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ABSTRACT

As interest in the digital transformation of public administration
grows, the main challenge remains to improve government gover-
nance systems and integrate a wider range of evidence into decision-
making processes. The successful digitalization and application of
such approaches improves the quality, responsiveness and flexibil-
ity of public administrations. The digialtization of processes has
made it possible to use micro-level data to assess the impact of a
policy or program and apply the feedback to improve the design and
delivery of public services. Evidence-based policy-making evaluates
programs based on their visible impacts. Large-scale data collected
through digitized governance, coupled with econometric impact
assessment, provides an ideal working toolkit for this. However, the
current situation of European governments is one of slow adoption,
as they are often slow to respond to new challenges. This is due to
the static one-off impact assessment approaches used, the results
of which quickly become outdated. With further digitalization, im-
provement of systems, and a rapidly changing situation, there is
a need to speed up institutions’ ability to quickly draw working
solutions to offset the effects of unexpected events in society and
economy and react without delays if policy effects dissipate. This
paper demonstrates how a high level of digitalization in govern-
ment allows addressing such issues by automating causal impact
assessment and making it a continuous part of the service delivery.
The use case is an automated system for assessing active labour
market policies in Estonia using individual-level data from gov-
ernment digital registers. Building on this, it shows how impact
assessment automation depends on automatically generated data,
only available due to the digitalization of other public services, and
how versatile it is when it comes to proving casual evidence in a
suddenly changing environment.
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1 INTRODUCTION

Public authorities face an increasing demand to provide citizens
with quality services that are remotely accessible and available on
any device. To effectively meet growing demands, governments
need to embed new information and communication technologies
(ICT) to facilitate interactions with end-users. The potential of ICT
to increase the effectiveness of public administrations lies not only
in making interactions more efficient, transparent and convenient
[52, 63], but also in opening new ways for data exchange between
different administrative areas, introducing common standards and
making digital public services more human-centered [17, 51, 64].
Thus, the increasing availability of public sector data is helping
officials to implement promising strategies that lead to new ways
of managing operations, promoting the (re)use of public sector data
and increasing efficiencies at various operational levels. The vast
amount of historical and personal data that public administrations
have access to also creates space for the use of increasingly ad-
vanced analytics, leading to the creation of new public values and
the introduction of new data assessment mechanisms that support
evidence-based policy-making and reduce administrative latency
[24, 40].

The integration of data from different sources plays a crucial
role in the implementation of digital government strategies that
improve such areas as public effectiveness, operational efficiency,
data management, and service delivery. Governments also have
vast datasets of continuously updated personal and historical data,
enabling the use of innovative analytics to generate new insights
and inform public decision-makers. In addition, the growing ICT
capabilities of public administrations are drawing attention to new


https://doi.org/10.1145/3543434.3543653
https://doi.org/10.1145/3543434.3543653
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3543434.3543653&domain=pdf&date_stamp=2022-09-14

dg.0 2022, June 15-17, 2022, Virtual Event, Republic of Korea

areas and ways in which relevant data mechanisms can increase
policy responsiveness, and improve impact assessments and the ac-
curacy of interventions. However, this is not an easy transition, and
it does not come without its challenges. Current research identifies
barriers that cut across different domains such as legal, manage-
ment, security, ownership, quality, ethical, and privacy concerns
[3, 21, 24, 40, 41].

Additionally, the use of big data arrays to evaluate ongoing ac-
tions and predict possible outcomes is a topic that is attracting
attention from both business and government agencies. On the
public administration side, the benefits of using data analytics to
solve collective problems in various fields are noted, including city
management [19, 22, 49, 59] or using social media data to sup-
port evidence-based policies [45]. In order to achieve high-quality
results, public administrations are expected to develop their ICT
management skills further and implement new technologies that
support decision-making. Systems and tools based on previous gen-
eration technologies cannot always cope with such assigned tasks.
As such, there is a growing demand for modern solutions that build
on past successes and integrate new approaches that build on data
to address pressing problems. Therefore, support public adminis-
trations in the delivery of digital transformation programs that go
beyond electronic versions of current complex paper-based prac-
tices. As a result, it could be argued that developing methods that
use open and real-time data to assess public decisions can provide
a variety of benefits, including 1) optimizing resource spending
through the development of efficient policies, and 2) improving
budget spending and distribution of public goods, 3) improving the
effectiveness of existing spending. This minimizes risks and takes
opportunity costs into account. The labour market is one of the
areas that can benefit significantly from such a development, as
it is a vulnerable area that requires quick responses in situations
where the nature and scale of challenges are difficult to predict.

The purpose of this paper is to showcase how the variety of
micro-level data enables the creation of automated impact assess-
ment tools. For this purpose, this study presents the case of the
MALLE framework of active labour market policy impact assess-
ment used by the Estonian Unemployment Insurance Fund (EUIF).
By performing this research, the arguments put forward how higher-
level digitalization in the public sector allows the development of
precise tools and facilitates tailored policy responses. The rest of
this study is organized as follows. Section 2 presents the main ap-
proaches to impact assessment. Section 3 discusses the digitization
and automation of impact assessment and outlines the Estonian
architecture supporting MALLE. In section 4, the case study is
presented. Section 5 discusses the opportunities that public admin-
istrations could open up by reducing process latency and delivering
proactive digital public services. Section 6 outlines the conclusions
of the study.

2 BACKGROUND

2.1 Impact assessment and policy change

New emerging technologies are finding many applications among
public administrations. This socio-technical transformation is cre-
ating new patterns of stakeholder interactions, and public policy
mirrors these patterns, reflects their needs, and becomes a means
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of their implementation. In this way, state regulation is becoming a
tool aimed at streamlining and ensuring sustainability through es-
tablished and fixed norms and rules. However, government policies
can have social, economic, and environmental consequences that
lead to deviations from established norms and accepted programs
and ultimately reduce the effectiveness of the implemented gov-
ernment regulatory system. Therefore, there is a need to introduce
an impact assessment mechanism to determine the adequacy and
effectiveness of states.

Impact assessment is a preliminary method of assessing the im-
pact of a policy based on a variety of indicators in areas that the
policy will impact upon implementation [20, 25]. In this regard, the
effectiveness of the implemented policies can be assessed by using
macroeconomic indicators and sociological surveys [46, 61], as well
as examining the performance indicators of the government agen-
cies [16, 50] directly involved in their implementation. The benefits
of implementing impact assessments in public administration in-
clude the ability to identify social, economic and environmental
benefits and costs. In doing so, it promotes more balanced decision-
making at the state level. It also allows for a systematic expansion of
the evidence base to support policy proposals, which can improve
the ability to consider a range of implications of policy options
even in the early stages of their development.

Impact assessment is used both at national level [2, 26, 42] to
develop new strategies and at international organisations [38, 62].
This approach has established itself as common practice in nu-
merous countries, as evidenced by the practice of its international
application. In order to make the most effective decision, the data
available must be used to produce the most significant results. In the
past, effectiveness assessment was primarily a means of assessing
the results of policies upon their implementation at the state level,
but now, with more detailed information with higher granularity
at an individual level and access to historical data, models can be
developed that predict the outcome at lower levels of influence.
Consequently, it is not limited to the assessment of public policies,
but also to the assessment of individual indicators at the micro level.
A high granularity of data is an important part of the evidence for
policy as it allows to find more details about it [14]. This cannot
be achieved without a sufficient degree of digitalization in pub-
lic administration and automation, which would reduce the time
required to process individual inquiries.

2.2 Digitalization and automating impact
assessment

Global competition, knowledge economy and information society
are among the prominent trends shaping today’s society and in
this regard, digital transformation is an integral part of today’s life.
The changes in modern society are mainly related to the changing
role of information in the world. In the past, the term information
society was primarily used, a society in which the phenomenon
of information determines the social structure [8]. The technical
means of communication, especially telecommunications, play a
decisive role in the development of the information society, with
the structure-forming role of information in the formation and
development of society being the focus. A characteristic feature of
the modern stage of development of society recognizes the leading
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role in the development not so much information itself, but knowl-
edge as its form, which led to the emergence of a new concept -
the knowledge society [12]. While the notion of the information
society is linked to the idea of technological innovation, the notion
of the knowledge society touches on aspects of change in different
areas of life and reflects the transition from using information for
descriptive purposes to answering the question “how?” (See Figure

1.

KNOWLEDGE

INFORMATION

DATA

Figure 1: The DIKW hierarchy (Reprinted from: [1])

With digitalization, public administration can be made more
transparent, accessible, and responsive by facilitating easy commu-
nication between the government and the public. As information
sharing in the public sector becomes more open, decision-makers
are taking into account citizens’ needs, ideas and priorities, which
can now be expressed through new channels or highlighted through
their interactions with the government. It is an essential part of
the digitalization of public administration to create a system that
can both deliver public services in an electronic format and collect
and store the data generated in the delivery of these services. By
opening up possibilities to work with automatically generated data
that is the by-product of this process, digitalization creates new
possibilities for more responsive and flexible policies.

Therefore, digitization has led the state to collect a large amount
of data on citizens, along with changes in indicators of socio-
economic progress, which are increasing over time. The data is also
accessible at the individual level of citizens’ transactions, which
makes it possible to assess the situation at a micro-level. With
the ability to use micro-level data, it is possible to assess policy
effectiveness more accurately and timely since it previously took
1-2 years to obtain stakeholder feedback and impact assessment
[30]. Assessing policies at the micro-level is now a routine task for
economic researchers and public service providers. In the last few
decades, a large number of published individual evaluations have
been carried out, summarized in several meta-analyses covering
hundreds of studies (see on labour economics Card et al. [10], Card
et al. [11]). Such an approach used to seem almost impossible due
to the lack of data for full analysis and computing power, but now
it is becoming part of the daily decision-making process.

Accordingly, different methods and technologies can be used in
evaluations depending on the objective. When analyzing labour
policy, they use either randomized designs [5], in which people
or companies are randomly assigned to policy programmers, or
more commonly, quasi-experimental designs [6], in which partic-
ipants are compared with similar non-participants using statisti-
cal methods. It should be noted that randomized experiments and
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evaluations based on certain changes in the law (so-called nat-
ural experiments) cannot be automated because they require ad
hoc-evaluations. Today, some countries are already introducing
automated assessment tools for work actions. In Germany, TrEffeR
(Treatment Effects and Prediction) has been introduced, a model
for evaluating ongoing active labour market measures and iden-
tifying the effects on an individual basis, as well as for different
subgroups and local areas European Commission [18], Stephan
et al. [57]. The Public Employment Service (PES) of the Flemish
region of Belgium (VDAB - Vlaamse Dienst voor Arbeidsbemid-
deling en Beroepslopleiding) has implemented a profiling model
that estimates the likelihood of becoming long-term unemployed
[15]. Thus, easy access to registry data, improved computer speeds,
and more flexible econometric and statistical tools have helped
automate quasi-experimental approaches so that these evaluations
can become routine.

2.3 Estonian digital government context

Public sector organizations can access new data sources to deliver
proactive digital public services when converting analog processes
to digital formats. However, current practices governing the collec-
tion and storage of user data are relatively closed and challenging
due to various organizational boundaries, data silos, and legal ob-
stacles. Access to separate data storage might work to provide
individual services, but it is not sufficient to develop a comprehen-
sive picture of citizen events and provide proactive services. As a
result, the need for functioning systems that support data exchange
between actors involved in services is evident and crucial for the
development of well-functioning digital government ecosystems
and sufficient complementary services that increase the value of
the system as a whole.

Estonia’s e-government is based on four essential infrastructure
elements [55]. The first is the electronic identification system (eID)
for citizens, for which several forms are available. The most popular
is the use of a physical chip card, which also acts as an identification
card. Another variant is the SIM card (Mobile-ID), which enables the
use of a mobile phone for secure access to electronic services and
signing documents. As of January 2022, about 1/6 of the holders of
different identification cards have a mobile ID (https://www.id.ee/).
The following variant of electronic identification system is Smart-
ID, a cloud solution consisting of an application that allows user
identification even if the device on which it is used has no SIM card.
About 60% of the holders of various identification cards also have a
smart ID (https://www.id.ee/). Although there are many methods
of electronic identification, all systems are based on the principle
of secure identification for accessing electronic services or signing
documents.

The second element is a centrally managed distributed data ex-
change layer called X-Road, which enables data exchange between
different actors. It is a one-stop-shop solution to access all data
generated by the public sector in the country. This X-Road has been
in use since 2001 and was originally designed to access various
national databases. However, as it develops, it now allows large
data sets to be modified and transferred and allows users to perform
searches on them. As of January 1, 2022, 672 institutions and enter-
prises and 1,494 information systems are already integrated into
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Figure 2: Schematic picture of X-road (Reprinted from: [56])

it (https://www.x-tee.ee/factsheets/EE/#eng). Approximately 200
million service requests are generated each month, of which only
3% are requests from citizens. The X-Road as such can be seen as an
essential tool that enables daily data exchange and communication
between different actors. The standardization of the process made
it possible to reduce citizen involvement in service delivery, sim-
plify information sharing, avoid duplication of data across multiple
government agencies, and create a secure environment for these
processes.

Regarding the X-Road system architecture (See Figure 2), most
call requests are logged centrally by the X-Road Center in the cen-
tral compliance monitoring log. External users cannot access data
exchanged between parties connected to X-Road. The identities
of the parties, mainly service portals and base registries, are also
stored centrally. The central log stores limited information about
service consumption for traffic monitoring and compliance pur-
poses. This includes information about who sent the service request,
to which service provider and when the response to the request
was received. Also, as part of establishing a centralized log, requests
are consolidated into a single record.

The standardization of the data exchange process and the cen-
tralization of data storage do not directly affect the owners of the
data. Owners are also responsible for providing data, ensuring ac-
curacy, updating and keeping data up-to-date. The integration of
such a system does not bring any added value if the activities of
each public administration agency involved in the process are not

digitalized, since such a system is only a tool and a step on the
way of digitalization. Thus, X-Road provides constant and uninter-
rupted access to government databases, but is not responsible for
their quality and assumes no responsibility for their owners. The
standardization of the data exchange process and the centralization
of data storage do not directly affect the data owners. The latter
are responsible for providing the data, ensuring its accuracy and
keeping it up to date.

The RIHA (Republic of Estonia Information System Authority)
repository system is a third element that acts as an e-service cata-
logue/registration for the state information system (https://www.
riha.ee/Avaleht). At the same time, however, it is also an envi-
ronment in which various procedural and administrative interac-
tions take place. By law, registration with RIHA is mandatory for
databases and information systems, and all databases are respon-
sible for keeping the description of their content up to date. This
is due to the principle of data storage adopted in Estonia, which
is called "once only" [28]. It is that the information should not be
duplicated anywhere else in the ecosystem. It helps reduce the cost
of collecting and storing information and simplifies the system of
interaction between authorities offering various electronic services.
In addition, the system offers various reusable components such
as XML assets and classifications that make it easier for new ac-
tors to connect to the system. The purpose of RIHA is to create a
transparent, balanced and effective management of the information
systems available in the country.
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The fourth and last component is the national portal, which is a
user interface for receiving electronic services (https://www.eesti.
ee/et). All four elements together form a developed digital system
of e-government functionality. In order to better understand how
such digitalization allows rapid tailor-made policy responses, this
paper proposes to examine the use-case of the active labour market
policy impact assessment, which uses X-Road to get the data on the
micro-level and use it for assessment model. By identifying actual
usage-case and pointing out the benefits of this approach, we clarify
the main argument of this paper that without high digitalization and
real-time access to the data scattered across different government
agencies, it becomes very difficult to react and respond to rapid
changes. It is essential in current times due to the shift towards
evidence-based policies and citizens’ demand for more efficient,
proactive, and tailored actions of the public administration.

3 ACTIVE LABOUR MARKET POLICY IMPACT
ASSESSMENT - MALLE FRAMEWORK

The situation in the labour market is a critical area for govern-
ment activity. It is of crucial importance as it influences economic
development, citizens’ living standards and the development and
specialization of different professional and social skills [44]. While
states continue to strive to enhance viability and increase the well-
being of citizens, it has become increasingly difficult to achieve
these goals without having programs in place that provide targeted
support and respond to recent trends and situations. Therefore, it
is of great concern to policy makers that labour market policies put
in place should be properly evaluated to assess their impact and
relative contribution. This paper provides a summary overview of
the automated labour market policy impact assessment tool used
in Estonia.

The quantitative evaluation of active labour market policy mea-
sures is a demanding and essential task that labour economists both
in academia and in the public employment service regularly meet.
Previously, the Estonian Unemployment Insurance Fund (EUIF)
conducted evaluations of services on an ad hoc basis, about a study
every two years, or commissioned external researchers to carry
out analysis. However, with increased computing power and eas-
ier access to micro-level registry data within the EUIF, counter-
factual impact assessment can now be done much more quickly
and automatically. This reduces process latencies and enables a
monthly iteration of the evaluations if required. To illustrate how
EUTF labour market policy measures are automated, this paper pro-
vides an overview of what data is used and how it is combined, how
the assessment is done and how the results are used.

In Estonia, micro-econometric evaluation of active labour market
programs dates back to the early 2000s. The studies include the eval-
uation of labour market training programs [4, 13, 32, 34, 58], wage
subsidies [4], and business start-up grants [60]. In addition, there
are evaluations of labour market programs provided by other public
institutions [35]. All recent studies were based on linked admin-
istrative micro-data from the Estonian Unemployment Insurance
Fund and Tax and Customs Board. The studies used various match-
ing methods, such as propensity score matching or exact matching.
The majority of recent impact evaluations of active labour market
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policies in Estonia have been implemented by Estonian Unemploy-
ment Insurance Fund [32, 58, 60]. The lack of evaluation studies by
academics is mainly due to the strict data protection regulations,
which make it difficult for researchers outside the EUIF to access
the micro data. More freely access to anonymized logs of service
usage is possible, but it is quite difficult to trace a request for a ser-
vice by an individual through automated requests between systems.
In addition, the anonymization of logs makes further joining of
records from different systems impossible.

Since 2021, the first version of the automated tool for active
labour market policy evaluation - MALLE (stands for MAchine
Learning in Labour Economics) (See Figure 3) was implemented in
EUIF. It is an internal model that was jointly developed by analysts
of EUIF and researchers of the University of Tartu with the sup-
port of private IT companies. The purpose of the tool is to speed
up and automate labour market evaluations. The tool consists of
three parts: 1) command files that automatically access data from
EUIF databases and preprocess the data for evaluation, 2) command
files written in R that perform statistical matching and write down
matched micro level data, and 3) files for interface that visualise
evaluation results either in Tableau or R Shiny and do necessary
on-line calculations, such as impact effects in subgroups and ap-
proximate confidence intervals. The tool uses propensity score
matching [9, 33] with some strict constraints, optionally combined
with regression adjustment in the second step. Statistical match-
ing combined with regression adjustment is one of the common
approaches to assessing the impact of labour policies. It enables
extensive background data and previous labour market experiences
to be taken into account in order to make participants and non-
participants comparable. Since effects in subgroups also have to be
estimated after matching, which can lead to unbalanced treatment
and control groups, a regression model is applied to reduce the
effect of unbalanced covariates.

@ - Individual informed through logs

Education
Information

Population

register

Statistics.
Estonia

(API)

ON-PREMISE AT EUIF

EUIF
Database on
unemployed °

EUIF data
on services
(e.g unit
costs)

Matching model for casual impact DASHBOARD

Collating data —_—

and
e Cost-benefit analysis script

Figure 3: MALLE framework

The matching was based on the propensity score that was esti-
mated using a logit model including various socio-economic vari-
ables and past labour market information. The variables matched
exactly were: unemployment calendar month (control group had
to be unemployed at the same calendar month when the labour
market service was provided), observation period (both treatment
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and control group observations had to be observed for the same
time period 1-24 months), other services received during the same
unemployment spell, a few measure-specific variables (e.g. ability to
work in case of work-related rehabilitation, knowledge of Estonian
in case of language courses). Model used 5 nearest neighbours (or
more if there are controls with exactly the same value) to construct
control and treatment groups. The matching procedure is done with
R package "Matching". It estimates the effect of treatment variables
on employed probability and gross monthly labour earnings up to
two years after the beginning (or end in the case of wage subsidy)
of active labour market measure.

The June 1, 2021 version of the model assesses the following
labour market services: labour market training (separately voca-
tional training, Estonian language training, computer training, gen-
eral skills), work practice, wage subsidy, work-related rehabilitation.
The variables used for matching include general information about
the unemployed background such as age, gender, education, lan-
guage, everything related to their previous employment experience
and earnings, previous periods of unemployment and receipt of
services or benefits, measures on work-related disabilities, location.
All the data come automatically from the EUIF information system,
which relies on other registries (Employment register, Tax and cus-
toms board register, Education register, population register), but a
few items, e.g. working abroad or before the registers were created,
are entered to the information system manually.

The technical implementation is carried out by combining R
software and Tableau. R Server has access to Oracle database tables,
data tables are then cleaned, merged and variables are defined. The
matching is done with impact assessment, the average treatment
effects on treated (ATT) on matched data is computed:

ATET = E, [{E(Y, | D=1, X", p(X™))~ E(¥,| D=0, X", p(x*"))|D =1]

ATT is found from regression model:
24 24
Y =P, +Zﬁlk xDxT, +Z,B2,( xT, + P, x X +u
k=1 k=1

Matching also yields aggregated results with optional Abadie-
Imbens standard errors and a micro-level dataset. After matching
treated and controls are found, one can use either a Shiny appli-
cation in R or Tableau to visualize the results. The application
calculates the effect of the labour market policies based on the
micro-data and calculates approximate standard errors (which cur-
rently ignore the uncertainty due to propensity score estimation
and one-to-many matching) (See Fig.4). It also contains some ba-
sic information on the quality of the matching process (similarity
between treated and non-treated groups) (See Fig.5).

The current model uses R (version 3.6.0), operated with RStudio

(version 1.1.463), in a Linux machine (release 3.10.0-1062.1.2.el7.x86_64).

The model is run on 16 cores (Intel(R) Xeon(R) Gold 6154 CPU @
3.00GHz) with 200 GB RAM. The approximate time the model takes
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Impact on earning probability

Impact of the measure

Months after the start of the action

Figure 4: Impact of Estonian language courses on earning
probability

Impact of the measure

Months after start of the

Figure 5: Impact of Estonian language courses on earning
probability, treated vs non-treated groups

to get the data, do the matching and save micro-level datasets is
about the following:

e Preparation of data from anonymised database — up to 20
minutes

e Matching for seven different treatments and storage of all
micro data — about a day

e Loading of matched data into online tools 2-3 minutes

e Online calculations of effects in subgroups and approximate
standard errors — a few minutes, depending on the size of
the treatment group, number of subgroups.

4 DISCUSSION AND CONCLUSIONS

The role of ICT and data remains crucial in informing policy-making
and enabling public administrations to experiment with new ways
of developing modern digital public services that are inherently
user-friendly, delivered in a timely manner and executed proac-
tively in the background [29, 54]. It remains important to compare
the stated goals with tangible results and to see what works the
best in the policy-making cycle. This in turn requires integrated
data from different sources and appropriate econometric methods
and models to assess public administration actions and responses
[14]. As the MALLE framework shows, an appropriate combination
of data and econometric models can provide policymakers with sig-
nificant support, complementary tools and decision-making bases
[14]. Building on this, this study makes three observations.
Firstly, as a system based on automatically generated data, the
advantages of the MALLE compared to the existing system in the
EUIF are that it is fast, flexible and automated. For policymakers,
it provides access to more up-to-date and authentic information.
It enables more tailored policy responses and programs, and re-
duces process latencies by allowing assessments whenever they are
needed. From conducting assessments every two years, the EUIF
can execute it each month in an automated matter. This system
also creates more space for human-centric and proactive services
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that are tailored to users’ life events, are context-sensitive, and
arm officials with better evidence to support decision-making [36].
However, the current version has some weaknesses, such as sim-
plified standard errors. Therefore, there is a trade-off between the
accuracy of the estimates and the speed and flexibility to get the
results. The automation allows routine evaluations to be performed
quickly when using a quasi-experimental approach. The online
tool enables flexible target group selection. Hypotheses can also
be quickly put forward as to why some measures work better and
how the effectiveness of measures has changed during the crises.
In this way, it can be checked whether some measures work better
for certain groups.

Second, MALLE also highlights how an established e-government
architecture, particularly in the case of X-Road in Estonia, enables
the extraction of administrative data to support the development
of proactive digital public services and smart frameworks for im-
pact assessment. Administrative data is often collected by public
organizations and includes large datasets from various fields such
as employment, environment, housing, public health, social secu-
rity, education, etc. These datasets, while used to support public
administrative functions, are typically representative and cover
large population groups from citizens and businesses, are regularly
updated, are reasonably accurate, and are occasionally available in
real or near real time. As such, interest in administrative data is
growing significantly given the value and insights it offers decision-
makers when combined with other types of data, including big data
[23, 31, 43, 47, 53].

Third, this study supports the argument that high levels of dig-
italization enable the creation of additional advanced tools that
support decision-making and proactive digital public services. The
successful implementation and deployment of digital government
infrastructure, such as the case of X-road in Estonia, creates room
for further developments that were not intended initially. In the
case of MALLE, this system adds value not only by assuming what
is happening in the labour market, but also by using micro-level
data to monitor the situation more frequently and to support the
shift towards an economy that increasingly builds on data to func-
tion in or close to real-time. In the field of public services provision,
transactions at the user level allow identifying citizens” demand for
certain services [39] and analysis on the group level can identify
additional patterns and demands. That can be used both to optimize
the processes and allow the state to recommend specific services
in a proactive manner [27, 37, 65]. In addition, similar systems
could also be developed for the private sector. Governments are
increasingly collecting information about companies, consumer
behaviour, and indicators regarding the general situation in various
areas and industries. Therefore, it is becoming possible to use data
to anticipate and monitor the situation of individual companies and
also analyze the status of industries [7, 48]. Hence, develop systems
that signal when organizations are at risk and formulate proactive
policies to respond to various adverse events.
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