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Abstract: The Common Metadata Repository (CMR) contains metadata records describing NASA’s Earth observation data products which are archived across 12 data centers also known as Distributed Active Archive Centers (DAACs). To ensure that NASA’s data is discoverable, accessible, and usable, the Analysis and Review of CMR (ARC) Team, located at Marshall Space Flight Center, assesses the quality of these metadata records. The ARC team currently uses a combination of automated and manual methods to check metadata records for quality dimensions such as completeness, correctness, and consistency. In addition to these quality assessments, the team is currently exploring various metadata scoring methods in order to provide normalized results across the twelve DAACs. This method is conducted by using automated methods to assess metadata fields and then provide a numeric score, or grade, based on the analysis. To implement this process, two different approaches have been theorized and are currently being explored by the ARC team. This presentation will describe ARC's two proposed methodologies in more detail, and the pros and cons to using these metadata scoring methods.

Poster Content:

I. Background Information

The Analysis and Review of the Common Metadata Repository (CMR) team, also known as ARC, performs quality assessments of metadata records that describe NASA's collection of over 8,000 Earth observation data products. A combination of automated and manual approaches are utilized to assess records for correctness, completeness, and consistency, in order to ensure that NASA's data is discoverable, accessible, and usable to end users. In support of this effort, the ARC team is currently exploring various metadata scoring methods as a means to provide a consistent, and ideally automated, quantitative metric of metadata quality. Two different metadata scoring approaches have been theorized and are currently being explored by the ARC team. This presentation describes the two approaches and offers preliminary results from testing each method on a subset of previously assessed metadata records.

II. Techniques from Other Organizations
The ARC team began by reviewing techniques used by other organizations in order to draw inspiration for their own metadata scoring module. The team was most influenced by the following methods:

1. National Oceanic and Atmospheric Administration (NOAA)
· NOAA's Completeness Rubric V2 assesses metadata elements for completeness (Milan, 2017)
· Evaluates a mixture of required and conditional fields that align with 10 categories 
· Each element gets a score of 0 or 1
· Results are displayed in a table (see image below) (NOAA, 2004)
· Total score is displayed as a percentage
· Operates on ISO metadata
· Standards were determined by the NOAA Metadata Working Group and evolved from Ted Habermann's first NOAA rubric (Milan, 2017)
[image: ]
2. The Beyond Data Discovery: Shared Services for Community Metadata Improvement Project (MetaDIG) (Habermann, 2019)
· Automated checks for metadata completeness and metadata and data congruency aligning with 4 categories (Jones, 2016)
· Assesses a mixture of required and optional fields
· Each category is scored and expressed as a percentage
· A Metadata Quality report is provided including a hierarchy of messages: Passed, Warning, Failed, and Informational (see image below)
· Operates across dialects
· Collaboration among Data Observation Netword for Earth (DataONE), the HDF group, and the National Center for Ecological Analysis and Synthesis (Jones, 2016)
· Standards based on the FAIR principles

[image: ]

III. Method 1: Integrate existing ARC metrics

ARC conducts metadata quality assessments using a tool called the CMR Metadata Curation Dashboard. Using the tool, the team evaluates each metadata element for correctness, completeness, and consistency. Each element is then assigned a color within the dashboard to show the priority of any findings.  
In the team's first approach of metadata scoring, colors assigned within the dashboard are extracted using web scraping. Then, a score is calculated based on the extracted colors and displayed in a table.
The figure below illustrates ARC's priority matrix and the corresponding scoring method.
	Priority Category
	Justification
	Points Earned

	Red = High Priority Findings
	High priority findings are concerned with completeness, accuracy and accessibility, and are required to be addressed by the data provider.
E.g. Broken data access links, outdated/incorrect information, use of invalid keywords, missing required fields
	-1

	Yellow = Medium Priority Findings
	Medium priority findings emphasize consistency and completeness. It is strongly encouraged that these be addressed.
E.g. no link descriptions, inconsistent labeling of resources
	0

	Blue = Low Priority Findings
	Low priority findings include additional information that may be provided to make the metadata more robust or complete, but likely has minimal impact to the user experience.
E.g. updating links to https, providing spatial keywords
	0.75

	Green = No findings
	Elements flagged green are free of findings. Green flagged elements require no action on behalf of the data provider.
	1


Score calculation:
score = [(1g -1r + 0y + 0.75b) / T] *100 
Variables:
g = number of green fields
r = number of red fields
y = number of yellow fields
b = number of blue fields
T = total number of fields
[bookmark: _GoBack]The advantages and disadvantages of using this method for metadata scoring are summarized in the chart below.
	Advantages
	Disadvantages

	Uses existing ARC metrics 
	Since APIs currently do not exist in the CMR dashboard, this method relies on web scraping. If the site’s html changes, this could cause issues moving forward.

	Operates across all CMR supported dialects
	Relies heavily on the manual efforts of ARC team members

	Output table provides record identifier and its associated metadata score
	Output table does not indicate which fields are red, yellow, blue, etc., since the dashboard provides this type of detailed summary



The thumbnail below demonstrates the execution of the Method 1 script:
[image: ]

IV. Method 2: Applying the ‘Common Framework for Earth-Observation Data’
This approach is based on the "Common Framework for Earth-Observation Data", which was developed by the Committee on Environment, Natural Resources, and Sustainability of the National Science and Technology Council. This document outlines a set of suggested standards for data (Common Framework, 2016). It focuses on data management in the following categories:
· Data Search and Discovery Services
· Data-Access Services
· Data Documentation
· Compatible Formats and Vocabularies
In the team's second approach of metadata scoring, ARC restructured the categories as follows, combining 'Data Documentation' and 'Compatible Formats and Vocabularies' into one group 'Data Usability':
· Data Discovery
· Data Accessibility
· Data Usability
The team used the Common Framework standards to identify metadata elements that align with the restructured categories. Then, a series of automated checks were developed to perform on the metadata. These 15 checks are summarized in the table below.
[image: ]
For each field that meets the criteria, 1 point is earned. Then, a score is calculated using the following method:
score = (s / 15) * 100
Variables:
s = sum of all points earned
Results are displayed in a spreadsheet with a summary report that provides record identifiers and their associated metadata scores. The spreadsheet also includes a detailed report for each record providing additional information on fields that passed or failed.
The advantages and disadvantages of using this method for metadata scoring are summarized in the chart below.
	Advantages
	Disadvantages

	Fully automated
	Does not score components that need a manual check (e.g. quality of abstract, accuracy of keywords, etc.)

	Operates across all CMR supported dialects
	

	Offers both a summary report (i.e. record id and its associated metadata score) and a detailed report for each record (i.e. fields that passed or failed)
	



The thumbnail below demonstrates the execution of the Method 2 script:
[image: ]

V. Preliminary Results
Following ARC's initial assessment, metadata records are then updated and reevaluated. Metadata scoring provides an opportunity to show quantitative metrics for metadata quality improvement through this process. While the metadata scoring methods are an ongoing effort, the team was able to produce some preliminary results. ARC scored and averaged a subset of previously assessed metadata records across multiple data centers to produce the following results.

Method 1 Results:



As seen in the graph above, Method 1 produces an initial average score of 59%. Following updates based on ARC's initial assessment, the average score increased to 88%.

Method 2 Results:


The graph above illustrates that Method 2 produces an initial average score of 64%. Following updates based on ARC's initial assessment, the average score increased to 85%.
Both methods were tested on the same subset of metadata records, and they both show quantitative improvements in metadata quality, thus achieving the team's preliminary goal. Method 1 exhibits an increase of almost 30%, while Method 2 indicates an increase in nearly 20%. The differences in these two results originate from the way their respective scores are calculated. Method 1, for example, assesses all metadata elements within a record (which can sometimes include over 100 fields), and scores are weighted based on color composition. In contrast, Method 2 evaluates the same 15 fields for each metadata record, scoring elements as 0 or 1. Since this is an ongoing effort, further development and experimentation is necessary to accurately determine which method works best for the team's uses and NASA's broader metadata community.   
VI. Next Steps
Although the team was able to produce some results, this experiment is still ongoing. A few items that ARC would like to explore moving forward are listed below:
· Currently, the scripts are only scoring collection-level (dataset-level) metadata records. ARC would like to expand these scoring methods to also assess granule-level (file-level) metadata records.
· Method 2 is providing a score of 0 or 1 for each element. In the future, the team would like to experiment with weighting scores for more important fields (i.e. abstract, data format, etc.)
· Method 1 relies on manual metadata reviews to produce a score. Moving forward, the team would like to experiment with machine learning to make the method more automated.
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Method 1

Initial	Final	59.050220000000003	88.277649999999994	
Score (%)



Method 2

Initial	Final	64.392160000000004	84.862750000000005	
Score (%)



image1.png
Completeness Score: 95% + 10 ABOUT COMPLETENESS RUBRIC
. ____________________________________________________________|]

Resource Hierarchy Level: fieldSession’ ? Status: ‘completed’

MORE INFORMATION

CONTACT
CATEGORY . SCORE RUBRIC REQUIREMENTS
Identification 100% + 3 Required
Access + 1 Conditional - not required when Resource Hierarchy Level ="fieldSession' or Status="planned".
Coverage 50% + 2 Required
Content +0 Conditional - not required when Resource Hierarchy Level = 'fieldSession".
History 100% + 0 Required
Quality +0 Conditional - not required when Resource Hierarchy Level = 'fieldSession".
Connections 100% + 1.0 Required
Metadata 100% + 0 Required
Associated Resource + 2 Highly Recommended
Attribution +1 Highly Recommended

Identification Access Coverage Content History Quality Connection Metadata Resources Attribution

Identification  The Identification Category provides content needed for basic discovery of the resource. It includes the fitle, an abstract, theme keywords, point of contact, status and Resource Hierarchy Level.
Category

8/8+3
LABEL (COUNT) RULE SCORE METADATA CONTENT GUIDANCE: XPATH AND 1SO EXPLORER LINKS
Resource Hierarchy ~ Required 1 fieldSession Igmi:MI_Metadata/gmd-hierarchyL evel/gmd:MD_ScopeCode/@codeListValu

P -




image2.png
Metadata Quality report for doi:10.18739/A2G62B

After running your metadata package against our standard set of metadata, data, and congruency checks, we have found the following potential issues. Please
assist us in improving the discoverabilty and reusability of your research data by addressing the issues below.

Suite:  arctic.data.center.suite.1 i

Identification: 58% complete

23 Discovery: 80% complete
checks
Metadata: 0% complete
Interpretation: 67% complete
@ Passed 12 checks out of 18. Good job! +
A Warning for 3 checks. Please review these warnings. +
© Failed 3 checks. Please correct these issues. +

© 5 informational checks. These may include skips, errors and failures. +




image3.gif




image4.png
Category

Field

Description of Check

Data Discovery.

[AccessConstraints

[Checkif Access Constraints/Restriction information is populated.

Data Discovery _[DOI [Checkif DOI field is populated.

Data Usability _|Version [Checkif Version field is populated.

Data Usability _|Quality [Checkif Quality field is populated.

Data Usability _|spatialExtent [Checkif Spatial Extent is included in metadata.

Data Usability _|TemporalExtents [Checkif Temporal Extents are included in metadata.

Data Discovery.

Entry Title/Short Name

[Check if Entry Title is identical to Short Name.

Data Discovery.

[science Keywords

[Checkif Category, Topic, and Term keywords are provided.

Data Accessibility

OnlineAccessURL

[Checkif direct download access is provided (i.e. at least one link with type ‘GET DATA').

Data Accessibility

OnlineResourceURL/RelatedURLs

[Checkif additional contextual documentation is provided (i.e. at least one link with type
'VIEW RELATED INFORMATION').

Data Accessibility

RelatedURLs/Subtype

[Checkif at least one URL with a subtype from the following list: ['WEB MAP SERVICE (WMS)',
'WEB COVERAGE SERVICE (WCS)','OPENDAP DATA', 'GIOVANNI, 'THREDDS DATA',

[Checkif at least one URL with a subtype from the following list: ['WEB MAP SERVICE (WMS)',

Data Usability _|RelatedURLs/Subtype 'WEB COVERAGE SERVICE (WCS)','OPENDAP DATAT.

Data Usability _|Collection Progress/ Collection State_|Check if Collection Progress matches the controlled vocabulary.
Data Usability _|Data Format [Checkif Data Format is included in the metadata.

Data Usability | Data Format. [Check i Data Format is GCMD compliant.
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