smith
Contact Info: janesmith@example.com
Location: GPS Latitude: 34.8195° N, GPS Longitude: Image Size: 3840x2160
Copyright: @ 2824 John Doe White Balance: Auto
Title: Sunset Beach Metering Mode: Multi-segment

Orientation: Rotate 90 CW

Description: A beautiful sunset at the beach with g

Keywords: sunset, beach, landscape, water, nature Exposure Program: Program AE

Editing History: Edited: 2024-88-26 19:30:00
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The Dublin Core

reator
One of the best-known, generic, and widely used
metadata standard for online resources, is the
Dublin Core. ublisher

ontributo

The Dublin Core was developed by a consortium of
researchers, librarians, and web technologists in
1995, to address the need for a unified description
of web resources. anguage

ormat

ubjec

»)

=) CDTll_UE'UOO
S B

escription

[1] https://www.dublincore.org/resources/metadata-basics/ d e nt|f| er
[2] https://www.dublincore.org/specifications/dublin-core/dcmi-terms/#section-3
[3] https://www.dublincore.org/about/

[4] https://www.iso.org/standard/71339.html Re I at| on
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O® 3 Inspector (J Console [ Debugger 1N Network > 0@ ) - X
https://www.science.orq/ T + 2

/moat%ramé:1§”></5c}ipt>
<meta name="pbContext" content=";issue:issue:doi\:10.1126/science.2023.379.issue-6
ring:Publication Websites;pageGroup:string:Publication Pages">
<link rel="schema.DC" href="http://purl.org/DC/elements/1.0/">
<meta name="citation journal title" content="Science">
<meta name="dc.Title" contgnt="USBl1 is a miRNA deadenylase that regulates hematopo
[)ljt)”r] (:()rEE <meta name="dc.Creator" corftent="Ho-Chang Jeong">
< <meta name="dc.Creator" corftent="Siddharth Shukla">
Elements <meta name="dc.Creator" corftent="Wilson Chun Fok">
<meta name="dc.Creator" corftent="Thao Ngoc Huynh">
<meta name="dc.Creator" corftent="Luis Francisco Zirnberger Batista">
<meta name="dc.Creator" corftent="Roy Parker">
<meta name="dc.Description'] content="Mutations in the 3" to 5° RNA exonuclease USE

U6 small nuclear RNA maturgtion, the molecular m...">
<meta name="Description" cdntent="Mutations in the 3° to 5° RNA exonuclease USBl c
small nuclear RNA maturatign, the molecular m...">

<meta name="dc.Publisher"” dontent="American Association for the Advancement of Sci
<meta name="dc.Date" schemd="WTN8601" content="2023-03-03">

<meta name="dc.Type" conterft="research-article">

<meta name="dc.Format" conflent="text/HTML">

<meta name="dc.Identifier" |scheme="publisher-id" content="abj8379">

<meta name="dc.Identifier" |scheme="doi" content="10.1126/science.abj8379">

B T | I DN B e n e m e o e M TRLIL

html.pb-page.js > head > script

Y Filter Styles thov cls + @ @ (O [0 Layout Computed Changes



Metadata schemas

Metadata schemas define the structure and fields for metadata, often built on a

standard.

<HMC> , &1



Key Difference

A standard defines what metadata to include:

® Dublin Core: Includes elements like title, creator, subject, date, description, etc,

® EXIF Metadata Schema: Includes fields like File Name, File Type, Model, Date/Time, etc.

A schema defines how the metadata is structured and formatted:
® Relationships between fields,

Defining required or optional fields,

Date: YYYY-MM-DD (ISO 8601 format),

Name: Last Name, First Name,

Keywords: A list separated by commas or semicolons.

<HMC> | &2



Zenodo new upload form - schemas define the structure and fields for metadata

Files 4

Storage available 0 out of 100 files 0 bytes out of 50.00 GB

Drag and drop files —or-
asterisks indicate

1M Digital Object Identifier * : mandato ry entries

Do you already have a DOI for this upload? (e Yes No

A DOI allows your upload fo be easily and unambiguously cited. Example: 10.1234/foo.bar

¥ Resource type™

controlled list

a

+  Addtitles

@ Publication date "

2024-11-24 < entry format

In case your upload was already published elsewhere, please use the date of the first publication. Format: YYYY-MM-DD, YYYY-
MM, or YYYY. For intervals use DATE/DATE, e.g. 1939/1945.

& Creators”

+ Add creator

| <HMC> |

# Description



Human-readable input (form fields) translates into machine-readable metadata

Files 4

Storage available 0 out of 100 files 0 bytes out of 50.00 GB nEWd atasu bm iSSiOn 'json

», o«

Drag and drop files —or- {
“Files” “metadatabeginners.pptx”,
“Resource type’: "Presentation”,

1M Digital Object Identifier *

oot o 00t e o “Title”: “Metadata for Beginners”,
“Publication date” “2024-11-24",
“Creators” “Dr. Ozlem OZKAN”

A DOI allows your upload fo be easily and unambiguously cited. Example: 10.1234/foo.bar

¥ Resource type™

B Title”
e ——

+  Addtitles

@ Publication date "

2024-11-24

In case your upload was already published elsewhere, please use the date of the first publication. Format: YYYY-MM-DD, YYYY-
MM, or YYYY. For intervals use DATE/DATE, e.g. 1939/1945.

& Creators”

+ Add creator

| <HMC> |

# Description



Domain-relevant community standards

Data should meet domain-relevant community standards!

Many disciplines have created
O metadata standards for describing data,

O created lists of recommended file formats etc.

Keeping in line with these standards will lead new data out into the ecosystem of data that is

easy and suitable for others to reuse.

<HMC> |



Interoperability: NASA's Mars Climate Orbiter Mishap

The failure of NASA's Mars Climate Orbiter in 1999

® The engineering team at Lockheed Martin used
English units of measurement (pounds-force),

® while the NASA team expected data in metric units
(newtons).

1 Newton = 0.224809 pounds-force (Ibf)

Consequence:

" MeTRIC, ENGLYH, WHATEVER.."

The orbiter entered the atmosphere at a much lower
altitude than intended, leading to its destruction by
atmospheric stresses and heat.

Remember the Mars Climate Orbiter incident from 1999?

Loss: $327.6 million

<HMC> |



What about research field matter?

NeXus is an open community standard!

the NeXus International Advisory Committee
(NIAC) (since 1994)

It functions both as a

data format and a metadata standard
particularly in neutron, X-ray, and muon
research.

3.3.1.18. NXentry

Structure:

@default: (optional) NX_CHAR

Pre-defined keysI

» Declares which ref:"NXdata™ group cohtains J Data Type I

@IDF_Version: (optional) NX CHAR

I51S Muon IDF_Version
ttle: (optional) NX_CHAR
Extended title for entry
experiment_identifier: (optional) ¥
» Unique identifier for the ex
experiment_description: (optional
Brief summary of the experin
collection_identifier: (optional) hNX
User or Data Acquisition defi
collection_description: (optional) I

Brief summary of the collecti

USER: (optional) MNxuser

Meaning

3.3.1.52. NXsouice

Structure:

type: (Dptional) NX_THAR

type of radiztion sou/ce (pick one from the enumerated list ar
y y

probe: (optional) NX_CHAR
¥ type of radiation probe (pick one from the enumerated list an
type of radiation probe (pick one from the enumerated list and :
Any of these values:

* neutron
* x-ray

* muon

® electron

® ultraviolet

* visible light
* positren

« proton

power: (optional) NX_FLOAT {units=NX_POWER}

Source power

SAMPLE: (optional) Nxsample e

INSTRUMENT: (optional) Nxinstrument

https://manual.nexusformat.org/classes/base_classes/NXsource.html
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https://manual.nexusformat.org/classes/base_classes/NXsource.html

What about research field matter? — E—

Proposa| Co-investigators 1 FA

Instrument requested p1 F

Principal investigator Fundingsource | P2 F

Useroffice Sample description p1 £

Proposed experimental conditions P1 £

[safety conditions] 3 F

Experimert description p1 F

Approva | Prior art (related publications, proposals) P2 F

Fadility information p1 F

User office Proposal identifier P1 F

Instrument scientists = =3 = 7

pproval pane
Safety groups Sample safety assessment P2
- Approval panel

xPa roject report e R
] ing experimentalteam P2 FA

f Safety Training data 3 !

Scheduling A o S " :
N Sample preparation P2 R

User office [Sample reception] P3 /

Principal investigator

e defined the necessary metadata costmerane no |

sample information P1 FR
information Pl FR
H Calibration information Pl FR
elements for Photon and Neutron Experiment -
. Environmental parameters P2 FR
T E"pe”"’entallteaf" Lzboratorynotebook P2 FR
PaN fac| | ities >>> Instrument scientist Inctument scentict p2 .
Facility operations (DAg) [Experimental report] P3 R
Persistentldentifiers (PIDs) P1 FA
Preservationdescription information P1 AR
Storage Dataset information P1 F
ile i ifie P2 AR

(these elements are aligned with other Pty oprsions 15 e = =

Data management team

. Brocessingteam (user D) P2 AR
iginal dat, P1 R
open standards, like NeXus) Data processing P R
Dataset information P2 AR
Data processing team Processinginformation P1 R
Instrument scientists (help) Sl T e &
Facility operations (for auto DP/DA) Analysisteam [userid) P2 AR
igi P1 R
Software package information P1 IR
- D e tracking and workflow P2 R
Data a naIYSIS Data formats (after analysis) P1 IR
Datasetinformation P2 IR
Data analysisteam Fileidentifier P1 AIR
[ b T [Instrument parameters] P3 IR
o ) [Calibrationinformation] P3 IR
Facility operations (for auto DP/DA)
Authars / Coauthors fuser ID) P1 FA
3 5 Proposalinformation P1 FA
Results publication R P ¢
i ifier (PID) P1 3
Experimental team(s) [Supplementarydata information] P3 F
Instrument scientist ey = =
User office Related resource P2 F
Creator P1 F
Contributor P2 F
. 5 5 Title P1 F
P1: essential Data publication . N "
. blication year
p2: |m ortant Data processing team N — o1 "
. p Instrument scientists v Release date P1 R

Facility operations (for auto DP/DA)

P3: useful Data management team t

https //doi.org/10 5281/zenod@mm > |


https://doi.org/10.5281/zenodo.6821676

Metadata for nuclear physics experiments: NAPMIX

https://www.oscars-project.eu/projects/napmix-nuclear-astro-and-particle-metadata-integration-experiments

The NAPMIX project emerged to address a significant gap in nuclear physics: the lack of a unified metadata schema necessary for
achieving FAIR datasets. This challenge extends to the fields of particle and astro-particle physics, highlighting the need for a
collaborative European effort to create a common metadata schema with user-friendly infrastructure. By integrating expertise across

these domains, NAPMIX aims to enhance data management practices.
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JSON
step-by-step

o €
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The JSON object

jsonf john.json

{

“John”,
27,
true,
null,
[“Anna”, “Michael”],

“Brutus”,
{(dog”,
7

}
} A__,n‘fﬂff“"‘——_--
S~ <HMC> | 73




The JSON object

@ john.json

f -

“‘name”: “John”,

fage”: 27,

“employed”: true,

“hasCar” null,

"parents”: [‘Anna”, “Michael”],

((petn: {

‘name”: “Brutus”,
‘species”: “dog”,
“age”: T

}

Objects are

enclosed in [4¥g\Y
braces

: /
S~
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The JSON object

@ john.json

{

}

@e”: “John”, ‘

fage”: 21,

“employed”: true,

“hasCar” null,

"parents”: [‘Anna”, “Michael”],

{lpetn: {

‘name”: “Brutus”,
‘species”: “dog”,
“age”: T

}

Information is

stored in
“key”: “value”
pairs

<HMC> | 5



The JSON object

jsonf john.json

{ “John”, < Information is
“age” 27, stored in
“employed”: true, “kgy”:“value”
“hasCar”: null, pairs
"parents”: [‘Anna”, “Michael”],
p“erfa.r;e”: “Brutus” are of :

. e datatype string
species”: “dog”,
“age”: T
}
}

S~ CHMC> |+ 76




The JSON object

jsonf john.json

{ values must be
“narme” “John”, one of the following
“age” 21, data types:

“employed”: true,

“hasCar” null, strlng

"parents”: [‘Anna”, “Michael”], number

“Det” | boolean
l(namen: {(Brutusv, nu”
“species”: “dog’, arr.ay
“age™ 7 object

}

} /
S <HMC> | 77




The JSON object

jsonf john.json

{ values must be
’ one of the following
27, data types:
true, .
null,
oz Fichact§ umber
{ boolean
“Brutus’} null
“dog’ array
E ’ object

J

}
<HMC> | 3




strings are any kind of characters
enclosed in “ “

* “word”
* “This is also a string.”
* “7 bananas”




The JSON object

jsont john.json

{

{(John)J’
211
true,

null,
[“Anna”, “Michael”],

“Brutus”,
{(dog)),

values must be
one of the following
data types:

string
boolean
null
array
object

<HMC> | 5o



numbers can be:

° integers (e.g. 42)
* floats (e.g. 0.0005)




The JSON object

jsont john.json

{

“\JOhn”}

21,
trud

null,
[“Anna”, “Michael”],

“Brutus”,
{(dog)),

values must be
one of the following
data types:

string
number
null
array
object

<HMC> | 2>



a boolean has one of two possible
values

* true / false
* 1/0




The JSON object

jsont john.json

{

“John”,
21,
true,
Null}
[“Anna”, “Michael”],

“Brutus”,
{(dog)),

values must be
one of the following
data types:

string
number
boolean
null
array
object

<HMC> | g4



é can only have the value NULL.
The variable of data type [flfll] has
no value assigned to it.




The JSON object

jsont john.json

{

“John”,
27,
true,
null,

[“Anna”, “Michael”]]

“Brutus”,
{(dogv,

values must be
one of the following
data types:

string
number
boolean
null

object

.

<HMC> | g5



An array is a collection of elements.
Can be understood as a list.

« [*Bibi”, “Tina”]
« [1,2,3]
* [‘some string”, 0.5, true]




The JSON object

isont john.json

{ values must be
“John”, one of the following
27, data types:
true, _
null string
[“Anna”, “Michael”], number
boolean
“name”: “Brutus’, null
“Species”: {(dog”7 array

<HMC> | g3



An object contains key/value pairs,
seperated by commata and is
enclosed by

{"name”: “Bill”,
“jobTitle”: "Postdoc’,
“city”: “New York”,
“age”: 36}




The JSON object

jsonf john.json

{
“John’] ) Data is
vy separated by
truel . commas
null .
[“Anna”,“Michael”] .
{
“Brutus” <
‘dog] -
7

}
} /—
S <HMC> | o0




The JSON object - indentation

jsonf john.json

{

“John”,
21,
true,
null,
[“Anna”, “Michael”],

“Brutus”,
{(dog”,

<HMC> | o1



Structured metadata: JSON vs. XML

isonf john.json john.xml

{ < > John< >
“John”, <hpe>27< >
27, < >TRUE< >
true, < >NULL< >
null, < >Anna< >
[“Anna”, “Michael”], < >Michael< >
{ < >
“Brutus”, < >Brutus< >
“dog”, < >dog< >
7 < >< >
} < >
~—_ S~ <HMC> | o




Example:

"firstName": "value",
"ORCID": "value",
"favoriteCake": "value",
"hobbies": ["value", "value"],
"city": {

"name": "value",

"url": "value"




Thanks

o €D
¢ < <

HMC
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