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Abstract: This paper develops a methodology for constructing an empirical research database through the systematic
selection and integration of multiple data sources, including official statistics, firm-level data (accounting, managerial,
transactional, and registry records), survey data, and proxy indicators for hard-to-measure constructs. A practical set of
criteria for data source selection is proposed, covering representativeness, accuracy, coverage, temporal and spatial
comparability, data preparation costs, legal and ethical constraints, and reproducibility. The data integration workflow is
described step by step, encompassing identifier standardization and record linkage, harmonization of measurement units
and classifications, panel data construction, metadata management, and version control. In addition, the study outlines
key data quality checks, such as missing data diagnostics, outlier detection, internal consistency analysis, selection bias,
and linkage bias, alongside documentation standards required for transparent and robust econometric research. The
Results section presents illustrative tables and conceptual figures, including a data source matrix, an integration map, a
proxy indicator catalogue, and a data quality scorecard. The paper concludes with practical recommendations for building
reliable, auditable, and replicable empirical databases in applied economic research.

Key words: empirical database; data sources; official statistics; firm-level data; surveys; data integration; record linkage;
proxy indicators; data quality; metadata.

Annotatsiya: Mazkur maqgolada empirik tadgigot bazasini shakllantirish uchun rasmiy statistika ma’lumotlari, korxona
darajasidagi ma’lumotlar (buxgalteriya, boshgaruy, tranzaksion va reyestr yozuvlari), so‘rovnoma natijalari hamda bevosita
o‘lchash giyin bo‘lgan tushunchalar uchun proksi-indikatorlarni tanlash va integratsiyalash metodologiyasi ishlab chigiladi.
Ma’lumotlar manbalarini tanlash uchun amaliy mezonlar majmui taklif etiladi, jumladan: reprezentativlik, aniglik, gamrov,
vaqt va makon bo‘yicha taqqoslanish imkoniyati, ma’lumotlarni tayyorlash xarajatlari, huqugiy va etik cheklovlar hamda
takrorlanuvchanlik. Ma’lumotlarni integratsiyalash jarayoni bosgichma-bosgich bayon etilib, identifikatorlarni moslashtirish
va yozuvlarni bog‘lash, oflchov birliklari va tasniflarni uyg‘unlashtirish, panel ma’lumotlar shakllantirish, metadata
boshqaruvi va versiyalar nazoratini o'z ichiga oladi. Shuningdek, empirik tahliining shaffofligi va ishonchliligini ta’minlash
uchun zarur bo‘lgan ma’lumotlar sifati tekshiruvlari, ya’'ni yetishmayotgan giymatlar, chet giymatlar, ichki nomuvofigliklar,
tanlov va bog‘lash xatoliklari tahlil gilinadi. Natijalar bo‘limida ma’lumotlar manbalari matritsasi, integratsiya xaritasi, proksi-
indikatorlar katalogi va ma’lumotlar sifati kartasi kabi jadval va konseptual sxemalar keltiriladi. Maqola yakunida amaliy
igtisodiy tadgigotlar uchun ishonchli, audit gilinadigan va qayta ishlab bo‘ladigan empirik bazalarni yaratish bo‘yicha aniq
tavsiyalar beriladi.

Kalit so‘zlar: empirik ma’lumotlar bazasi; ma’lumotlar manbalari; rasmiy statistika; korxona darajasidagi ma’lumotlar;
so‘rovnomalar; ma’lumotlarni integratsiyalash; yozuvlarni bog‘lash; proksi-indikatorlar; ma’lumotlar sifati; metadata.
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AHHOTauus: B ctatbe paspabotaHa meTogonorms opMUPOBaHNS SMMMPUYECKON UcCredoBaTenbCKon 6asbl AaHHbIX
Ha OCHOBE CMCTeMaTM4yecKoro oTbopa M MHTerpauum pasfvyHbiX MCTOYHMKOB MHApopMaLmK, BKMYas oduumanbHyo
CTaTUCTWKY, AaHHble Ha YPOBHE npeanpuAaTui (ByxranTepckue, ynpaBreH4Yeckue, TPaH3aKUMOHHbIE U PEecTpOBble
3anucu), pesynsTaTbl OMPOCOB Y MPOKCU-UHAVKATOPbI ANS TPYAHOU3MEPUMbIX SKOHOMUYECKNX KaTeropui. MNpeanaraercs
npakTU4yeckuin Habop KputepueB OTOOPA WCTOYHWKOB [AAHHbIX, OXBaTbiBAKOLWUA PENPEe3eHTaTUBHOCTb, TOYHOCTb,
0XBaT, BPEMEHHYIO Y MPOCTPAHCTBEHHYIO COMOCTaBMMOCTb, 3aTpaThl HA MOAFOTOBKY AaHHbIX, NMPaBOBblE U 3TUYECKNE
OrPaHUYeHUs, a Takke BOCMPOU3BOAUMOCTb pe3ynsTartoB. [1pouecc WHTerpaumv AaHHbIX OMMWCbIBAETCH MO3TanHO
N BKMOYaeT CTaHgapTu3auuio UAeHTUUKATOPOB M CBA3bIBAHWE 3anucen, rapMOHU3aLMI0 €AVHWL, U3MEPEHUs Wt
Knaccudvkaummn, hopMUpoBaHNe MaHenbHbIX AaHHbIX, YNpaBneHne MeTajaHHbIMU U KOHTpOnb Bepcuin. Kpome Toro,
0606LLatoTCst KMoYeBble NpoLeaypbl KOHTPOS Ka4eCTBa AaHHbIX, TakMe Kak aHanu3 NponycKkoB, BbisiBEHUE BbIOPOCOB,
NMpoBepKa MOrMYEecKOM COrnacoBaHHOCTM, a Takke OLeHKa CMelleHun otbopa M ownbok cBsA3biBaHWA. B pasgene
«Pe3ynbratbl» NpeAcTaBneHbl Tabnuubl M KOHUENTyanbHble CXeMbl, BKIOYas MaTpuly WMCTOYHMKOB AaHHbIX, KapTy
WHTerpaummn, KaTtanor MpOKCU-WMHOMKATOPOB M LUKany OLEHKW KavecTBa AaHHblX. B 3akmioyeHue cdhopmynmpoBaHbl
npakTU4yeckne pekoMeHAaLmMmn No Co30aHNo HaAEXHbIX, MPOBEPSEMbIX Y BOCMIPOM3BOANMbIX SMNMPUYECKMX 6a3 AaHHbIX
ANs NpYKNagHbIX 3KOHOMUYECKUX UCCeAoBaHWN.

KntoueBble crnosa: aMnunpuyeckas 0asa AaHHbIX; NCTOYHUKN OaHHbIX; O(bI/ILWIaJ'IbHaFl CTaTUCTUKA; OaHHbIe I'Ipe,ElI'IpVIFlTI/IVI;
Onpochl; UHTErpauna gaHHbIX; CBA3blBaHUe 3anucen; NPOKCU-nepemMeHHble,; Ka4eCTBO AaHHbIX; MeTadaHHble.

INTRODUCTION

The outcome of empirical economic research depends to a large extent on the question of which model
was chosen, and even earlie—how the dataset was constructed—because econometric evaluations, even
when methodologically sound, may suffer a substantial reduction in the reliability of their conclusions if they rely
on data that are mismeasured, inconsistent, or incorrectly integrated. Therefore, the formation of the empirical
base is not merely a “technical task” of research design, but a central component that determines the internal
validity and external generalizability of scientific results [Wooldridge, 2010, 23-35].

In recent years, the palette of data sources used in economic analysis has expanded considerably.
Official statistical data (national accounts, labour market indicators, price indices), enterprise- and bank-level
transactions, tax and customs registers, electronic platforms, remote sensing data (geospatial information),
questionnaires, and various proxy indicators (for example, night-time light intensity as a proxy for economic
activity) are now widely employed. However, as the number of data sources increases, the complexity of
empirical work also intensifies. Researchers face heterogeneity in units of observation (individual-enterprise—
region), temporal consistency issues (monthly—quarterly—annual data), differences in classifiers (industry,
region, product), the absence of common identifiers, confidentiality constraints, selection problems, and
missing-data and linkage errors. As a result, “more data” does not necessarily imply “better data” [Cameron
and Trivedi, 2005, 55-60].

The purpose of this article is to provide methodological foundations for the formation of an empirical
research base, including:
criteria for selecting information sources;
the advantages and limitations of official statistics, enterprise data, questionnaires, and proxy indicators;
a practical algorithm for the data integration process;
quality control and documentation, including metadata management and reproducibility;
the construction of a “model empirical base” using illustrative tables and figures.

a0~

LITERATURE REVIEW

The methodological approach to constructing the empirical base follows the logic of “source —
measurement — integration — verification” and is organized as a four-layer framework. The first layer, source
selection, addresses the question of which data are relevant to the research problem, whether they provide
sufficient scope and quality, and whether legal or institutional restrictions apply to their use. The second layer,
measurement, focuses on the choice of indicators or proxies used to represent abstract concepts, such as
“production efficiency.” Measurement error at this stage can introduce systematic bias and distort econometric
estimates, as emphasized by Gujarati and Porter (2009, 98—-105). The third layer, integration, concerns the
combination, matching, or panel construction of data from different sources; this process itself can generate bias,
commonly referred to as linkage bias (Imbens and Rubin, 2015, 74-80). The fourth layer, verification, involves
assessing missing values, detecting outliers, performing cross-source comparisons, validation, and robustness
checks. From an econometric perspective, data quality problems represent an “invisible” risk comparable to
endogeneity. For example, classical measurement error typically attenuates estimated coefficients toward zero,
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while non-classical error or sample selection may even reverse coefficient signs (Wooldridge, 2010, 299-305).
Consequently, the empirical base constitutes the foundation of the identification strategy.

Official statistics produced by national statistical offices, ministries, and central banks are generally
characterized by broad coverage, standardized methodologies, and continuity over time. At the same time,
their high level of aggregation makes it difficult to identify micro-level mechanisms, while periodic updates of
classifications and methodologies complicate intertemporal comparisons (UN, 2014, 11-15). In international
practice, the core quality principles of official statistics—accuracy, timeliness, and consistency—are treated as
key benchmarks (Eurostat, 2019, 7-10). In empirical research, official statistics are therefore best used as a
source of background information and calibration, allowing researchers to verify macroeconomic trends, apply
appropriate deflators, and standardize sectoral or territorial classifications.

Company-level information includes balance sheets, profit and loss statements, production logs, human
resource systems, sales transactions, logistics records, and CRM data. Such data offer high accuracy and
timeliness at the micro level; however, they are often affected by selection issues, limited representativeness,
and low standardization. As business processes evolve, the definitions of indicators may also change over time,
complicating longitudinal analysis (Cameron and Trivedi, 2005, 61-66). The availability of unique identifiers is
critical for data integration: when VAT numbers or registration codes exist, linkage is straightforward, whereas
their absence requires fuzzy matching based on attributes such as firm names, addresses, or telephone
numbers. This approach increases the risk of linkage error and may distort the underlying sample structure
(Angrist and Pischke, 2009, 46-52).

Questionnaire and survey data, including household and enterprise surveys, are particularly valuable
for measuring unobservable characteristics such as motivations, expectations, or informal economic activity.
Nevertheless, survey-based data are subject to a range of well-documented problems, including respondent
errors, social desirability bias, recall bias, nonresponse, and issues related to sampling design (Groves et al.,
2009, 71-90). When survey data are linked to official statistics, compatibility of units, weighting schemes, and
aggregation levels becomes crucial to ensure internal consistency (Deaton, 1997, 32—-40).

Proxy indicators are indirect measures used to represent concepts that cannot be observed directly. The
selection of an appropriate proxy requires careful consideration of three key questions: how closely the proxy
is related to the underlying construct in terms of validity; whether the proxy captures other confounding factors;
and whether the proxy measure is stable across time and space (Wooldridge, 2010, 312—-318). Proxies are
often constructed in the form of composite indices. In such cases, international best practice recommends
explicit conceptual modeling, transparent normalization and weighting procedures, and sensitivity analysis to
assess robustness (OECD, 2008, 25-40).

The selection of information sources is guided by an eight-criteria framework that includes relevance to
the research question, coverage in terms of units and time or geographic scope, precision and susceptibility to
measurement error, comparability across classifiers, currencies, deflators, and standard units, the degree of
granularity at the micro or macro level, the speed of updates and revision policies, legal and ethical compliance
with confidentiality and consent requirements, and the capacity for replication through documentation, version
control, and code availability. In practice, these criteria involve unavoidable trade-offs: for example, enterprise
transaction data may exhibit high accuracy but limited representativeness, while official statistics typically
provide broad coverage at the expense of micro-level detail.

Data integration relies on two principal approaches: deterministic linkage and probabilistic or fuzzy linkage.
Deterministic linkage establishes one-to-one matches through unique identifiers such as register IDs, whereas
probabilistic linkage relies on matching probabilities derived from names, addresses, phone numbers, and
similar attributes. The latter involves an inherent trade-off between false matches and false non-matches
(Groves et al., 2009, 210-220). Harmonization complements linkage by standardizing units of measurement,
currencies, deflators, time aggregation (for example, monthly to quarterly), territorial codes, and industry
classifications based on systems such as NACE or ISIC analogues (UN, 2014, 21-24).

REASERCH METHODOLOGY

The methodology of this study is based on a systematic approach to selecting, integrating, and analyzing
heterogeneous data sources in order to form a reliable empirical base. Data are obtained from official statistical
sources, enterprise-level administrative registers, financial statements, structured questionnaires, and proxy
indicators derived from auxiliary datasets. Official statistics are used as the benchmark for definitions, deflators,
and classifications, ensuring consistency and comparability across sources. Enterprise registers serve as
the core identification framework, enabling deterministic linkage of firm-level financial and transactional data
over time. Questionnaires are employed to capture unobservable characteristics, such as credit constraints
and behavioral factors, with appropriate treatment of sampling design and nonresponse through weighting
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adjustments. Proxy indicators are constructed only when direct measures are unavailable and are grounded
in theoretical justification. Data integration involves harmonization of units, time alignment, and quality checks,
including missingness analysis and outlier diagnostics. The empirical analysis applies panel-based econometric
techniques, robustness checks, and sensitivity analysis to assess the stability and credibility of the estimated
relationships.

ANALYSIS AND RESULTS

Many researchers view the linkage process as a purely technical step. In fact, if linkage errors are
systematic, econometric conclusions become biased. For example, if entities that frequently change their name
or move their address are more likely to “disappear” from the dataset, the resulting sample will be biased toward
stable entities — a phenomenon known as survivorship bias [Angrist and Pischke, 2009, 73-77]. Therefore,
linkage quality should be assessed using separate metrics, and groups with “successful” versus “unsuccessful”
linkage should be systematically compared.

Microdata (enterprise-level data and survey questionnaires) often do not match official statistical aggregates.
This mismatch does not necessarily imply that microdata are incorrect; rather, it may reflect differences in
definitions, coverage, or time frames. Nevertheless, the researcher must clearly explain such discrepancies.
For instance, microdata may cover only the formal sector, while official statistics may estimate aggregates
using mixed or indirect methods. For benchmarking purposes, microdata are aggregated, and differences in
both trends and levels are analyzed [Deaton, 1997, 44-50].

Surveys frequently rely on complex sampling designs involving stratification and clustering. If nonresponse
rates increase over time or if the composition of respondents changes, simple OLS estimation may no longer
yield unbiased results. Consequently, survey weights, design effects, and appropriate standard errors must be
calculated and applied correctly [Groves et al., 2009, 320-340]. When constructing an empirical database, all
sampling documentation should be preserved and stored as metadata alongside the data.

Proxy variables are often indispensable when direct measurements are unavailable. However, the risk
of confounding increases when proxies are selected without strong theoretical justification. For example,
internet penetration is frequently used as a proxy for innovation, yet it is also closely associated with income
levels, urbanization, and education. Therefore, appropriate control variables and robust identification strategies
are required [Wooldridge, 2010, 315-318]. Composite indices, in turn, may create the illusion of a single
comprehensive measure while masking underlying sensitivities if robustness and sensitivity analyses are not
conducted [OECD, 2008, 55-60].

When working with corporate and administrative data, it is essential to obtain informed consent, anonymize
or pseudonymize data, use only the minimum necessary attributes, and ensure secure data storage. In particular,
identifiers used for data linkage, such as names and addresses, are highly confidential. Researchers should
therefore perform data integration within a secure environment and release analytical outputs containing only
the minimum required information [UN, 2014, 32-35].

Below is a practical “constructor” for building an empirical database, illustrated using tables and figures. As
an example, the topic of enterprise productivity and financial constraints is considered; however, the proposed
structure is applicable to a wide range of empirical research topics(Table 1).

Table 1. Information sources matrix: task-source correspondence

Research
component

Ideal information

Alternative source

Typical problem

Recommendation

Macro background
(inflation, interest)

Official statistics /
Central Bank

International
Monetary Fund (IMF/
World Bank)

revision, difference in
method

to «master» a
resource

Enterprise output (Y)

Financial reporting +
production

Tax return proxy

difference in definition

document the
definition

Capital (K)

Fixed assets register

Balance (PPE)

reassessment

deflation, depreciation
rule

Labor (L)

HR register

Questionnaire

informal workers

explain the difference
in coverage

Financial constraint

Loan application

triangulation of two

(X) Credit history + limits rejection (survey) selection sources

Innovation (M) Patent/R&D IT Cost Proxy confusion index * sensitivity
information analysis

Area/network control | Classifiers Address text coding error code dictionary + audit
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This table briefly summarizes the key characteristics of data linkage across multiple sources. It presents
the unit of analysis, key identifiers, binding types and directions, as well as linkage quality metrics for each
source, thereby illustrating how different datasets are integrated and how the reliability of the linkage process
is assessed in empirical research(Table 2).

Table 2. Integration map: “keys” and binding rules

Official statistics

deterministic

Source Unity Key identifier Binding type dBul-zgtI:)gn L|nkar1‘?;:i1:allty
area—network— code (region, aggregate — compatibility

time industry, t) micro (trend/level)

Ent_erprlse enterprise registry ID / TIN deterministic rgglstgr - match rate (%)
register financial
Financial report enterprise-year TIN + year deterministic ];':;2;:;(_) duplicate check

. . A bank <
Bank transaction | enterprise—month | TIN + month deterministic . coverage story

enterprise
. . . name/address/ . -

Questionnaire enterprise phone fuzzy survey — register | precision/recall
P.roxy (eg. enterprise geocode deterministic 9900'3“." N geocode success
distance) enterprise

This overview summarizes commonly used proxy indicators in empirical analysis, outlining their calculation
methods, main strengths, and inherent limitations. It also highlights the minimum set of controls required to
mitigate biases such as reverse causality, sectoral heterogeneity, reporting distortions, and measurement
errors, thereby supporting more robust and credible econometric inference(Table 3).

Table 3. Directory of proxy indicators

Construction Proxy indicator Calculation Strength Weak side Minimum
controls
Market competition | HHI/concentration network shares | intuitive deflnllt.|0n network FE,
sensitive year FE
Financial . . . . . .
. Credit/development index | credit / asset there is reverse causality | lags, IV/DiD
constraint
Technological level | Electrical energy intensity | kWh / output easy sector difference | sectorxyear FE
Informality Cash share cash / sales alarm reporting bias audit indicator
Productivity TFP proxy Cot_)b—DougIas standard measurement d_eflator, outlier
residual error trim

This overview outlines key data inspection procedures aimed at identifying selection risks, measurement
errors, and integration problems. It emphasizes practical diagnostic tests, typical warning signals, and corrective
actions, such as imputation, recoding, rule refinement, benchmarking, and version control, to ensure data
consistency, transparency, and reliability in empirical analysis(Table 4).

Table 4. Data quality scorecard

Inspection

Purpose

Practical test

«Red flag»

Correction

Missingness profile

see selection risk

% missing by year/
sector

systematic missing

multiple imputation /
restriction

sample

Outlier diagnostics error or extreme percentiles, IQR «jumps» winsorize / audit
Consistency definition compatibility | balance equations asset#liability recoding
Linkage quality match errors match rate, manual low match rule update

Comparison

benchmarking

aggregate vs formal

big difference

annotation or
calibration

Revision tracking

version control

save a snapshot

result change

versioning
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This scheme presents a star-style data structure for empirical research, with a central fact layer capturing
outcomes, treatments, and controls over firm—time units. It is linked to descriptive dimensions covering firms,
time periods, regions, industries, and data sources, supporting consistent integration, traceability, and flexible
panel econometric analysis(Figure 1).

[ DIM_firm | [ DIM_time |
e tarmoq A S ) ] . - il
o el ~firm_id time_id.- e chorak
o mulkchilik S o * oy
e yoshi § FACT, '
firm_id
time_id
outcome(Y)
treatment(X)
Jo controls(C) ..
region_id/" # indus@ry_id
- x - T x
( DIM_region W | DIM_industry ] | DIM_mdustryw
e kodlar Lo klassifikator J L e klassifikator J
e nomlar ‘

(9 DIM_source |

e manba
e versiya

e yangilanish sanasi

Figure 1. The concept of a “star schema” for data integration

This workflow outlines a stepwise record-linkage procedure that begins by checking the availability of
unique identifiers. Deterministic matching is applied when IDs exist, while fuzzy matching is used otherwise,
followed by threshold scoring, manual audits, duplicate checks, and rule adjustments. The process makes
linkage errors explicit, measurable, and well documented for transparent empirical analysis(Figure 1).

ID bormi?
Ha l lYo’q

Deterministik match W ( Fuzzy match
oo s Rt | ¢ nom + hudud

¢ hudud e tarmoq + manzil
e mulkchilik

e yoshi ;

[ Threshold (0.85+) )

| 3

( Deterministik match ]* Manual audit )
l |« tasodifiy 200 ta) |

[ Duplicate check }

Bu jarayon linkage xatosini “ko’rinarli” giladi va uni hujjatlashtiradi.

Figure 2. Linkage quality assessment (decision tree)
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Final practical conclusion

When an empirical base is constructed in accordance with the above protocol, the following results are
typically obtained:

* Deflators and classifiers are selected as “masters” through benchmarking with official statistics;

« the enterprise register becomes the “identifier core”, to which all data resources are linked;

» the “unobservable” component of financial constraints (for example, rejected credit applications) is
incorporated through questionnaire data;

* proxy indicators are used as a “second signal” for mechanism identification or robustness checks;

» metadata management and versioning ensure the reproducibility and transparency of the results.

CONCLUSION AND SUGGESTIONS

The reliability of econometric results is ultimately determined by a set of selection and integration decisions
made during the construction of the empirical base. This article leads to the following main conclusions.

First, the criteria for source selection must be explicit and transparent, including relevance, coverage,
accuracy, comparability, granularity, timeliness, legal and ethical compliance, and replicability. Second, official
statistics serve as the primary foundation for standardization and benchmarking; however, they do not fully
capture underlying micro-level mechanisms. Third, enterprise-level data provide high micro-precision, yet
strong differences in selection and definition remain, making enterprise registers and stable identifiers critically
important.

Fourth, surveys are essential for measuring unobservable characteristics, but they require careful
treatment of nonresponse, weighting, and complex sampling designs. Fifth, proxy indicators are informative
only when grounded in theory and accompanied by sensitivity analysis; otherwise, the risk of confounding
effects increases. Sixth, when integration steps — including key construction, harmonization, linkage, panel
formation, quality control, and metadata management — are systematically documented, the resulting empirical
base becomes auditable and repeatable.

As a practical recommendation, each study should include a dedicated “Data Appendix” describing data
sources, measurement definitions, linkage rules, quality checks, and version histories. In addition, code and
dataset versions should be stored separately, and a linkage audit should be conducted, even on a minimal
sample. Under these conditions, the empirical base not only supports robust research results but also becomes
a reusable scientific resource for future studies.
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