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Background (ICT survey) ’:EE,

The aim of the European ICT usage surveys is to collect and disseminate
harmonised and comparable information on the use of Information and
Communication Technologies in enterprises and e-commerce at European
level.

» Frequency of data collection: annual.

» Population: enterprises with 10 or more persons employed.
> Statistical unit: enterprise.

» Breakdown: by size class, by NACE Rev 2 categories.
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URL search algorithm (1)

ICT population + URL list*

Do we have an URL?

Web scrape.
At least one characteristics was
found in the scraped data?,

URL finder.
Is URL assign?

Enterprises with
URL's

Enterprises with ||
URL's

Enterprises
without URL's

* URL list in 2021 was provided by private company, for the other year — the previous
year list is used.
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URL search algorithm (2) ’:EE,

1. Selenium module is used in Python.

2. All data are saved in the sqlite database.

3. More than 10 different search phrases (Enterprise ID, name, contact
information) are used to check if this is the right page.

URL finder

1. Sending search terms to a search engine.

b

Scraping the result URLs.

@

Extracting the scraped data.

Creating a machine learning or rule-based model to link websites to
enterprises:

>

> Logistic regression, random forest models are used.

» Indicators: enterprise ID, name, municipality, street, zip code, e-mail,
telephone, Enterprise’'s name in URL.

» No more then one URL is assign to enterprise.
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Research goal and problems ’:EE,

Available Data:
» Target population, URL list.
Research Goals:

» Scrape all URLs, find company characteristics such as link to social
media presence, e-commerce realization, and estimate proportions
for the entire population.

Challenges:
» Not all URL can be scraped.

» The values of the study variables are not directly observable, they
are estimated .

Solution:

» Use sample theory methodology.
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Data availability scenarios

VaanN

d)

u

Here

U — a finite population;

A — a probability (reference) sample;

B — a non-probability sample.

Scenario | Scenario Il Scenario 1ll Scenario IV
Datasets | y ‘ X y ‘ X y ‘ X y ‘ X

u v v
A v v v v v v
B v v v v v v v v
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Target parameter {:’,

Let y be a study bivariate variable with the fixed values yi,...,yn in
the population & = {1,..., N}. The values yj are observed in the non-
probability sample B C U.

We aim to estimate the population proportion

1 N
Py = Uy = N Z}/k-
k=1

Let x(9 . ..., x(™ be m+1 auxiliary variables completely known in /. For the

element k € U, these variables attain the vector value xx = (Xko, - - - s Xkm)”
with xo = 1.
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A propensity score

The indicators

1 if ke B,
R = ]
0 otherwise

describe inclusion of the unit k € U to the non-probability sample.

The probability 7 = P(Rx = 1| x«, yx) called a propensity score is used
to describe the inclusion of k € U into the non-probability sample B.

A set of assumptions is usually imposed to simplify the modeling of the
propensity scores.
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A set of assumptions

(A1) P(Rk =1 | xk,yk) = P(Re =1 | xk), k € U;
(A2) 7 >0, kelU;
(A3) P(Rk:1,R/:].|Xk,X/):P(Rk:].|Xk)P(R/:].|X/);

To estimate the propensity scores, a parametric logistic regression model
is applied:

. __exp{x B}
T = (XK, B) = T+ op(x,f)’ kel.
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Inverse probability weighting (IPW) estimator {:’,

Then the ML estimators of the propensity scores are
7r =m(x,B), kel
Taking the weights W} = 1/7;, the estimator

N 1 A~k Y ~ %
b= = Z Wi Yk, where N = Z w;, (1)
N <8 keB

is called the IPW estimator.
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Data {:’,

» U — The Information and Communication Technology (ICT) study
population (N = 13403).

> y(;) — binary study variables indicating whether the company has links
to social networks on its website, engages in e-commerce.

Study paramater is a population mean By = tym/N.
A — probability sample (ny = 3077).
B — non-probability sample (ng = 7903).

vV v.v Yy

x© . x(M — auxiliary variables, such as number of employees, in-
come, NACE and region indicators.
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Algorithm

Population
ion of
e A Does the
Yes company have a
website?

sampe ——
data Population B Population C
Scraping of the
websites
Sample B, Yes No

data without

errors?
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Study variables

Search
methods
(HTML) I variablas

XgBoost
algorithm

» Deterministic methods are used to determine the values of study vari-
ables that indicate whether a company website has a link to certain
social network;

» A study variable's values indicating whether the company is engaged
in e-commerce are obtained by applying the XgBoost algorithm.
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Results

Estimate, %
a5

ap 386

17,4
14,3

5,2
5 .
0

Social media Facebook  Youtube Instagram Linkedln X (Twitter) E-commerce
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Part were you have to make change.

m(list:
# set your working directory
setwd (

provide a dataset of population

population <- read excel ( )
#provide information about variables in population:
name of identificator:

how many categorical variables are in the population?
categorical_n=2

categorical_variables=c (" )

#3. how many numeric variables are in the population?
numeric_n=1

numeric_variables=c ("x")

#4. Name of indicator about the www

ww=c ( )

#provide a dataset of the sample (sc'ap;d)
read_excel (
information about Varlables in the

#2. how many indicators are in the sample?
indicators_n=3
indicators_variables=c ("
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[1]
length (indicators_variabl

tors variables
s [

Last=indicators variable:

which (indicators variables == First) :which (in
y=dplyr::pull mple_w, indic _variables[i])
tabl )
tt_ un (y*sample wSw,
mu_www=tt B/NN_www
mu_pop=tt_ B/NN*
REZ [nrow (REZ) +1, ]=c (indicators variables[i],
round (tt_B, 2),
round (mu_www, 2),
round (mu_pop,

um (sample_wSw) *NN_www

ame wor

e x1sx (REZ,
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