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1 International Center for Agricultural Research in Dry Areas (ICARDA)
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Introduction
ICARDA has always had a statistician and a librarian to administrate its repository, but not curators and a data man-
ager. The data curation process started in 2018 with only a couple of consultants in charge of the curation of all da-
tasets, in accordance with the principles of the newly developed General Dataset Curation Guide (GDCG). Nowadays, 
the Data Management (DM) sub-team is composed of a coordinator and a variable number of data curators (1—4), 
depending on the yearly needs of the MEL platform. The DM sub-team is part of the MEL team, in charge of the entire 
MEL2 platform (e.g. project configuration, online repositories, metadata analysis). Each data curator is responsible for 
the cleaning of the data and for the preparation of a complete data dictionary, providing explanations about all dataset 
elements. The coordinator then reviews the final product, updates the metadata on MEL and approves the dataset to 
DataverseMEL3, generating a persistent link (handle4). 

During the last five years, the Data Management sub team has gained considerable experience in the field, while the 
original GCDC has reached its limits, requiring an update. At the time of its development, the GCDC described only the 
curation protocol for a standard dataset composed of an Excel file, however, the DM sub-team had encountered vari-
ous unconventional datasets that require description. Additionally, the GCDC needs to be harmonized with the recently 
published CGIAR Open and FAIR Data Assets Policy (OFDA)5.

2 Monitoring, Evaluation and Learning (MEL) is a web-based platform for enhancing MEL in Research for Development. MEL Platform is used for 
managing, monitoring, and reporting on projects, from the planning phase all the way through budgeting, risk assessment, knowledge sharing, and 
beyond.

3 “Dataverse is an open-source web application to share, preserve, cite, explore, and analyze research data” (The Dataverse Project, 2019).

4 “The Handle System is the Corporation for National Research Initiatives’s proprietary registry assigning persistent identifiers, or handles, to 
information resources, and for resolving those handles into the information necessary to locate, access, and otherwise make use of the resources” 
(Handle System, 2019). The handle provides the basic framework for the Digital Object Identifier (DOI) system that became the official ISO stand-
ard in 2012 (ISO 26324).

5 CGIAR Open and FAIR Data Assets Policy

https://hdl.handle.net/10568/113623
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Data Curation Process 
Data collection and organization is one of the main tasks during research activities. In fact, most of the project’s results 
depend on the good management of data. However, “the long-term value of data can be affected, for better or worse, by 
how well those data are curated. Unfortunately, many valuable datasets are poorly curated, which contributes to errors, 
redundant effort, and obstacles to replication and use” (Ruggles, 2018). 

It is common to organize data in spreadsheets in a way which makes them easily understandable for the dataset 
author at that time, without following the machine-readable standards or considering any next research use. Unfortu-
nately, not-curated data can quickly become unusable if nobody report all relevant information and stores it in a stable 
format. “Data curation activities enable data discovery and retrieval, maintain data quality, add value, and provide for 
re-use over time” (Munoz, 2017).

The present guide is targeted at the members of the DM sub-team and all ICARDA scientists interested in improving 
their data quality. It will be important for anyone to have basic knowledge of this subject to be able, during research ac-
tivities, to create well curated datasets, and to ensure data are as open as possible, always FAIR (Findable, Accessible, 
Interoperable, and Reusable) and managed responsibly in compliance with the OFDA Policy.

The guide describes the dataset curation process in all its steps:

	⟶ Cleaning the file.

	⟶ Creating a data dictionary referencing to standard vocabularies.

	⟶ Converting the file from licensed software format, like Microsoft Excel, to a stable format, like CSV (Comma-sep-
arated Value).

	⟶ How to handle special file format and supplementary materials.

Useful references for additional reading:

	⟶ “Data Carpentry: Data Organization in Spreadsheets Ecology lesson” (Bahlai, 2017) to structure the files based on 
the machine-readable standards. 

	⟶ “Ag Data Commons Data Submission Manual v1.3” (USDA, 2016) to develop and manage the data dictionary of 
the datasets.
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1. Preliminary Step 
“When you are working with spreadsheets, during data clean up or analyses, it’s very easy to end up with a spreadsheet 
that looks very different from the one you started with” (Bahlai, 2017). 

While doing research, it is very common to modify and restructure a dataset several times, organizing it according to 
researcher temporary needs, without a clear vision of the final product. A good practice, both for data analysis and data 
curation, is to create a copy of the original file to work on: it avoids data losses and provides a reference to fix potential 
errors.



10 

2. Data Calculations and Summaries

2. Data Calculations and Summaries
“Spreadsheets are good for data entry, but it’s common to use spreadsheet programs for much more than this. They 
are used to create data tables for publications, to generate summary statistics and make figures” (Bahlai, 2017). 

It is quite common to use a spreadsheet to perform data analysis using formulas, creating pivot tables, graphics, and 
various other elaborations. However, there is an important distinction between a standard spreadsheet and a curated 
dataset ready for publication.

	⟶ A spreadsheet is an asset for internal use among a research team, used to perform specific analysis. Without 
proper curation, it risks being completely unusable for future research projects, making it almost impossible to 
share with the public.

	⟶ A curated dataset is a reusable asset that can be released to the public as an independent product. It should 
contain only the raw data, and any additional elaboration must be removed (Fig. 1 and 2). It helps to preserve the 
integrity of the dataset, and to avoid the persistence of errors and bias (even when the data are collected to perform 
specific calculations, it is preferable to includes only the raw data, to avoid influencing future users).

Any elaboration may be presented as supplementary material within publications or contained in research reports.

As a general rule, formulas should be removed from the dataset spreadsheet tab. It is advisable to remove any oth-
er elaborations to avoid bias. Depending on the type of data, this may force the curator to delete entire spreadsheet 
columns. Sometimes, if the information is considered relevant, the cell value can be copied and pasted without the 
formulas. Still, in this case, the formula used for the calculation must be reported in the data dictionary (see section 6). 

Fig. 1. Graphics and figures should be removed from the spreadsheet tab.

Fig. 2. Formulas should be removed from the dataset spreadsheet tab. It is advisable to remove any other elaborations to avoid bias.
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3. Data Table 
While performing data analysis, it is quite common to organize multiple tables in the same spreadsheet, using blank 
rows or columns to separate the data. This choice may help visualization and comparison but will generate addition-
al problems because the computer is not able to distinguish among the different tables, creating false associations 
(Bahlai, 2017). Consequently, while curating the data for storage purposes, the table structure may require some ad-
justments.

If the extra tables need to be kept separated, they can be cut from the current spreadsheet and pasted in a new tab. The 
dataset will contain more tabs, each one containing a single table (Fig. 3). 

“When you create extra tabs, you fail to allow the computer to see connections in the data and you are more likely to 
accidentally add inconsistencies in the file” (Bahlai, 2017). If there is a link between the different tables, it would be pref-
erable to combine them into one. To avoid confusion, the author/curator should add a distinctive variable, for example 
a “Date” column to identify each day while organizing a series of measurements (Fig. 4).

Fig. 3. In order to avoid false association during data system readability, blank rows and columns 
should not be used to separate the dataset in different tables or sections.

Fig. 4. Improving the dataset column arrangements can reduce the number of tabs in your spreadsheet. 
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4. Structuring Data in the Spreadsheet
After re-organizing the basic dataset structure, the data needs to be properly organized in each spreadsheet. 

There are three main principles to follow (Bahlai, 2017): 

	⟶ Put all the variables as columns. Each column corresponds to a variable.

	⟶ Put each observation in its own row. Each row corresponds to an observation.

	⟶ Don’t combine multiple pieces of information in one cell. Each cell corresponds to one value (data).

To respect these principles, data must be organized following a fixed schema, where the field (or variable) names cor-
respond to the column header and the different observations are arranged in the related rows (Fig. 5).

4.1. Formatting Features
While presenting data, it is quite common to use special formatting features, such as merged cells, borders, colors, 
bold letters, to make them more visually pleasant, highlight certain elements, and help focus the attention of the reader. 
Although these features facilitate the human approach to data, they do not follow machine-readable standards, creat-
ing management and storage issues.

“Consider restructuring your data in such a way that you will not need to merge cells or other aesthetic features to 
organize your data” (Bahlai, 2017).

A curated dataset should have a simple structure of columns and rows, avoiding the use of special formatting features 
(Fig. 6).

Fig. 5. On the left, a not correct data organization is shown. On the right, it is shown the suggested data arrangement,  
where the columns correspond to variables, the rows to observations and the cells to values.

Fig. 6. Special formatting features should be removed from the tab to facilitate the next machine-readability processes.
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4.2. Column Headers
Alongside the use of special formatting features, it is quite common to display descriptive information in the column 
headers (e.g. dates, locations, measurement units). A similar arrangement does not follow machine-readable stand-
ards and consequently any descriptive information must be removed from the data tables to be recorded in the data 
dictionary or moved into a “Note” column created for this purpose (USDA, 2017).

We recommend organizing column headers according to the following principles (Fig. 7):

	⟶ Column headers should be short. “Consider a limited length of your variable names. Short names can be read by 
most of the software and for this reason, it is suggested to use variable names that are no longer than 8 characters, 
beginning with a letter” (IITA, 2019). 

	⟶ Column headers should indicate only the content of each column, without additional information. Unspecific codes 
(e.g. A.1, A.2, A.3) are acceptable if properly described in the data dictionary.

	⟶ Column headers should follow machine-readable standards, without spaces, hyphens or any other symbols. Only 
the underscore is allowed. “Underscores (_) are a good alternative to spaces. Consider writing names in camel case 
(e.g. TestName) to improve readability” (Bahlai, 2017).

4.3. Data Entry
NOTE: the following recommendations are directed to data curators and authors as well. The adoption of some of the 
curation principles during data compilation will help curators and speed up the curation process.

We recommend managing raw data according to the following principles:

	⟶ Data must be entered in a consistent way. The use of codes is highly recommended, but they should be written 
carefully, using the same format in terms of spaces, symbols and other characteristics adopted (Fig. 8). The same 
principle stands if codes are not used, and a cell contains plain text. In this case consistent spelling (especially 
relevant for local names) and concise structure are recommended (Fig. 9).

Fig. 7. Extra documentation should be removed from the tab, and the column headers should be written in a consistent way.

Fig. 8. The same code entered without using a consistent format (spaces and symbols) on the left  
and the same code entered in a consistent way on the right.
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	⟶ No more than one piece of information should be in a single cell. If further measurement details need to be added, 
it is recommended to add them into additional columns, keeping the values separated to prevent issues in the 
analysis and keeping the whole dataset structure clean. Although highly recommended, this is not always possible. 
Sometimes multiple pieces of information are present in the same cell, and it isn’t possible to separate them (or 
establish a clear priority among them). In similar cases, it is recommended to use | as separator (Fig. 10).

	⟶ No highlighted cells and comment. The use of these functionalities is practical while working on the data, but it 
represents a problem for storage since they may create problems for machine readability. Additional observations 
can be entered in a newly created “Notes” column (Fig. 11).

Fig. 9. The same “concept” expressed in different ways on the left, and the harmonized and consistent way to present it on the right.

Fig. 10. Examples about the use of separator when cell structure cannot be re-organized.

Fig. 11. On the left, a set of data with comments, highlighted cells, and column “B” that contains more than one piece of information 
in one cell (weight and sex). On the right, the curated dataset with the additional columns to enter all the different values 

 to facilitate dataset analysis.
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	⟶ No measurement units in cells. In general, measurement units will be reported in the data dictionary (under Ele-
ment description). Whenever multiple different units are used during data collection, and you need to enter this 
information in the dataset, consider adding an extra column to specify the measurement unit. 

	⟶ When writing text in cells (as for the “Notes” column in fig. 11), they can only contain text and spaces. This means 
that adding characters such as enter key and tab key must be avoided (Bahlai, 2017). 

4.4. Null/Missing Values
It is common for a dataset to contain null/missing values. During data collection, it may be easy to leave empty cells to 
speed up the process, but these null/missing values need to be properly handled during data curation.

We recommend managing null/missing values according to the following principles:

	⟶ Null/missing values must be represented differently from “0”. While “0” corresponds to measured data, null/miss-
ing value means that the data has not been measured.

	⟶ Explicit null/missing value are better than empty fields. It helps to maintain the dataset structure.

	⟶ Null/missing values can be represented in different ways, according to the required style of each statistical pro-
gram used to analyze the data. It is common to represent null values with blank cells, alternatively “NA” or “NULL” 
are good options (White, 2013). Other possibilities to indicate null or missing values is the use of numerical values 
(e.g. 999, -999) or other codes and text indications (e.g. Missing, No data, None, -, +), but these are not recommend-
ed since they can cause issues for the utilization of several software (White, 2013).

	⟶ It is essential to select a clear and consistent null/missing value indicator across the dataset (Fig. 12). As long as 
the null/missing value representation is consistent and documented, the next users can replace the choice for a 
null value independently, in accordance with the requirements of the software (Zwicker, 2016).

In general, we recommend adopting “NA” as a standard solution for null/missing values across MEL/Dataverse. Differ-
ent solutions can be adopted for specific data types, like “genetic data” (see chapter 7 for more details).

Fig. 12. Inconsistent missing values on the left and null values correctly managed on the right.

4. Structuring Data in the Spreadsheet
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4.5. Dates and time
There are different standards to register dates and time, and each data collection software manages those data ac-
cording to some spreadsheet program default standards. Without proper description, this situation may create ambi-
guities in the dataset, making it impossible for future users to know which standard was utilized at the time of creation. 
Furthermore, the use of Microsoft Excel special format (e.g. “Short Date” and “Long Date”) may be lost during storage. 
To avoid these issues, the special functionalities available must not be used since they are usually guaranteed to be 
compatible only within the same family of products (Fig. 13) (Bahlai, 2017).

The recommended format to store dates and time is based on International Organization for Standardization (ISO 
8601:2004): YYYYMMDD for dates, hhmmss using the 24-hours notation for time. When the two pieces of informa-
tion are represented together, it becomes YYYYMMDDhhmmss. “For example, March 24, 2015 17:25:35 becomes 
20150324172535. Such strings will be correctly sorted in ascending or descending order and by knowing the format 
they can then be correctly processed by the receiving software” (Bahlai, 2017).

Another option to remove any ambiguity in the dataset is to store the values of years, months, days, hours, minutes and 
seconds in different columns. In fact, “treating dates as multiple pieces of data rather than one makes them easier to 
handle” (Bahlai, 2017).

4.6. Coordinates
Coordinates are an important component of data collection, allowing to track the position of where the measurements 
have been taken. 

There are several ways to report latitude and longitude data, based on personal preferences and specific software 
requirements. Although they are all equally valid, the recommended standard for the representation of them is using 
decimal degrees (DD), since they guarantee the possibility of treating latitude and longitude as a simple and numeric 
value facilitating any next software interpretations (Callahan, 2009). Consequently, any coordinates reported in a differ-
ent way need to be converted during the data curation process (Fig. 14).

Thus, based on the proposed standard (Callahan, 2009):

	⟶ Latitude is stored as numeric values in the range of [-90,90] with units of decimal degrees. Positive values indicate 
the Northern hemisphere while negative values indicate the Southern one.

	⟶ Longitude is stored as numeric values in the range of [-180,180] with units of decimal degrees. Positive values 
indicate the Eastern hemisphere while negative values indicate the Western one.

Fig. 13. Adoption of software specific format on the left and adoption of no software specific format on the right.
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Coordinates, when associated to personal possessions (e.g. house, farmstead, etc...) are Personally Identifiable Infor-
mation (PII) and may pose a security risk for the respondent. Consequently, they must be handled carefully like any 
other personal data (see section 4.7). 

4.7. Personal data
“Data assets shall be managed responsibly, with due regard to privacy and ethical considerations in accordance with 
the relevant sections of the CGIAR Research Ethics Code and relevant policies on personal data protection”.

According to the CGIAR Research Ethics Code, CGIAR must protect the privacy of individuals and maintain the con-
fidentiality of PII which, alone or collected together, can lead to the identification of a particular person or household, 
such as:

	⟶ Name and surname 

	⟶ Home addresses

	⟶ Email address

	⟶ Phone or mobile number and the advertising identifier of a phone

	⟶ Identification (ID) card number, social security number or similar ID

	⟶ Location data including the location data function on a mobile phone

	⟶ Geospatial coordinates of personal or household assets, including homesteads and fields owned and/or managed 
or used by subjects

	⟶ Internet Protocol (IP) address or a cookie ID

	⟶ Any other identifier that allows for the identification of a person or a small group of persons, including people’s 
images or voices

	⟶ Nationality, religious beliefs or any other personal identifier, when collected together with any of the above (CGIAR 
System Management Office, 2020).

All these data can be grouped in three categories:

	⟶ Direct PII: e.g. name, address, phone numbers.

	⟶ Indirect PII: any information that allows for the identification of a person or a small group of people. The relevance 
of this type of information is highly context dependent, it can include, for example, jobs, religion, household assets 
(like houses and cars), household special characteristics. 

	⟶ Granular geo-spatial information: location data and geospatial coordinates.

Fig. 14. On the left, in bold, the suggested standard for coordinates representation. On the right, latitude and longitude expressed 
in decimal degrees in a set of data.
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In general, PII data collected by CGIAR must not be shared with third parties without explicit permission from partici-
pants. When the sharing of personal information has been authorized, the dataset should include the following consent 
declaration: “Personal information including Name, Business Title, Email, Phones, Images and GPS points included in this 
report have been authorized in writing or verbally by the data subject”.

Some PII may be relevant for research purposes and can be stored on secure internal repositories, however, they must 
not be released or made public. During data curation, all PII data must be anonymized through encoding, or removed 
from the dataset.
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Once curated, the dataset needs to be converted from a licensed software format (e.g. Microsoft Excel), which can be 
opened only using the same family of products with specific supported versions, to a stable format, like CSV. 

Storing the dataset using licensed software format such as Microsoft Excel, could generate problems in the future: the 
dataset may not open using other software or even using Microsoft Excel itself, if it was created using an older version 
that is not supported anymore, making it effectively unusable, and all the data practically inaccessible. For storage pur-
poses, it is important to save the dataset in a consistent format that can be read well into the future and is independent 
of changes in applications. 

The CSV or comma-separated value file is the preferred data format for most data repositories, and it is recommended 
for publishing machine-readable tabular data. A CSV file is compatible with many licensed and open-source products, 
including statistical analysis software, ensuring that the file can be read well into the future. In this way, the dataset will 
last well beyond the current scope, keeping its validity for future research purposes.

5.1. CSV File Format
CSV is a text delimited file that uses a comma to separate values. It is a common data exchange format that is widely 
supported by consumer, business, and scientific applications (Comma-separated values, 2018). This wide applicability 
“means that the data in CSV format has less chance of becoming obsolete due to inaccessibility, having longer lon-
gevity than licensed file formats. In addition, CSV files are more versatile and machine-readable (computer can extract, 
transform and process the data)” (USDA, 2016).

“The final goal is to have a single spreadsheet page with a single column header row at the top of the page” (USDA, 
2016). Following the indication from sections 2 to 4 allows a fast and easy conversion to CSV format. This is a summa-
ry of some key points that need to be checked before going through the conversion process (USDA, 2016):

	⟶ Data must have a single column header row to label the dataset variables. 

	⟶ The use of commas must be avoided as much as possible. Since the CSV delimiter is a comma, extra commas in 
the text can cause errors in interpreting/converting the data. 

	⟶ It is not possible to save in CSV format a spreadsheet that contains more than one tab. Datasets that contains mul-
tiple tabs needs to be combined into one table or separated out into different spreadsheet tabs and consequently 
various files (for example, if the dataset Excel file contains 5 different tabs, at the end of the process the dataset 
will be comprised of 5 different files containing one tab each). 

	⟶ Each file is a self-contained spreadsheet with a single tab and no other extraneous information (even the blank tabs 
have been deleted from the file).

	⟶ All the CSV files must be named with a consistent and descriptive title so that it is easy to identify their data content 
(Hodge, 2015).

5. Stable File Format
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6. Data Dictionary
“Data dictionaries are used to provide detailed information about the contents of a dataset or database, such as the 
names of measured variables, their data types or formats, and text descriptions. A data dictionary provides a concise 
guide to understanding and using the data” (USDA, 2016). 

The creation of a separate data dictionary also helps keep the raw dataset clean and easy to analyze. 

A complete data dictionary plays a crucial role in ensuring user comprehension and data reusability in the future in 
multiple ways:

	⟶ It helps the dataset author(s) to remember all the details about the data over time.

	⟶ It facilitates data sharing with collaborators, helping them to understand and use the data files.

	⟶ It helps new users who are “totally unfamiliar with the data, to pick up that data, understand and reproduce the 
results or reuse these for new research” (Briny, 2015). Through reusability it can also improve the credit of the da-
taset.

The data dictionary makes the difference between having a re-usable dataset for research purposes or not. “It is not 
necessarily a documentation about the data themselves but basically a documentation to give the context of under-
standing that data” (Briny, 2015).

In general, when data is managed in professional databases, it is possible to automatically generate data dictionary by 
the available tools in the software (e.g. look-up tables). “This will provide a document that is consistently formatted and 
contains what is needed for others to understand your data” (USDA, 2016).

When data is managed in spreadsheets, text files, or comma-separated values, the data dictionary must be created 
manually. To support machine-readability, it is recommended to prepare the data dictionary as a spreadsheet. In case 
it is preferred to prepare it as a .doc or .pdf, the table in the document should be easily extractable (USDA, 2016).

The data dictionary is composed of three files in CSV format, containing three different levels of dataset information. 
All combined these elements can be referred to as the dataset “metadata”:

	⟶ Data Dictionary — Introduction: Where introductory and background explanatory information is reported.

	⟶ Data Dictionary — Elements Descriptions: Where the datasets fields (variables/columns) are listed with their re-
lated information.

	⟶ Data Dictionary — Unique Identifier: Where the dataset elements, terms, and concepts are identified and clarified 
by reference links to the online resources (e.g. multilingual thesauri, glossaries, catalogs).

When using Microsoft Excel to create the data dictionary files, in order to save them in CSV format, the principles pre-
viously explained for the dataset structure need to be followed during the creation of these documents.

6.1. Data Dictionary — Introduction
The “DataDictionary_Introduction” file provides general explanation about dataset content and the context of the re-
search project. The “DataDictionary_Introduction” template used by the DM sub-team has a standardized structure, 
with some optional elements.
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The mandatory fields of the template are the following: 

	⟶ Description: A rich and full dataset description that explains how and why the dataset was generated and informs 
how it should be used. Make sure that in this description are present the experiment settings (e.g. location, climatic 
conditions), data collection and processes, methods, equipment used, possible resources and any limiting factors 
(USDA, 2016). It should also include the design elements that are important for interpreting the data (e.g. target 
population, stratification, sample, size). 

	⟶ Summary: “A shorter description of the dataset, usually no more than a sentence or two” (USDA, 2016). 

	⟶ Start_Date: The date on which the data collection starts. 

	⟶ End_Date: The date on which the data collection ends. 

	⟶ Author: Dataset first author. 

	⟶ Coauthor: Dataset co-author(s). 

Additional fields can be added to the template, in case more information needs to be reported (CGCore, 2019). For 
example, this tab may include author Open Researcher and Contributor IDentifier (ORCID), site coordinates (single 
location only, otherwise coordinates need to be reported inside the raw data), notes about data management.

6.2. Data Dictionary — Element Description
The “DataDictionary_ElementDescription” file is the most important component of the data dictionary, ensuring user 
comprehension and data re-usability in the future. It provides a detailed explanation for each dataset variable/head col-
umn, including the variable names, measurement units, formats, and definitions of coded values (ORNL DAAC, 2018).

The standard structure includes the following fields (USDA, 2016):

	⟶ Spreadsheet_Tab: If the dataset has multiple tabs, the column contains the name of the spreadsheet tab where 
the variable/head column is present. 

	⟶ Element_DisplayName: The dataset element name as shown in the head column. 

	⟶ Description: “A brief and complete element definition, stated in the singular, that could stand alone from other 
elements definitions” (USDA, 2016). It is important that descriptions are meaningful, avoiding the text holding zero 
information (Fig. 15). 

Fig. 15. Inconsistent missing values on the left and null values correctly managed on the right.
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	⟶ Unit: The measurement unit adopted for the element (if applicable). 

	⟶ Data_Type: The type of data values contained in the field (e.g. integer, decimal, text). 

	⟶ Character_Length: The maximum length of data values contained in the field. 

	⟶ Acceptable_Values: The list of acceptable values contained in this field. The symbols adopted (Pipe or vertical 
bar “|”to separate values, comma between brackets “[a,b]” for the range, etc.), are based on the ISO standards (ISO 
80000-2:2009, 2009). 

	⟶ Required: Express the requirement of values in the field for dataset status and validity. It is indicated by y (yes) or 
n (no). If yes, null values are not accepted for this field in the dataset. 

	⟶ Accepts_NullValue: Express the possibility of null values in the corresponding dataset field. This is required to 
run calculations on the data. It is indicated by y (yes) or n (no). If yes, null values are accepted for this field in the 
dataset. 

The structure of the “DataDictionary_ElementDescription” file is based on the raw data structure, with each row corre-
sponding to one of the column headers. If there are four columns in the data tab, the “DataDictionary_ElementDescrip-
tion” will have at least four rows corresponding to the four data tab columns (Fig. 16).

Whenever a dataset is composed of several files (or multiple spreadsheet tabs), the various elements must all be listed 
in the same “DataDictionary_ElementDescription” file. In this case, it is good practice to add a row with a description 
of each spreadsheet tab (Fig. 17).

6. Data Dictionary

Fig. 16. Column headers arrangements in the “DataDictionary_ElementsDescriptions” spreadsheet.

Fig. 17. Column headers and tab description rows arrangement in the “DataDictionary_ElementsDescriptions” spreadsheet.
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6.3. Data Dictionary — Unique Identifier
While compiling a dataset, it is common to assume the use of certain terms to be clear, but it is not always the case, 
especially outside the research team. The “DataDictionary_UniqueIdentifier” file contains terms and concepts relevant 
to the datasets with the corresponding links to online resources (e.g. multilingual thesauri, glossaries, catalogs). This 
reduces any ambiguity and possible misunderstanding on the dataset’s subjects (e.g. plant species, animals). We rec-
ommend listing the same terms and concepts that can be used as keywords on MEL metadata. 

The “DataDictionary_UniqueIdentifier” file is composed by the following fields (Fig. 18): 

	⟶ Spreadsheet_Tab: The column contains the name of the spreadsheet tab where the identified element is men-
tioned. If the identified element is mentioned in multiple spreadsheet tabs, each one of them can be listed using 
“|” as separator. Alternatively, if the identified element is common to all spreadsheet tabs, it can be indicated as 
“All_Spreadsheets”.

	⟶ Element_DisplayName: The name of the identified element. Potentially all the dataset elements (e.g. values, titles) 
can be identified to solve any possible ambiguity. While listing the same terminology is recommended, in the case 
of local/colloquial names we suggest listing them alongside scientific names (e.g. Hessian fly (Mayetiola destruc-
tor)).

	⟶ Unique_Identifier: The column lists reference links or preferably Uniform Resource Identifiers (URIs) from online 
resources (e.g. multilingual thesaurus). A URI is a unique identifier that makes content addressable on the Internet 
by uniquely targeting items (Rouse, 2014). 

	⟶ Source: The name of the online resources adopted to identify the URIs or other links of reference (e.g. AGROVOC, 
USDA). 

Fig. 18. Representation of a standard “DataDictionary_UniqueIdentifier” file. In case of need, the “Notes” column can be added 
(Source: Khawam, 2017b).
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7. Unusual Data Format
Having curated over 300 datasets stored on MEL since 2019, the DM sub-team have encountered a few types not fitting 
the standard curation procedure. The following are the most common ones we were able to standardize.

Genetic data are usually stored as SNP dataset, composed by two white-space (space or tab) delimited files:

	⟶ Pedigree file format (PED) is an original standard text format for sample pedigree information and genotype calls. 
The file has no header line, and one line per sample with 6 standard variables plus additional 2V, where V is the 
number of genotype markers.

Variable Variable description
Family_ID Family ID
Sample_ID Within-family ID
Paternal_ID Within-family ID of father
Maternal_ID Within-family ID of mother
Sex Sex of the animal
Phenothype Phenotype of the animal

	⟶ MAP is a variant information file accompanying a PED file. The file has no header file, and contains information 
about each marker form the PED file with the following 3-4 variables:

Variable Variable description
Chromosome Chromosome number: the value 0 corresponds to unmapped/unplaced
rs Accession number referring to a specific SNP (single nucleotide polymorphism)
Genetic_Distance Genetic distance between markers
Base-pair_Position Base-pair position

This type of file is not unusual per se, and it is well known to experts of the subject. However, even if it may need no 
further explanation, without a data dictionary, it does not fit all the requirements of a curated dataset on MEL repository.  
Since this format cannot be modified without losing its functionality, the recommended curation procedure for genetic 
data is to prepare a separated data dictionary, describing the standard structure of a PED/MAP file, while storing the 
original data in a ZIP folder.

A Photo-dataset is composed of a series of photos/images (usually in JPEG/JPG or PNG format), with or without 
additional information. The recommended curation process is to organize the data in a spreadsheet, assigning one line 
per photo, and registering its ID. If other information is available (e.g. date of creation, location), it is possible to add how 
many variables as needed. Once the data is organized, a standard data dictionary can be prepared. The management 
of this type of dataset is generally quite simple, although it could be time-consuming. Depending on the number of 
photos, they can be stored as single files, one or multiple ZIP folders.

A Data-map is a dataset composed of one or multiple maps (usually in TIFF, JPEG/JPG or PNG format). The recom-
mended management is similar to the one of photo-dataset. Since each TIFF file is composed of multiple file formats, 
we recommend storing each one in a ZIP folder.

A dataset may include Supplementary materials of some kind (e.g. photos, field layout), in addition to raw data. This 
material is not data per se, but it could provide context information to the user. All supplementary material can be 
stored directly with the CSV file or linked from another asset already stored on MEL. We recommend listing all supple-
mentary material at the end of the element description spreadsheet (Fig. 20).
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Fig. 19. Example of supplementary materials listed in the element description spreadsheets with and without links.
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8. Conclusions and Recommendation
Dataset curation practices can be challenging depending on the status of the data. In general, they are based on a 
standardization of the dataset contents and the creation of the necessary documentation. 

Following the practices mentioned before, starting from a dataset file in Microsoft Excel format, we end with multi-
ple files in CSV format: three files forming the data dictionary and a variable number of files containing the raw data 
(excluding any supplementary material described in see section 7). Dataset types not described in the present guide 
may require adopting ad hoc solutions. The Data Management sub-team will take care of standardizing their curation 
processes and updating the guide in the future.

In general, it can be hard and expensive, in terms of money and time, to deal and take care of the dataset curation pro-
cesses when the data were managed and analyzed a long time before. For this reason, the greatest recommendation 
is to take care of all these aspects since data collection; so that these practices become an integral part of the author’s 
work thus reducing the heaviness of this activity as well as ensuring better results.

In addition, the DM sub-team can also help develop Data Management Plan (DMP) and draft data papers. 

A DMP is an internal document developed in collaboration with the project manager that allows the DM sub-team to 
evaluate in advance what kind of support the project may need for the data curation/publication, to better allocate re-
sources in the yearly workplan, and to publish any data assets in time to fit the deliverable deadline. 

The DM sub-team encourages the drafting of data papers on interesting/innovative subject. A data paper is a scientific 
publication that describes the data and is used to share datasets, thereby improving their re-usability, and facilitating 
reproducibility and findability. It increases traffic towards associated research articles and data, leading to more cita-
tions and more collaborations. 
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