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Statistical classifications
Discrete categories represented by codes

 U.S. states and counties
 Industry
 Occupation
 Illness, injury, medical treatment
 Patent technology category

Data sets offered by the U.S. government 
use many of these.

 Our interest: Use & augmentation of 
classification variables in data sets
 Mark data sets using a particular classification 

(data.gov)
 Offer that info through a Web API
 Machine-readable versions, ancillary tools
 Share government practices
 Create long time series, even if classifications 

have changed, via crosswalks or imputation

Enriched catalogs of 
classifications could help
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FAIR principles
15 principles under these four guidelines/topics, 

supporting machine-actionable data and metadata
 Findable
 Accessible
 Interoperable
 Reusable
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Motivation – Problem (1)

 In a data set, you encounter a column, with Industry Code, with 
values

111140, 111150, 111160, 111211
 Are these from NAICS, SIC, or maybe even ISIC?
 Which version? Are multiple versions used?
 Are the codes provided valid?  How to check?
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Motivation – Problem (2)
 Previous example is with industry
 Same for occupation, product, disease, and others
 What & where are the referenced classifications?
 Which version is in use?
 Are there crosswalks to other versions and languages?
 Is there a file readable by a machine?
 Can we automate quality review?
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Machine-actionable classification schemes

Classification management systems, or “classification servers” 
offer linked data on classifications, in different ways
 XKOS: an RDF vocabulary to publish classifications as Web Linked Data
 Colectica: uses DDI Lifecycle standard for classification management
 Aria:  software for managing classifications used by Statistics Canada 

and Statistics New Zealand
 Schema.org offers formal metadata on classifications

These systems can manage crosswalks (correspondences) between 
classification systems.  
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Industry category systems
 NAICS is most common here.
  Shared with Mexico and Canada
  Census offers detailed crosswalks 

between NAICS versions

 Historically SIC, before 1997
Had different organizing principles

 NACE in EU
 ISIC internationally (UN)
 These are hierarchical
  with hundreds of subcategories
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Geospatial classification systems
 Geographical areas
 Related to human-readable maps 
 Machine-readable shapefiles and polygons
 Used for administration and survey methodology

 Challenge: change over time
 Borders, jurisdictions, hierarchy
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States
Counties
FIPS
Zip codes
hydrological areas
voting districts

ISO 3166 
Census region
RUCA
PUMA
CBSA
MSA
SMSA
Sensor data
Census blocks

Connecticut’s 8 counties and 9 regions  (Cassidy (2019) and Ratcliffe presentations) 



Occupations: Census and IPUMS
Univ. of Minnesota Population Center site 
offers augmented population Census data 
sets.

Includes original Census occupation in one 
variable (column) of Census or CPS or ACS 
data. These align to SOC over time.

Also offers standardized occupations from 
one year’s classification for many other years 
(notably occ1950, occ1990, occ2010).

A data user chooses which ones to 
download. 9



Mapping between occupation classifications
A crosswalk is a mapping between discrete categories in one classification to categories 
in another.  A crosswalk can usually be represented as a matrix.

Example:  Occupations in Census 1990 and Occupations in Census 2000. The Census 
Bureau offers detailed crosswalks.  They include percentages of each source category 
going into each destination category.

 Computer programmers to database administrators and Web designers

A crosswalk leaves out micro information; a more precise mapping can come from 
using many variables at once.  Example on next slide.
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Mapping between occupation classifications
A computer program could use more than two variables from 
the source data to find good matches for an observation in an 
external classification, using statistical modeling, or AI/ML

E.g. for a 1960 “lawyer or judge” one can use age, income, 
employer, location, etc. as predictors to impute “lawyer” or 
“judge” to each observation and thus split the category.
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Random forest-type decision tree for 
imputing flag lawyer or judge from three 
variables in random forest structure 
(Asher and Meyer 2021)



Patents classified by technology
There are many technology-classification systems for patents historically.

USPC, IPC, CPC, others in other countries
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Wikidata & Wikipedia can store classifications
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 Wikidata entries are Linked Data and accessible by 
Web API; some have associated Wikipedia articles
 Free and public
 This approach allows citizen science, e.g. filling things in, 

crosswalks
 A catalog could have detailed wiki pages with titles such 

as “Industry NAICS-2017-21”, on this or another wiki
 A page about a classification/category could list or link 

to key terms, translations, crosswalks, predecessor 
categories, successors, parallels in other systems, e.g. 
translations across languages.

 Useful. It isn’t an official “controlled” vocabulary



Goals of this research
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 Envision catalogs of statistical classifications
 Move toward FAIR goals regarding classification services
 Develop a broad understanding of this issue in the statistical community
 Describe solutions
 Build a prototype system  (https://econterms.net/dg) 

https://econterms.net/dg


Conclusions
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We don’t have a general machine-readable catalog meeting FAIR principles.
 Web sites provide a lot of information addressing statistical classifications
 Catalog services could help apply classifications to data
 Interpret classifications in data, find data using certain classification 

systems
 Services will help translate and map between classifications. 
 Concordances may be increasingly machine readable – FAIR – for AI/ML 

systems
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