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ABSTRACT

 This paper introduces the implementation through R of the methodology used 

to calculate a labour market concentration (Herfi ndahl-Hirschman) index for European 

urban areas, based on a database of over 100 million online job advertisements. After 

introducing the broader context and the motivation for the analysis, the authors de-

scribe the overall processing workfl ow. In addition, the paper presents in more detail 

the solutions provided to two main challenges encountered: addressing computational 

effi  ciency by using parallel computing and cloud data querying; and a custom-built ma-

chine learning model to classify an important variable for the study (company name). 

Finally, the paper discusses the main rationales for using R and for sharing the code in 

a public repository.

 Keywords: R, Big data, Online Job Advertisements, Labour market

INTRODUCTION
 

 The last years have seen a steep increase in the use of web data as 

new and non-traditional data source to complement offi  cial statistics. The 

Web Intelligence Hub is an initiative led by Eurostat and aimed at fostering 

cooperation and building the necessary capabilities in the European Statistical 

System (ESS) to collect and process web data to derive meaningful information 

for statistical purposes. 

1. Corresponding autor: andrea.ascheri@ec.europa.eu 
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 The experimental work presented in this paper stems from the activities 

performed by various statistical offi  ces of the ESS within the recent ESSnet 

Big Data II project (ESS, 2020). The objective of this paper, after introducing 

the topic, is to present more in detail the R code behind this experimentation 

and to describe the overall workfl ow as well as a few solutions implemented. 

In particular, this paper focuses on a two-step algorithm proposed to process 

the company names, which are critical for calculating the competition between 

employers in the hiring market.

 Section 1 Background and motivation presents the rationale behind 

this experimental study and the importance of the data source used. Section 2 

Methodology describes in detail the dataset and the applied methodology. This 

section focuses on the main issues encountered and their solutions, including 

the problem of dealing with big data and the dedicated text processing 

algorithm to deal with company names. Section 3 Results briefl y presents the 

experimental results of this study. Finally, Section 4 Conclusions sums up the 

main achievements and lessons learned of the proposed approach.

1. BACKGROUND AND MOTIVATION

 1.1. Big data and open sourcing
 The use of the internet for publishing job advertisements has increased 

in recent times, spurred by the improvement of network connections across 

Europe and by increased information and communication technology literacy. 

As a result, public interest in using these data for labour market analysis has 

increased at the international level (Cedefop; European Commission; ETF; 

ILO; OECD and UNESCO, 2021). Online Job Advertisements (OJAs) can 

off er high degrees of timeliness (if harvested regularly), relevance (e.g. they 

are a unique source of information on skill requirements) and granularity (e.g. 

detailed location data), providing them with a great potential to complement 

offi  cial statistics (Cedefop, 2019; ESS, 2020). Altogether, these projects 

succeeded in developing methods to collect OJAs on a regular basis in all 

European Union Member States. Eurostat and Cedefop joined forces to 

augment the most advanced of their OJA data collection systems and start 

producing more indicators at the European and national level (Descy, Kvetan, 

Wirthmann, & Reis, 2019).

 The result of this is a new, publicly available dataset on OJAs covering 

the whole European Union. The current production system is still being 

developed and improved, with the important goals of increasing the availability 

of fi nal and intermediate data, and of making the underlying algorithms open-

source. In addition, the European Statistical System Committee (ESSC) 
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discussed the principles of Trusted Smart Statistics (TSS) and priority areas 

for producing European statistics from new data sources (Eurostat, 2019; 

Ricciato, Wirthmann, Giannakouris, Reis, & Skaliotis, 2019). This includes 

the creation of a Web Intelligence Hub (WIH) that collects data from the web 

and make them publicly available to enhance statistical information in various 

domains. 

 As it is already clear since a decade, open source architecture will 

expand in the future and will be used more and more by Statistical Offi  ces 

in Europe and elsewhere (Beat Hulliger, 2012). This is in line with one of 

the Trusted Smart Statistics principles (Ricciato, Wirthmann, Giannakouris, 

Reis, & Skaliotis, 2019): Statistical Offi  ces should systematically ensure that 

all the software code along the whole data processing chain are made fully 

open and auditable by default for stepping up transparency and accountability. 

For this purpose, R as a free Open Source software product (R Core Team, 

2021), is an ideal environment for sharing, collaborating and automatizing 

the production of offi  cial statistics. R has become a ‘lingua franca’ for 

statisticians, methodologists and data scientists worldwide thanks to an active 

worldwide community of users and its vast amount of functionalities for data 

preparation, methodology, visualisation and application building. To achieve 

this, the integral code behind the experimental work presented in this paper is 

shared on an open GitHub repository (Eurostat GitHub, 2021).

 1.2. Motivation for the analysis
 As the fi rst statistical application of the new database, we chose to 

analyse labour market concentration across all occupations and functional 

urban areas (FUAs) in the EU for the biennium 2019-2020. This choice was 

motivated by its policy relevance and by its potential to build upon new 

statistical developments and complement existing statistics.

 In advanced economies, cities play a fundamental role in job creation 

and the enhancement of innovation (OECD & European Commission, 

2020). They also account for a large part of existing employment: 72% of 

employed people in the European Union are found in predominantly urban 

regions (Ascheri, et al., 2021). Urban labour markets, and particularly large 

urban conglomerates, can provide workers with opportunities for labour 

specialisation and learning through knowledge spill over (Gordon & Turok, 

2005). For this to happen, however, the labour market must be “thick”, meaning 

that suffi  cient job options are available for workers in their occupations and 

within a reasonable distance (Brown & Scott, 2012). In contrast, “thin” labour 

markets with limited job alternatives within commuting distance give fi rms 

more market power, with negative eff ects on wages and working conditions 
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(Manning, 2003; OECD, 2020). Therefore, the degree of concentration (or 

thinness) in labour market hiring is of great policy relevance.

 Despite its policy relevance, measuring labour market hiring 

concentration has until recently remained outside the scope of traditional 

statistics, due to the detailed information needed on job off ers (location, 

occupation, and employer) and commuting options. An opportunity for change 

has been off ered by two concurrent developments in international statistics: 

 · the availability of granular and detailed web-scraped data on OJAs; 

 ·  the development of new international defi nitions of geographic 

areas based on commuting distance (OECD, 2012).

 The availability of detailed location identifi ers in OJA data makes 

it possible to aggregate OJAs based on their commuting areas (functional 

urban areas, or FUAs). Measures of demand-side competition in each urban 

labour market can therefore be generated, by using additional information on 

company name and occupation contained in OJAs. Following Azar, Marinescu, 

Steinbaum and Taska (2020), who fi rst applied this approach to the US, the 

HHI concentration index can be calculated as a measure of thinness of the 

urban labour market. A higher HHI level corresponds to a more concentrated 

demand in the labour market, implying that fewer companies compete for 

recruiting workers or (in other words) that the labour market is thinner.

 A more detailed discussion of the rationales for the analysis is given 

by Ascheri et al. (2021). In the same paper, the authors explain the underlying 

statistical methodology and present the results of the analysis. This paper 

focuses on the implementation of the analysis through R (even though a very 

brief summary of the results is contained in Section 3).

2. METHODOLOGY

 2.1. Dataset
 The dataset used for the calculation of the labour market concentration 

index is composed by 116 851 363 distinct online jobs ads collected in all 27 

EU countries from 316 distinct sources. Although data for the UK are also 

available in the dataset, they have not been used for this analysis. The data 

sources from which OJAs are scraped have been identifi ed by statisticians and 

labour market experts from all the countries involved in the data collection, 

through an agreed procedure described by Cedefop (2019). These sources are 

usually either job search engines (e.g. Indeed, Monster) or public employment 

services’ websites listing job advertisements.

 OJAs refer to advertisements published on the World Wide 

Web revealing an employer’s interest in recruiting workers with certain 
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characteristics for performing certain work. It is important to note that this 

does not coincide with vacancies, as employers can publish job ads for various 

reasons (e.g. to fi ll a current vacancy, but also to explore potential recruitment 

opportunities). 

 Currently, new OJA data are released each quarter. The analysis of 

labour market concentration is based on the most recent dataset version (v9) 

available at the time at which it was carried out. That version of the OJA 

dataset contains data from the third quarter of 2018 to the end of 2020. Given 

the lower coverage across countries and sources of 2018 data, only data from 

2019 and 2020 have been used.

 OJAs usually include information on job characteristics (e.g. location, 

occupation), employer characteristics (e.g. name, economic sector) and job 

requirements (e.g. required skills). Most of the variables contained in the dataset 

are categorical, and have been cleaned and classifi ed following international 

classifi cations (e.g. the ISCED classifi cation for education, or the ESCO 

classifi cation for occupations). Nonetheless, some pieces of information (in 

particular the company name, a crucial variable for this analysis) are only 

available as unstructured data (natural language text), increasing the burden 

on the analyst. 

 The large size and the presence of some unstructured data are 

characteristics of the OJA dataset that can be found in other sources of “big 

data” (UN Statistical Commission, 2013). These characteristics mean that big 

data presents not only important opportunities, but also serious challenges 

for their applications in offi  cial statistics (Yongdai, 2013; Hackl, 2016; Tam, 

2015). Fortunately, more and more computing and processing resources are 

becoming available that help dealing with the complex challenges posed by 

this type of data. More research on the utilisation of these resources, and 

more sharing of good practices, are needed to increase the confi dence in using 

these new data sources (UN Statistical Commission, 2013). By describing the 

implementation through R of the main processes leading from data querying 

until the production of the statistical indicator, this paper contributes to this 

stream of research and to the advancement of the use of big data in international 

statistics. 

 2.2. Implementation of the analysis in R: General structure
 The R code implementing the methodology, based on the original 

code developed by De Lazzer (2020), is written in R and can be divided in 

the following macro steps, also shown in Figure 1. This code is openly shared 

on GitHub (Eurostat GitHub, 2021). The main code is contained in one single 

script lmci_v1.R, which uses several custom functions defi ned in a separate 
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fi le hhi_functions.R. Other fi les contain code used for particular phases of the 

analysis. For example, Other%20scripts/globalmodelevaluation_sampling.R 

contains the codes running the sampling for the machine learning model 

evaluation, while other scripts and fi les related to this evaluation are in the 

folder Other%20scripts/imputation_model_evaluation.

Macro-steps of the R code
 Figure 1
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 Figure 1 shows the main steps that we followed to produce the results: 

 ·  Data Querying: the code queries the online job advertisements 
from the dataset. The queries are run in parallel for all the 27 EU 

Member States. The OJAs corresponding to each country are saved 

in various .Rds fi les. The function get_data() uses the noctua (Jones, 

2021) and DBI package (R-SIG-DB R Special Interest Group on 

Databases, Wickham, & Müller, 2021) to connect to the AWS 

Athena database and to query the job ads. 
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 The code snippet below illustrates an example of a query from the 

dataset, with all the main retrieved variables of a job advertisement, where 

the version of the data (data_table) and the country (countrycode) are two 

parameters for the query.
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 ·  Data Cleaning and Filtering: OJAs are fi ltered to eliminate the 

advertisements that cannot be use for computing the index. The 

excluded ads do not contain information on the location of the job 

(information on occupation is always present), or they advertise 

explicitly a stage/internship.

 ·  Cleaning the variable companyname: this part of the process 

deals with one specifi c variable of the dataset that is crucial to the 

computation of the index: the name of the company advertising 

the job. The string variable companyname contains the name as it 

is extracted from the ad. Therefore, it is possible to fi nd multiple 

denominations of the same company (e.g. “XYZ”, “XYZ s.a.r.l.”, 

“XYZ company”) or to fi nd characters, spaces or cases in strings 

referring to the same company. Moreover, local branches of 

franchisees of the same company might post ads under their own 

names. 
 To tackle this issue we applied some basic string cleaning operations 

(e.g. convert to lower case, delete punctuations, symbols and white spaces). 
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 Moreover we created a dictionary of company names where several 

variants of the names are listed together with the “master” version that will 

replace the diff erent spelling modes. The list has a generic part which is 

applied for all countries (clean_names$country==”EU”) and a part which can be 

specifi c for each country (clean_names$country==countrycode). The generic 

part of the dictionary (companies_to_clean_EU.csv) contains the companies 

with the largest number of ads and it can be incrementally improved with 

smaller company names or with national companies, as it has been done for 

the country-specifi c dictionaries for Italy, Portugal, Romania and Slovenia. A 

consolidation of the company names (i.e., replacing name variants with the 

master version) in the data frame is applied using this dictionary.
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 In addition, the nature of the variable companyname poses a series of 

challenges related to the type of company posting the ads that are described in 

detail in Section 2.4. 

 ·  Merging Geodata: The index is computed at urban level, taking 

Functional Urban Areas (FUAs) as the main unit of analysis. 

However, the location of the job extracted from the advertisements 

is classifi ed using the LAU (Local Administrative Unit) code (for 

municipalities) and NUTS classifi cation. Hence, this section of the 

code assigns the online job ads to a specifi c urban area based on the 

information contain in the entry and downloading a correspondence 

table between LAUs, NUTS and FUAs from the Eurostat website 

and using the giscoR package (Hernangómez, 2021). Assigning an 

advertisement to an urban area is always possible when the LAU of 

the job off er is known. If this is not the case, the matching can be done 
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using the NUTS 3 code in cases where NUTS 3 areas are equivalent 

to FUAs. When ads cannot be matched to a FUA, they are excluded 

from the dataset. Due to some inconsistencies between the LAU 

code used in the OJA dataset, some country specifi c adjustments 

have been implemented by various string manipulations.
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 ·  Computing the Index: in this part, the Herfi ndahl-Hirschman Index 

(HHI) is computed. The HHI is a commonly accepted measure of 

market concentration calculated as the sum of the squares of the 

market shares of each fi rm competing in a market. The HHI ranges 

from close to 0 under perfect competition to 10 000 in monopoly/

monopsony (i.e., 100% market share). The lower the index, the more 

competitive (or less monopolistic) the market is. The code snippet 

below highlights the function developed for the calculation of the 

index.�����
��'��

����
�������������
����	�����������	�������%�
��!���� ��� �M�����!�������	� �� 
��$
��������������	���6���7��� !�	� �� 
��$
����������
�������

$�����
��$
���������$����������!�?�8���	�����8?+34��

N�

���������������
����	��!���
�����%�
�����
����� ��� 
��$
�������� �����	���6���7� ��� !� C#� K� �
����� ��� !� �#� K� $��� ��� !� *#��

��"�����	���6���7"�� "�
����"�� "$��"�� "������"�� "���"�� "�	����
����"�� "��	
��"��� ����� ��

8?+34#��

�����
�������������
���
����������
�����
���� C��A��"�	����
����"��#�

���1�

�������

���������������������������
�������������������������!�������������������
����������������

	�����	������
�

�����
���������

1�

�

 ·  Results Aggregation and Visualisation: The results are aggregated 

and visualisations are produced using the ggplot2 package 

(Wickham, et al., 2019) for all the quarters of the analysis. An 

example of the map generated with the following lines of code is 

shown in the results section (Figure 3). 
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 The following sections will deal in detail with two topics of particular 

interest: i) the use of R for dealing with large amounts of data and the effi  ciency 

issues thereof and ii) the algorithm developed to classify the company names 

extracted from the job advertisement between employers and non-employers.

 2.3. Effi  ciency issues
 One of the most evident advantages of R is the possibility to work 

seamlessly with diff erent kinds of sources. The R code developed for this 

study merges elements from AWS Athena and geodata from the Eurostat 

GISCO services (GISCO, 2021) and MS Excel fi les.

 Overall, the starting dataset contained more than 100 million records 

with 12 variables. To handle this amount of date in an acceptable time, fi rst 

the extensive use of base R functions and secondly the use of packages based 

on C/C++ are sensible choices. As an example, for the fi rst case grepl/gsub 

is more effi  cient compared to the functions of the stringr package. For the 

second case the data.table package that is based on C++, and is faster to merge 

and aggregate large datasets as data.table as it uses less memory and parallel 

processing in the background than the base R data.frame.

 One of the challenges of this implementation was to select the best 

method to query the AWS Athena® database. As a fi rst option, the RJDBC 

package was chosen. Subsequently, due to the increased security requirements 

which needed a rotating access token, the RAthena package was used. Because 

of some compatibility issues with the underlying python miniconda environment 

and the standard python installation used in Jupyter notebooks in the fi nal 

version of the code, to overcome these issues the noctua package is used.

 The noctua package uses AWS API that allows scripting authentication, 

which was used to retrieve the access token automatically without user 

intervention and without including any sensitive information in the code. 
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 Finally, the code makes ample use of parallel computation with the 

mclapply() function. Parallel computing is used in diff erent phases of the code: 

from the data query by country, to the computation of the index up until the 

creation of the plots for each quarter. Several attempts were made at fi nding 

the optimal number of cores to speed up as much as possible the processing 

time while avoiding memory overload. Finally, the number of cores was set 

in two steps. First the general numbers of countries to process parallel were 

set to 3 due to the limitation to concurrent connection to AWS Athena®. In the 

second step, for the calculation of the HHI, a new set of cores were used which 

in the fi nal version were 5. Therefore, up to 15 cores were used in total at the 

same time, which allowed reducing the overall processing time, which now 

takes around 3 hours to run for all the 27 countries.

 2.4.  Classifi cation of company names through machine learning
 2.4.1. Rationale
 The labels (hereafter, “names”) contained in the variable 

“companyname” are used to calculate the ad shares that defi ne the index. 

However, this is not a clean variable: it contains whatever was extracted from 

the fi eld “company” or “employer” or “name” (or similar fi elds, depending 

on the exact confi guration of the data source) on the website. This could 

correspond to the name of the prospective employer seeking to recruit the 

worker(s), recruiting agencies, job portals or generic strings. Some examples 

are drawn in Table 1 for Italy, Portugal, Romania and Slovenia, countries for 

which the variable “companyname” has been analysed more in depth to drive 

subsequent data processing.
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Most common names by category
With number of ads, found in a sample of one million, in brackets

 Table 1

Italy Romania Portugal Slovenia

M
o
st

 c
o
m

m
o
n
:

Job portal
Jobtome 

(34964)
Tiptopjob.com, 477  Tiptopjob.com (619) M servis

Agency
Manpower 

(19163)
Adecco (2181) Randstad (10444) Adecco

Employer Axcent (1040)

Secretariatul 

General Guvernului 

(9381)

BNP Paribas (2672) Mercator

Generic 

string

Azienda 

(3230)
Professional (470) Anonimo (165) NA

Note: For Slovenia, the numbers are not reported because the sampling was done at a later stage 

and with a diff erent sampling scheme. No generic string were found among the 1000 Slovenian 

company names, sampled with probabilities roughly proportional to their number of ads.

 For the calculation of the HHI index, it is necessary to identify which 

names belong to actual employers and which ones do not. Once known, names 

that do not belong to employers can be treated statistically (Ascheri et al., 

2021, use this information to calculate upper and lower bounds for the index). 

Therefore, a strategy was implemented through R to identify names that do not 

belong to prospective employers. Besides the querying functions described in 

Section 2, this strategy uses functions from Base R and from the Tidyverse 

package (Wickham, et al., 2019).

 2.4.2. Main challenge in identifying non-employer names 
 The proportion of job ads coming from non-employer names changes 

substantially across countries. For example, based on the procedure described 

in this section, we estimated it at 70% for Italy and 11% for Romania. This 

makes it very important, for the purpose of comparability, to identify non-

employer names.

 The main challenge to overcome, in choosing a procedure for an 

automatic identifi cation of non-employer names, has been the lack of a proper 

training set. Only limited resources were available for human coding, which 

were employed to code manually names with a relatively large number of ads 

(because their impact on the estimation is larger than for names with smaller 

number of ads) for the three pilot countries (Italy, Portugal and Romania). 

Some input was also provided by the German and Slovenian statistical offi  ces 

for their countries. For names with fewer ads and all other countries covered 

in the dataset, no human-coded training data set was available.
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 The need to overcome the lack of a proper training dataset led to a 

two-stage model for the classifi cation of names. This model is composed of an 

ontology model that classifi es companies based on a set of keywords; and of a 

machine learning model for names that have not been classifi ed based on the 

ontology. This approach is described in detail in the following sections, and 

summarized in the list below:

 1.  Manually code a sample of names as either employer or non-

employer in some pilot countries.

 2.  Drafting keywords (e.g. “human resources”, “jobs”, “adecco”) to 

identify non-employer names in these countries. 

 3.  Applying the keywords of Step 2 to identify non-employer names 

in other portions of the data. It appears that there are many recurrent 

patterns in the names of recruiting agencies and job portals, so this 

step worked well (see model evaluations in the following sub-

sections). As a result, a set of non-employer names was identifi ed 

among smaller and larger names in every country.

 4.  Identifying through visual inspection data patterns allowing to 

discriminate between employers and non-employers in the pilot 

countries based on the data gathered in Steps 1 and 2. Each pattern 

was then captured through an R function that fl ags a name as non-

employer if it is very similar to other non-employers in terms of 

some observed relationships/characteristics.

 5.  Applying the functions of Step 4 to discriminate between employers 

and non-employers in other countries. In order to do so, these 

functions needed to be re-parameterised for each country. That is 

why these functions were only made dependent on characteristics 

of non-employers (note that a set of non-employer names was 

identifi ed for each country in Step 3).

 2.4.3.  Identifying non-employer names in three pilot countries 
through human coding

 To identify the set of keywords, we fi rst drew a random sample of 1 

million job ads from the dataset for three pilot countries (Italy, Portugal and 

Romania) through the get_data() function seen in Section 2.

companies_names_query <- query_athena(“SELECT companyname, general_id 
FROM estat_dsl2531b_oja.ft_document_en_v9 WHERE idcountry=’”,country,”’ 

ORDER BY RAND() LIMIT 1000000”)

 From this sample of ads, we identifi ed the sample of names to code 

manually. First, we extracted the list of names appearing at least 100 times in 
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the sample. To get an idea of the size of this sample, this yielded 319 company 

names for Romania, 254 for Italy and 117 for Portugal. 

companies_names_dataframe <- as.data.frame(table(companies_names_
query$companyname))
w r i t e . c s v 2 ( c o m p a n i e s _ n a m e s _ d a t a f r a m e [ c o m p a n i e s _ n a m es _

dataframe$Freq>99,], “Data/companies_list_atleast100ads.csv”)

 In addition, we added to this a sample of 160 company names per 

country appearing between 20 and 99 times, stratifi ed by the number of ads. 

subsample <- companies_names_dataframe[companies_names_
dataframe$Freq<100 & companies_names_dataframe$Freq>19 , ]
subsample1 <- subsample[duplicated(subsample$Freq)==FALSE , ]
subsample <- subsample[duplicated(subsample$Freq)==TRUE , ]
subsample2 <- subsample[duplicated(subsample$Freq)==FALSE , ]
subsample <- merge(subsample1 , subsample2, all.x=TRUE)

write.csv2(subsample, “Data/subsample_companynames.csv”)

 We looked at these names one by one, and determined (usually 

based on an internet search) if they were names of prospective employers or 

other names (recruiting agencies, smaller job portals or generic words like 

“confi dential”). We identifi ed a name as belonging to a recruiting agency 

when, from our internet search, it appeared that the primary activity of the 

organisation with that name are services for the recruitment of personnel on 

behalf of other companies. 

 We compiled a “blacklist” of English-language keywords likely 

to be included in the names of recruiting agencies, such as “manpower”, 

“personnel” and “hire”. We added this to a list of keywords developed for 

German names by the German National Statistical Institute, and saved it on 

a csv-format fi le. This csv fi le was imported in the R code and used to “fi lter 

out” non-employers.

staff _agencies <- read.csv(“staff _agencies_EU.csv” , sep = “,”)
  staff _agencies <- staff _agencies[staff _agencies$country==”EU”|staff _
agencies$country==countrycode , ]
  
  blacklist <- staff _agencies[staff _agencies$exact != “exact” , 2]
  blacklist_exact <- staff _agencies[staff _agencies$exact == “exact” , 2]
fi lteredout <- fi lter(dframe, str_detect(dframe$companyname, 
paste(blacklist, collapse = ‘|’)) | sub(paste(blacklist_exact, 

collapse = ‘|’),””,dframe$companyname) == “” )

 To give an idea of the extent of this fi ltering process, the fi rst completed 

round of fi ltering (without using automatic fl agging) yielded a list of 218, 256 
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and 95 keywords (for Italy, Portugal and Romania, respectively) to identify 

names diff erent from prospective employers (almost all keywords referred 

to job agencies). These, together with 89 keywords provided by the German 

Statistical Institute, constituted the blacklist used as a fi lter for the dataset. 

This blacklist was then applied to fi lter out observations from the whole data, 

leading to 9232 (Italy), 3444 (Portugal) and 1847 (Romania) names that were 

identifi ed as non-employers. This compares to 69878 (Italy), 43151 (Portugal) 

and 49532 (Romania) names that were not identifi ed as agencies based on the 

blacklist. 

 2.4.4. Automatic classifi cation of non-employer names

 Three discrimination rules were defi ned to automatically classify 

names that had not been already identifi ed as non-employers through the 

keyword matching described in the previous section. Each of these three rules 

is based on an Ordinary Least Squares (OLS) estimate of the relationship 

between a dependent variable and a set of independent variables, carried 

out for each country based on the sample of non-employer names identifi ed 

through the keyword matching. The OLS estimate is carried out twice, with the 

half of the observations with the worse fi t excluded in the second estimation. 

Each rule fl ags as non-employers all the names that lie suffi  ciently far away 

from the estimated curve, i.e. those names for which the absolute value of 

the diff erence between their dependent variable’s fi tted and observed values 

exceeded 1.96 times the standard error of the fi tted value. 

 The discrimination rules, based on regression parameters estimated 

for each single country, were applied to names that had at least 20 ads in 

the 1-million ads sample (because the indicators used at the name level are 

aggregate indicators and are therefore less robust for small numbers of ads). 

Only if a name was fl agged as a non-employer name by all three rules, we 

categorized that name as non-employer. Therefore, the resulting model is 

a decision-tree machine learning model where a name is classifi ed as non-

employer if it is fl agged as such by all three regression-based rules. 

 Figure 2 exemplifi es how visual inspection helped identifying the 

empirical rules to distinguish between employers and non-employers. It has 

been generated as follows:

plotdata <- sumstats_by_company[sumstats_by_company$tot_n>15 & 
sumstats_by_company$fi lteredout != -1, ]
ggplot(data = plotdata) + 
  geom_point(mapping = aes(x = ln_undup_n, y = ln_esco3, 
colour=fi lteredout))
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 Figure 2 represents the relationship between the log of the total 

(unduplicated) number of job ads posted under a certain name (horizontal 

axis) and the log of the number of distinct job occupation codes observed 

in the job ads posted under that name (vertical axis). This chart has been 

drawn based on a sample of 1000000 job ads in Italy, Portugal and Romania. 

Names identifi ed as non-employers are in light blue, while names identifi ed as 

prospective employers are in dark blue. The chart shows that names identifi ed 

as agencies tend to display a larger number of distinct job occupations per job 

ad than other names, a pattern used in Rule 1.

Relationship between number of distinct job occupation codes and 
(unduplicated) job ads (in logs) across names in Italy, Romania and 

Portugal (2018 to 2020)
Figure 2

Note: “non-employer” stands for agency names, job portals and generic strings.

 Based on the visual inspection and on the assessment on the Gini 

impurity index for various discrimination rules (see Table 2 below), three 

empirical rules have been set up for the automatic classifi cation of names. Each 

rule is based on the estimation for each country of a curve by linear regression, 

based on names already coded as non-employers. The regressions have been 

run in two stages, with the half of the observations with the worse fi t excluded 

in the second stage. The following relationships have been estimated:

 ·  Rule 1: fl ag name as non-employer if it does not lie signifi cantly 

(at least 1.96 standard deviations) below the curve represented in 

Figure 2 (log distinct occupational categories as function of log 

unduplicated ads), estimated through a quartic polynomial function

 ·  Rule 2: fl ag name as non-employer if it does not lie signifi cantly 

below the curve relating log total ads (including duplicates which are 

recorded multiple times in the data set) with log unduplicated ads
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 ·  Rule 3: fl ag name as non-employer if it does not lie signifi cantly 

below the curve relating the log number of distinct NUTS3 regions 

for a name’s ads with the log of distinct economic activities (2-digits 

NACE) and the log unduplicated job ads. 

 The automatic classifi cation based on the machine learning model is 

implemented through two custom-made functions available on the project’s 

Github repository and called automfl ag() and automfl ag_combine().�
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Table 2 reports the Gini impurity index by rule and pilot country. To calculate 

the index, each rule has been used to split the whole training dataset. 

Gini impurity index of decision tree rules, by country
T able 2

Rule 1 Rule 2 Rule 3 Average

Italy 0.268 0.287 0.29 0.282

Portugal 0.163 0.199 0.195 0.186

Romania 0.218 0.233 0.208 0.22

Average 0.216 0.24 0.231 0.229

 Classifying company names: The example of France
 In the following paragraphs, we describe the application of the 

classifi cation procedure for the case of France. This country belongs to the 

majority of countries for which no human coding was available for a training 

data set. 

 After matching the set of non-employer keywords (developed through 

the human coding of data for Italy, Germany, Portugal and Romania), a total of 

15352 names were identifi ed as non-employers in France. These included, for 

example, “bennett_game_ltd_recruitment”, “besancon_randstad”, “parisjob” 

and “pro_talento” (matching, respectively, the keywords “recruit”, “randstad”, 

“job” and “talent”). A new name-level dataset was created for these names, 
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with one row per name and a set of aggregate variables such as the number 

of jobs advertised under each name and the number of distinct occupations or 

NUTS3 regions for jobs advertised under this name. 

 The three OLS regressions underlying the discrimination rules were 

fi t using this name-level dataset. This yielded three fi tted curves to which all 

other French company names could be compared. An additional 650 names 

were found that lied suffi  ciently close (according to the criterion defi ned by 

our model and reported above) to each of the three curves. These names, 

including for example “abalone” and “emploi_team”, were then added to the 

set of names classifi ed as non-employers. For example, these two names were 

fl agged as a non-employer by the fi rst rule because their number of advertised 

occupational categories were 53 and 48, respectively. This is not too far from 

the numbers predicted by the trained model (38 and 36, as predicted by their 

total of 388 and 333 unduplicated ads), and it is suspiciously large for a regular 

employer of that size.

 2.4.5. Evaluation of the model for all countries in the OJA dataset
 To evaluate the performance of the model outside the three pilot 

countries, a sample of 400 names has been drawn using the function sample() 

from all other countries in the OJA dataset. The probability for each name to 

be included in the sample has been set proportionally to its number of ads.1 

This has yielded a diverse sample including names in 18 diff erent countries, 

which number of ads ranges from 1 to 746572 (median: 1101). 

sample1 <- as.data.frame(sample(samplingframe$id, size=200, 

prob=samplingframe$N))

sample2 <- as.data.frame(sample(samplingframe$id, size=200,))

 Two confusion matrices (see Table 3) have been developed to evaluate 

separately the fi t of the fi rst part of the model (ontology) and the overall model 

(ontology plus machine learning). Table 3 includes the proportions based on the 

numbers of (in)correctly classifi ed names in the sample, as well as those weighted 

by the number of ads of each name. The weighted matrix allows calculating 

performance metrics based on the ads (instead of the names) in the sample. 

1. As noticed by Stubner (2018), there is some evidence that R base function sample() intro-

duces a bias in the calculation of the sampling probabilities. The function dqsample(), available 

via Drat (Eddelbuettel, 2021), provides an alternative that should be free of bias. However, this 

function does not support weighted sampling as of 28 February 2022, so it was not possible to 

use it to draw a new sample for comparison purposes. Therefore, while our sample remains a 

random sample valid to carry out the model evaluation, our estimates of the accuracy rate may 

carry a bias, which direction is diffi  cult to establish a priori.
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Confusion matrix for the assessment of classifi cation model 

 Table 3

Ontology model
Overall model (including ontology 

and decision tree)

True 
positives

True 
negatives

False 
positives

False 
negatives

True 
positives

True 
negatives

False 
positives

False 
negatives

Un-weighted 

(name level)
27.0% 44.5% 0.0% 28.5% 32.0% 40.0% 4.5% 23.5%

Weighted 

(ad level)
60.3% 17.8% 0.0% 22.0% 64.0% 17.4% 0.4% 18.2%

Notes: Positive stands for non-employer. The use of the base R function sample() may induce a 

bias in the weighted sampling probabilities for each companyname.

 Overall, we considered the model performance satisfactory. The 

accuracy rate (i.e. the proportion of cases correctly classifi ed as either 

employers or non-employers – true positives plus true neg atives) is 72% for 

the un-weighted matrix, and 81% when weighting by the number of ads under 

each name. This implies that 81% of ads and 72% of names in the sample are 

correctly classifi ed. The proportion of false positives is below 5% for names, 

and almost negligible (0.4%) for ads.

 A striking feature of the ontology model is that it has not led to any 

false positives in this evaluation sample. This is a sign that the keywords work 

well, but also that the ontology model on its own may be too conservative an 

approach (some error is tolerable if it is compensated by an increase in the 

number of correctly classifi ed cases). Applying the machine learning model 

after the ontology increases the accuracy rate (weighted by the number of ads) 

from 78% to 81%.

3. RESULTS 

 The algorithm developed in R allowed to calculate the HHI based on 

the share of vacancies of all the fi rms that post vacancies in that market, with 

a market defi ned as a triplet of time (quarter), occupation type (based on the 

ISCO classifi cation code extracted from the job ad) and urban area. The market 

share of a fi rm in a given market is defi ned as the number of vacancies posted 

by the given fi rm in that market divided by the total number of vacancies 

posted in that market. The HHI is then aggregated through arithmetic averages 

at levels suitable for a descriptive analysis. A detailed presentation of the 

results from this descriptive analysis is provided in (Ascheri, et al., 2021), 

while only a brief summary will be given here.
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As part of the results, the concentration indices are correlated with other 

variables collected by Eurostat at the urban-area and country level, namely the 

change in population / migration, employment rates and survey data satisfaction 

with personal job situation in urban areas. In addition, the evolution of the 

aggregate HHI over the considered timeframe (2019-2020) is analysed, and a 

glimpse of the recurring occupations (at 4-digit ISCO code level) is provided, 

together with their corresponding average concentration index. The goal of 

this descriptive analysis is not to uncover causal relationships or eff ects. It is 

rather to perform some external content validation, by showing that the newly 

calculated indicator is related to geography, time and other variables in a way 

roughly consistent with expectations.

Visual representation (ggplot2) of the concentration index (HHI) 
across European functional urban areas (average 2019-2020) across all 

occupation types
F  igure 3

 The results indicate that the largest urban areas in Europe tend 

to have lower level of concentration of the hiring market, indicating more 

competition among employers and more job opportunities for workers across 

all occupations. The index, averaged across all occupations, shows very low 

levels of concentration in large urban areas with thriving labour markets like 
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Berlin, Milan and Paris (indicating that job-seekers in these urban areas tend 

to have more online ads to consider). In contrast, there tends to be less choice 

of employers (as indicated by a higher level of concentration) all along the 

southern and eastern periphery of the European Union (Greece, Lithuania, 

Romania, Portugal and other countries and regions), particularly in smaller 

towns. This is also confi rmed by migration trends that show how these urban 

areas attract more people in search for better job conditions. Some occupation 

types appear to be more concentrated than others on average, but this may be 

partly due to the fact that some occupations are more frequently advertised 

online than others. With respect to time series, an average increase in labour 

market concentration can be seen in the second quarter of 2020, when the 

pandemic crisis hit Europe stronger.

 Despite its potential for offi  cial statistics, OJAs come with some 

limitations as they do not represent the entire job ads population. Some 

occupations and economic activities are less well represented than other 

and in some regions, digital tools may be less widespread leading to fewer 

advertisements published online. Moreover, the data source presents currently 

several quality issues, coming from the extraction pipeline that result in 

missing data, inadequate classifi cations or interruption of the scraping from 

some of the sources due to the instability of the web as a source of data. 

Despite these limitations the quality of the data source is expected to increase 

thanks to the ongoing activities on improving the data extraction pipeline.In 

addition, at several stages of the process some records are discarded due to 

missing information (e.g. geocoding, no contract or occupation type info) or a 

failed match with the functional urban areas. This results in an average 60% of 

ads used for calculating the index out of the total OJAs. The presence of some 

ads with a failed match was expected, because both of data limitations and of 

the fact that ads for jobs in rural areas cannot (by defi nition) be matched to an 

urban area. However, for some countries (e.g. IE, LT, SK) this percentage drops 

signifi cantly, indicating some problems in matching the ads to a functional 

urban areas possibly due to changes in recent changes in the territorial units or 

an inadequate classifi cation of the ads.

4. CONCLUSIONS
 In this paper, we present one of the fi rst Eurostat’s attempts of 

producing statistical outputs from a non-traditional data source using R 

programming. A dataset of more than 100 million online job advertisements 

is used to calculate an index to measure the competition among employers 

in hiring markets of European urban areas. For this purpose, a methodology 

implemented in R is optimised to work with large amount of data for all the 
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27 EU Member States. Some of the main challenges to improve the effi  ciency 

of the calculation are discussed. Moreover, the authors present an algorithm 

developed using common R functions to deal with the classifi cation of the 

names of the companies advertising jobs. This issue is discussed both from a 

conceptual point of view, highlighting the importance for the study, and from 

an implementation point of view, explaining the solutions adopted.

 Following the open source nature of R, the code is shared publicly on 

GitHub, allowing replicating and further developing this research for those 

who have access to the OJA dataset. In addition, the public sharing of the 

code makes the results auditable and provides further details and additional 

knowledge of what is behind the graphs and tables. 

 Given the novel nature of the data source and the methodological 

improvements still under way, the nature of this work must be considered as 

experimental. This implies that the study can be improved in several ways. Besides 

the possible improvements regarding the quality of the input data source and the 

specifi c labour market analysis, which are discussed in Ascheri et al. (2021), 

there is room for improvements concerning the methodology implemented in R. 

 In particular:

 ·  Production ready workfl ow: preparing the current methodological 

workfl ow in R for the regular production of statistics. 

 ·  Generalizing some of the functions and distributing them in an R 

package format.

 · Improving the cleaning and classifi cation of employer names. As 

for all machine learning models, a crucial input is human-coded data. In this 

case, this covered only a portion of data. The focus was Italy, Portugal and 

Romania, with additional input for Germany and Slovenia provided by the 

National Statistical Institutes of these countries. Expanding the set of human-

coded data will improve the model input and allow to use better algorithms.
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Autocoding based Multi-Class 
Support Vector Machine by 
Fuzzy c-Means
Yukako Toko (ytoko@nstac.go.jp)

National Statistics Center, 19-1 Wakamatsu-cho, Shinjuku-ku, Tokyo 162-8668, Japan, 

Mika Sato-Ilic (mika@risk.tsukuba.ac.jp)

University of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki 305-8573, Japan,

ABSTRACT
 This paper proposes a new autocoding method for the coding task of the 

Family Income and Expenditure Survey. The data of the Family Income and Expendi-

ture Survey included text descriptions extracted from digital receipts which have been 

getting large and complex in recent years. This paper proposes a new autocoding 

method to obtain stable results of discrimination as coding with high generalization 

performance dealing with cognitive uncertainty for text description data. This method 

is a combination of multi-class Support Vector Machine (SVM) by fuzzy c-means and 

the previously developed reliability score based classifi cation method. The proposed 

method utilizes both SVM, a machine learning method known as high generalization 

performance, and fuzzy c-means that is a computational intelligence method known 

as high performance dealing with cognitive uncertainty. Also, the proposed method 

utilizes the previously developed classifi cation method based on reliability score. A nu-

merical example shows a better performance of the proposed method with the Family 

Income and Expenditure Survey compared with the previously proposed classifi cation 

method. The proposed method is developed in python utilizing python libraries, and 

also it can be easily run in R, which is a popular language in the offi  cial statistics fi eld.

 Keywords: Coding, Machine Learning, Word2Vec, Support Vector Machine, 

Fuzzy c-Means, Reliability Score

 JEL Classifi cation:  C38
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ABSTRACT
In this study, it is aimed to examine the basic characteristics of the cyclical fl uctua-

tions in the Turkish economy and to determine the business cycles (contraction and 

expansion). By using the Bry and Boschan (1971) algorithm, the turning points in the 

business cycles were obtained.  In order to determine the business cycle, Turkey’s 

monthly Industrial Production Index, monthly and quarterly Gross Domestic Product 

data were examined and analyzed. As a result of the analysis, the average business 

cycle for the Turkish economy was calculated as 5 years. It has been observed that this 

result is compatible with the related studies in the literature and the cycle characteris-

tics of developing countries. Peak and trough points were obtained with the algorithm 

named “Harding-Pagan (Quarterly Bry-Boschan) Business Cycle Dating Procedure” in 

the BCDating R package released in 2019.

 Keywords: business cycle, Bry-Boschan procedure, economic crises, Tra-

mo-Seats, temporal disaggregation, national accounts, industrial production

 JEL codes: C22, E32 and P44
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ABSTRACT

 Results of an outlier detection study with a focus on selective editing are pre-

sented in the paper. The aim of selective editing is to identify observations aff ected by 

errors that have a major impact on the quality of sample estimates. This way the data 

editing process can be focused on the corresponding observations therefore allocat-

ing excess human resources and reducing time costs though maintaining the quality 

of sample estimates. These objectives are especially important for national statistical 

institutions such as Statistics Lithuania seeking to optimize the data editing process.

 A few diff erent versions of selective editing were applied to the data editing 

process of the quarterly statistical survey on service enterprises (turnover indicator) 

of Statistics Lithuania. Predictions of the target variable were obtained using the con-

tamination model. An impact of a potential error on a sample estimate was evaluated 

using a score function with a standard structure – a diff erence between the observed 

value of the target variable and its prediction multiplied by a sample weight and a sus-

picion component. Two types of the suspicion component (discrete and continuous) 

were used and an impact of the suspicion component on the eff ectiveness of selective 

editing was investigated. Effi  ciency of the continuous suspicion component supported 

its advantage over the discrete suspicion component, and therefore turned out to be a 

major factor in optimizing the data editing process.

 Keywords: selective editing; contamination model; data validation; statistical 

survey; offi  cial statistics.
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ABSTRACT
 Digitization in the health sector is unequally distributed by activities and special-

izations, but it remains a trend that will change the employment model, with jobs disrup-

tion and infusion of fi nancial capital and associated technologies. The facilities off ered by 

digitalization not only off er solutions to adapt medical services to the challenges / restric-

tions of Covid-19 but also off er multiple possibilities to access expert services or reduce 

waiting times on the value chain of services, allowing to increase quality in perspective. 

patient-centered treatments. The aim of the research is to identify to what extent fac-

tors such as the level of economic development, the fi nancing of the health sector and 

the external mobility of specialists infl uence the digital reform in the health sector. The 

results confi rm the signifi cant infl uence of the level of economic development and health 

spending on the potential for digitization of jobs in the health sector. It also highlights that 

e-health services have a reverse impact on the migration of doctors.

 Keywords: health, digital reform, jobs, migrant health worker
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ABSTRACT
 In this paper, a statistical research was done on the stock of foreign direct in-

vestments in the period 1995-2018 for Bulgaria and Romania. Several valid economet-

ric models have been found that explain the determinants infl uencing the evolution of 

the stock of FDI inputs in the two countries. The stock of of foreign direct investments 

was used as a dependent variable, calculated as a percentage of gross domestic 

product, and as an independent variables, indicators of international trade, economic 

trends and components of the signaling indicator given by economic freedom indices. 

It was found that in the case of Bulgaria, the increase in exports, imports, trade bal-

ance and balance of payments lead to an increase in the stock of FDI. Also, a higher 

score of the components of economic freedom, which is characterized by a business 

environment as free as possible, by a level of taxation as low as possible, as well as by 

a diminished degree of corruption, lead to an increase in the stock of FDI inputs in the 

Bulgarian economy. In the case of Romania, it turned out that exports, trade balance, 

balance of payments have a positive infl uence on the stock of FDI, as well as a low 

level of taxation, both in the case of personal income and corporations, lead to growth 

stock of FDI. Contrary to Bulgaria, an increase in imports leads to a decrease in the 

stock of FDI in Romania. Finally, it is found that the indices of diversifi cation of imports 

negatively infl uence the stock of FDI in both countries, which means that a greater 

divergence of imports from the world model leads to a decrease in the stock of FDI.

 Keywords: foreign direct investment stock, multiple linear regression, eco-

nomic freedom index, international trade, quantitative methods.

 JEL classifi cation: C12, C52, O24
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