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Abstract7

1. Metadata plays an essential role in the long term preservation, reuse, and8

interoperability of data. Nevertheless, creating useful metadata can be9

sufficiently difficult and weakly-enough incentivised that many datasets10

may be accompanied by little or no metadata. One key challenge is,11

therefore, how to make metadata creation easier and more valuable. We12

present a solution that involves creating domain specific metadata schemes13

that are as complex as necessary and as simple as possible. These goals are14

achieved by co-development between a metadata expert and the researchers15

(i.e. the data creators). The final product is a bespoke metadata scheme16

into which researchers can enter information (and validate it) via the17

simplest of interfaces: a web browser application and a spreadsheet.18

2. We provide the R package dmdScheme (Krug & Petchey, 2019a) for creating19

a template domain specific scheme. We describe how to create a domain20

specific scheme from this template, including the iterative co-development21

process, and the simple methods for using the scheme, and simple methods22

for quality assessment, improvement, and validation.23

3. The process of developing a metadata scheme following the outlined ap-24

proach was successful, resulting in a metadata scheme which is used for25

the data generated in our research group. The validation quickly identifies26
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forgotten metadata, as well as inconsistent metadata, therefore improv-27

ing the quality of the metadata. Multiple output formats are available,28

including XML.29

4. Making the provision of metadata easier while also ensuring high quality30

must be a priority for data curation initiatives. We show how both31

objectives are achieved by close collaboration between metadata experts32

and researchers to create domain specific schemes. A near-future priority33

is to provide methods to interface domain specific schemes with general34

metadata schemes, such as the Ecological Metadata Language, to increase35

interoperability.36

Keywords: metadata quality; data curation; archival; long term storage; R37

package;38
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Glossary39

• analysis - processing the analysis-ready data in order to address the40

research question.41

• analysis-ready data - data ready for analysis; may be “ready” for a42

limited set of analyses. An example would be abundance of each of the43

species in a set of communities (e.g. population dynamic data of ecological44

communities). (Contrast with raw data.)45

• data deposit package - a collection of data andmetadata files deposited46

in a long-term repository. This consists at least one data file and the rich47

metadata describing the data file(s) and associated information. May48

often contain multiple data files, each with its own metadata file.49

• domain / research domain - a grouping of e.g. experiments, research,50

and / or questions addressed, whose data sets can be described using51

metadata following one metadata scheme which can be regarded as52

rich metadata. One example is “Experimental Microbial Ecology” for53

which the metadata scheme emeScheme (Krug & Petchey, 2019b) was54

developed. Fields, such as Ecology and Evolutionary Biology, contain55

numerous domains.56

• domain specific metadata scheme - a metadata scheme for a do-57

main.58

• FAIR data principles - guiding principles to make data Findable, Ac-59

cessible, Interoperable, and Reusable (Wilkinson et al., 2016).60

• field specific metadata scheme - a metadata scheme general and61

broad enough to apply to an entire field. E.g. the Ecological Metadata62

Scheme (EML) (Jones et al., 2019).63

• long-term storage / preservation - the process of having data stored64

/ preserved and accessible for the long-term (i.e. greater than 20 years65
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envisaged).66

• long-term (storage) repositories - repositories which offer long term67

storage. Examples are (‘Zenodo - Research. Shared.’ 2020) or (‘GBIF,’68

2020). The Zenodo repository currently has plans defined for at least 2069

years of operation.70

• metadata - data about data. Metadata can be as little as the name of a71

variable/column in a spreadsheet of data, though such limited metadata72

would likely not be considered rich metadata, and may not make the73

data FAIR.74

• metadata scheme - a formalised description of the metadata to be75

included in e.g. a data deposit package, their formats, and which ones76

are compulsory or not. A formal scheme assists with the indexing of the77

metadata that is required for programmatic searching and extracting78

metadata and data from repositories.79

• pre-processing - the preparation of the raw data to make it analysis-80

ready. This should be done by a script to make the process reproducible,81

and may use different parameters/methods which need to be adjusted82

based on the research question and the raw-data.83

• raw data - data as provided by the measuring device. This could be84

images or videos taken from a camera, tables as returned from machines85

or hand-written records.86

• rich metadata - defined by the Research Data Alliance (Research Data87

Alliance, 2017) as “data with enough accurate and relevant attributes to88

make it easily findable”.89
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Introduction90

To define a kind of gold standard for data handling, Wilkinson et al. (2016)91

developed the so called FAIR data principles. These define principles to make92

the data Findable, Accessible, Interoperable and Reusable, and help to assess93

data handling workflows in regards to openness.94

There are multiple reasons why data should be widely reusable (Heaton,95

2008; Bishop & Kuula-Luumi, 2017; Pasquetto, Randles, & Borgman, 2017).96

Widely resusable means that anyone making reasonable efforts could resuse the97

data, and that this would be the case even if the data creator(s) are unavailable.98

“Anyone” includes the creator(s) of the data, other members of the creating99

research group, and any other researcher. Use cases include using data from100

previous experiments to plan new ones, re-analysing data using different or new101

pre-processing or analytical approaches to either compare different methodologies102

(Dufour & Richard, 2019) or to address new scientific aspects (e.g. the use of103

trait databases Schneider et al. (2019)), meta-analyses (e.g. A. S. Zimmerman,104

2008; Culina, Crowther, Ramakers, Gienapp, & Visser, 2018), reproduction of105

the studies, and use of data for teaching and training (e.g. Atenas & Havemann106

(2015); or Henty (2015)).107

Being able to reuse data includes finding it, understanding why it was108

collected and how it was generated, understanding which datasets are which,109

understanding which variables contain what information, and understanding110

relationships among variables (e.g. Gregory, Groth, Scharnhorst, & Wyatt (2020);111

Gregory, Groth, Cousijn, Scharnhorst, & Wyatt (2019); A. S. Zimmerman (2008);112

A. Zimmerman (2007)). All this information should be stored in metadata;113

thus metadata are essential for reuse (A. Zimmerman, 2007; Gregory, Groth,114

Scharnhorst, & Wyatt, 2020). Furthermore, interoperability (the I of FAIR)115

requires standardised metadata schemes.116
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Metadata schemes have been developed which aim at providing a standardised117

structure and vocabulary to be used when providing the metadata. Examples of118

these schemes are Darwin Core (Darwin Core task group, 2014) and the Ecological119

Metadata Language (short EML) (Jones et al., 2019) in the field of biology /120

ecology, or more broadly Dublin Core (‘Dublin Core,’ 2020). Interoperability121

is essential for research that relies on combining different datasets, and is122

particularly important for data-based interdisciplinary research as this very often123

combines data from different sources.124

Given such important reasons for accompanying data with appropriate meta-125

data, why do numerous datasets recently published not include useful metadata126

(Roche, Kruuk, Lanfear, & Binning, 2015)? For example, a search for “ecology”127

and type “dataset” on the Zenodo website in late June 2020 returned 998 data128

deposits. The first ten deposits returned contained no deposits with metadata129

corresponding to any particular metadata scheme. Two deposit contained meta-130

data in a README.md file and a csv file, and one contained a manuscript131

called metadata. The remainder contained little or no metadata (other than132

the column names in the datasets, which were not explained in more detail). It133

may not be far from the truth to say that the majority of thus far deposited134

datasets, at least on Zenodo in the field of ecology, have so little metadata or135

such poor quality metadata that they have very little possibility to be reused, at136

least without considerable effort and with potentially enduring uncertainty.137

To have the metadata available requires the producer of the data to provide138

it. Therefore the answer to the question of why many datasets are deposited139

without rich metadata is that the data creators have not prioritised creating140

rich metadata. While there is some interest and some level of prioritisation141

(e.g. Campbell, Micheli-Campbell, & Udyawer (2018) showed that especially142

early career researcher are participating in curating and sharing their data and143
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metadata) a critical question that follows is how to motivate the creation and144

deposition of appropriate metadata. There are multiple possible answers; one145

that we focus upon is that creating metadata is not easy, and creating metadata146

that conforms to a specific scheme is daunting and difficult for researchers. These147

schemes are relatively complex, as they are not specific to a research domain148

(see glossary for definition of “research domain”), but rather for a broad field.149

The advantages of being applicable to a broad field of science (e.g. consistent150

search across a range a wider range of domains, standardised property names151

and vocabulary for metadata provision, interoperability) comes with the cost152

of being complex, somewht complex and rather difficult to understand, which153

could represent a significant barrier to use by research scientists not working in154

the field of metadata development.155

Our aim was to make the process of creating metadata not only easy, but156

also useful for the researcher that created the data and, if at all possible, a157

quite pleasurable experience to create! We follow the suggestion of Poisot,158

Bruneau, Gonzalez, Gravel, & Peres-Neto (2019), that domain specific meta-159

data schemes (small and purpose-built schemes) can be part of the solution to160

make ecological data easier to find and reuse. The example we use to illustrate a161

domain specific metadata scheme is from the research domain we term “Experi-162

mental Microbial Ecology” (Worsfold, Warren, & Petchey, 2009; e.g. Pennekamp163

et al., 2017; and Altermatt et al., 2015) (hereafter EME). We illustrate using164

this domain due to our familiarity with it and because the experimental studies165

involved can be quite complex. Many measurements are often taken using differ-166

ent methods. Multiple treatments are often applied. Numerous taxa are often167

involved. Various steps of data processing are required to obtain analysis-ready168

data (for examples see Pennekamp et al., 2017; and Garnier, Hulot, & Petchey,169

2020) from the measured raw data. The methods used can create large amounts170
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of data (several terabytes). Therefore EME is a sufficiently complex domain to171

be used as an illustration.172

To prevent the proliferation of a multitude of domain specific metadata173

schemes, risking little or no interoperability among domains, each domain specific174

scheme should be as much as possible linked formally to standardised metadata175

schemes. In a sense, a domain specific metadata scheme could be regarded as an176

easy to use, familiar, intuitive and pleasurable interface to a more general and177

standardised metadata scheme.178

Three other features of domain specific metadata schemes can increase motiva-179

tion of researchers to use them: co-development, easy of use, and data/metadata180

validation. Co-development by metadata experts and researchers in respective181

domains ensures that the scheme can be shaped by providing input to identify182

essential properties to be included in the metadata, and to exclude non-essential183

metadata. The goal then is to create a domain specific metadata scheme that184

fits that domain. Co-development not only results in a better product, but the185

resulting “ownership” of these schemes by researchers is likely to increase moti-186

vation to use them, to advertise them, to provide input for further development,187

and to include them in teaching and training.188

Metadata entry should not be technically difficult, and presumably the easier189

the better. To accomplish these design goals, we made a metadata entry system190

that includes only a web browser based application and a spreadsheet. The sim-191

plicity of these interfaces should keep the additional workload for the researchers192

as small as possible. Moreover, these methods of metadata entry can be common193

across domains, meaning that it is not necessary to teach or learn a different194

tool for each domain. Previously developed applications for easy metadata entry195

include Morpho, a data management tool for earth, environmental, and ecological196

scientists (https://knb.ecoinformatics.org/tools/morpho); it is open source, but197
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is no longer maintained by the original development team.198

Data and metadata validation can help researchers increase the quality of their199

data and metadata, for example by checking that variables in datasets contain200

the information they should, and that they correspond to the stated experimental201

treatment and observations. Most large metadata schemes provide mechanisms202

for validating the metadata (e.g. EML in the R package EML (Boettiger &203

Jones, 2019)). These validations assess mainly the syntactical correctness of204

the metadata, e.g. if all required fields are provided and if numerical values are205

in the allowed range (if ranges are specified). More detailed (contextual and206

contentual) validation can be provided for more specific situations or for smaller207

domains of research, i.e. for domain specific metadata schemes.208

In this paper, we present as a case study the experience and results of our209

research group in developing the EME domain specific metadata scheme. We first210

used the R package dmdScheme (Krug & Petchey, 2019a) to create a template211

domain specific metadata scheme emeScheme (Krug & Petchey, 2019b) and then212

customised the template scheme to create the EME scheme. We end with a213

discussion on how these domain specific metadata schemes can be integrated214

into larger metadata schemes by using the example of EML (Jones et al., 2019).215

The content of this article focuses on presenting the approach by which a216

domain specific metadata scheme can be created using the dmdScheme (Krug217

& Petchey, 2019a) R package, and its advantages in bringing domain specific218

metadata schemes to more domains and to facilitate the provision of rich and219

quality assured metadata. This article is supported by two Vignettes: one220

describes the dmdScheme and is aimed at developers of new domain specific221

schemes and at users interested in a more detailed description of the package.222

The other vignette is aimed at users of the emeScheme, and could be modified for223

users of other domain specific schemes. Both are included in the Supplementary224
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information of this article; updated versions are within the respective R packages.225

The template dmdScheme Package226

The R package dmdScheme (Krug & Petchey, 2019a) forms the core of de-227

veloping and using domain specific metadata schemes following the dmdScheme228

approach. It is normally hidden for the researcher user of the domain spe-229

cific metadata schemes and mainly of concern for the actual developer of new230

metadata schemes.231

The package contains all the base functionality needed to develop a new232

domain specific metadata scheme. It includes functionality to create a spreadsheet233

for entering the domain specific metadata, functionality to read the metadata234

from that spreadsheet, basic validation functions, and export functions to xml235

and templates needed to implement the export to EML. It is important to note,236

that the dmdScheme package itself should not be used to enter actual metadata,237

as it does only contain an example metadata scheme.238

How to develop a new scheme and how to use the package is explained in239

detail in the accompanying vignette Develop and Use the dmdScheme which is240

included in the supplemental material of this article.241

A second part of the dmdScheme approach is a repository of domain-specific242

schemes (Krug, 2020). Here any developed domain-specific schemes can be243

deposited. The R package dmdScheme contains functionality to load the selected244

scheme from this repository and installs the accompanying R package in a245

temporary library. This arrangement makes it possible to use the scheme not246

only together with the R package dmdScheme, but also in other programming247

languages, if so desired.248
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Creating a domain specific metadata scheme249

Creating the emeScheme250

The scheme emeScheme (Krug & Petchey, 2019b) was developed based on the251

dmdScheme (Krug & Petchey, 2019a) and is tailored for data from Experimental252

Microbial Ecology. The motivation to develop this metadata scheme was born253

out of the realisation that for long-term storage and retrieval following the FAIR254

data principles, metadata and data format standards are needed to be able to255

find and retrieve the data at any later stage and to be able to reuse it, even256

in the own research environment. Therefore it was decided to develop a rich257

metadata scheme which would provide enough metadata to be able to find the258

data and to re-use it.259

An open exchange between the researchers and a programmer developing the260

scheme was essential in turning the emeScheme into a domain specific metadata261

scheme which will be used by researchers to create their metadata. Researchers262

were involved in the process of developing the emeScheme from the beginning.263

This included regular meetings to identify properties in the scheme which are264

missing, redundant, or not needed. Finally, the researchers were the first testers265

of the metadata scheme.266

The iterative process involved the following steps:267

1. Defining the objectives for the scheme. This included the objective of FAIR268

compliance, but also ease of use and validation functionality.269

2. Development of a first version of the scheme. This was done in a spreadsheet270

which was then imported in the package and forms the basis of the scheme271

definition.272

3. Pilot of entering data from diverse experiments within the domain. The273

diversity of experiments is important, as different experiments require274

different metadata properties and even structures.275
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4. Discussion of experiences of the researchers while entering the metadata,276

highlighting missing, redundant, or not needed properties in the scheme,277

etc.278

5. Incorporate these into the next revision of the scheme and return to step 2.279

6. Finalize the scheme definition package and publish it.280

Based on initial discussions, the scheme included information about the281

experiment itself as well as about the different data sets resulting from different282

measurements and analysis methods as well as treatments during the experiment.283

This information about the experiment is valuable contextual metadata. To sim-284

plify the provision of the metadata and to avoid duplication of the experimental285

metadata, all metadata would be entered into one spreadsheet file (with multiple286

sheets), with any required assignment of metadata to individual datasets done287

automatically in the final stage of the metadata export.288

This iterative process resulted in the spreadsheet emeScheme.xlsx ( Fig. 1289

and Supplemental Material).290

This scheme was then bundled together with additional examples and up-291

loaded to the dmdScheme repository as emeScheme version 0.9.9 (Krug & Petchey,292

2019b).293

Enhancing the validation294

Even though the package dmdScheme already contains a validation function,295

the validation is generic and mainly structural. The same applies for the export296

to xml, which only exports to a single xml file. Additional functionality in297

the emeScheme, i.e. the contextual and contentual validation and the export of298

the metadata into one xml file per data file, is included in an accompanying299

emeScheme R package (Krug & Petchey, 2019b).300

Validation means the checking of the internal consistency of the metadata,301

compliance with the allowed and suggested values and types of the metadata as302
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Figure 1: Two example sheets (Experiment and Species) in the emeScheme metadata file of
the ‘emeScheme‘ spreadsheet. The complete spreadsheet can be found in the supplemental
material ‘emeScheme.xlsx‘.
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Figure 2: An example of the validation report. The full validation report is in the supplemental
material file ‘Validation of data against dmdScheme.html‘

well as against the structure of the actual data files. This validation produces303

an html (see Fig. 2), docx or pdf report, which shows errors, warnings or notes.304

Errors, warnings, and notes represent different levels of severity of detected faults305

or inconsistencies in the metadata. For example, if a value is not in the list306

of allowed values, it will result in an error, while if it is not in the list of307

suggested values, a note will be produced. The validation in the emeScheme308

package had to go beyond the validation included in the dmdScheme package.309

Therefore, it was necessary to write a new validation function to add the new310

validation rules, i.e. the validation of the structural metadata which concerns311

the data files and its columns.312

When the validation has completed without errors, the metadata can be313

exported to one xml file per data file. As in the package dmdScheme the export314

to xml creates a single xml file, and we needed one xml file per data file, a new315

export function was included in the accompanying R package.316
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Using the emeScheme317

The functionality in the emeScheme, actually of all dmdScheme derived meta-318

data schemes, can be accessed by any of three approaches. As the scheme (and319

the accompanying R package) can be uploaded to the scheme repository (Krug,320

2020), they are usable from a universal web app (Krug, 2019) (Fig. 3). Each321

time the web app is started, it re-loads a list of available scheme packages (and322

their accompanying R packages), and these can then be used in the app.323

Even though this approach is the easiest, it requires the uploading of the324

metadata as well as the data to the server for validation. This might not be325

feasible because of confidentiality / privacy reasons or because of the large size326

of the data files. In this case, the app can also be launched from a local R327

session. The app then runs on the local computer and data never leaves the328

local computer.329

As a third option, the emeScheme and all dmdScheme derived packages can330

also be used from the R command line.331

The different approaches of how this can be done are explained in detail in332

the supplemental material Develop and Use the dmdScheme. In addition, the333

document includes detailed information on how new schemes can be developed.334

A more hands on user oriented working example of the emeScheme is in the335

supplemental material emeScheme User Manual.336

Integration of Domain Specific Metadata Schemes into the EML Land-337

scape338

As mentioned in the Introduction section, interoperability across domains339

requires common cross-domain metadata languages. The dmdScheme package340

contains the basic structures to provide an export to EML xml format. One of341

the basic requirements of doing so is linking of the domain specific metadata342
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Figure 3: Web app to use the functionality of ‘dmdScheme‘ derived metadata schemes. This
app can be run as a universal web app or also locally.
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properties to the EML properties. Hence, close inspection of the emeScheme343

(Krug & Petchey, 2019b) and some additional constraints (i.e. only one mea-344

surement and extraction method per datafile), make it possible to translate the345

emeScheme metadata into EML. The export into EML is planned for the next346

major release of the emeScheme package.347

Export to EML opens a new use case of the dmdScheme: if during the348

development of a new dmdScheme the EML scheme is kept in mind, it will be349

possible to use all the functionalities of the package dmdScheme as a frontend350

for providing EML compliant metadata. In the same way, other large metadata351

schemes could be used as the framework for the domain specific metadata352

schemes. This would bridge the gap between simple to understand domain353

specific metadata schemes on the one side and complex and difficult to understand354

but applicable to a large range of different domains metadata schemes.355
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The package does not use any data. The code is available as followed:362

• dmdScheme Package: The package is available on github at https://github.363
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(v1.1.7) has the doi https://doi.org/10.5281/zenodo.4529180368
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