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Abstract: The decision to set-up a business as a sole proprietor—also individual entrepreneur or
sole trader—is a consequential one for every nascent entrepreneur. Sole proprietorship businesses
have remained the most popular business structure in many countries, including the United States,
the United Kingdom, and Russia, and are vital to the sustainable development of countries and
regions. In this research, we developed a model to investigate if increased online interest in sole
proprietorships led to the creation of new sole proprietorship businesses in four regions of Russia.
Search engine data were retrieved from Russia’s most popular search engine, Yandex, whereas data
on newly registered individual entrepreneurship businesses were retrieved from Russia’s Federal
Tax Service. Our model was comprised of a range of statistical methods, including the augmented
Dickey–Fuller unit root test, the Johansen cointegration test, the Granger causality Wald test, and the
vector error correction model. The results revealed a unidirectional causal relationship between search
engine data and newly established individual entrepreneurship businesses. This means that interest
in individual entrepreneurship, measured through search engine data, influenced the creation of new
individual entrepreneurship businesses. This research provides a pioneering empirical investigation
of the topic in post-Soviet states, and its main contribution includes introducing search engine data
as a key tool for assessing entrepreneurial intention.

Keywords: entrepreneurship; development; sole proprietor; sole trader; individual entrepreneur;
small business; search engine; Internet; small business; Granger

1. Introduction

The study of entrepreneurship has come a long way since Sexton [1] famously asked
if the field was actually growing or just getting bigger. Since then, numerous studies
have attempted to define who an entrepreneur is and the roles they play in society [2–4].
Entrepreneurship has also become crucial to the sustainable growth of local and regional
economies around the world. It has become an important driver of sustainable regional
economic development [5–7] and job creation [7–9].

The influence of entrepreneurship on the economy of regions has been extensively stud-
ied from different directions, including entrepreneurial ecosystems [10–12], the influence
of the Internet and digital technologies [13,14], the impact of government and institutional
policies [15–17], innovation in public sector institutions [18], entrepreneurial culture [19],
determinants of regional entrepreneurship [16,20,21], and the behaviour of regional en-
trepreneurs [22,23]. This article is more specifically focused on sole proprietorship—also fre-
quently referred to as individual entrepreneurship in this article—in the regional economies
of Russia. The United States Small Business Administration defines a sole proprietorship
as “an unincorporated business owned and run by one individual with no distinction
between the business and you, the owner” [24]. A sole proprietorship is a legal structure
which entitles the owner to all the profits from a business but also all the losses. They are
very often micro or small businesses [25,26], and the ease of starting them means they are
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often the first businesses created by entrepreneurs. Additionally, sole proprietorships have
continued to represent a significant proportion of entrepreneurial and business activity
around the world. They represent 56% of all businesses in the United Kingdom, 73.1% in
the United States, and 60.5% of all small- and medium-sized businesses (SMEs) in Russia,
among others [27–29].

This research recognises the considerable body of prior work on sole proprietorships.
However, the overwhelming majority of them have simply focused on taxation, legal
issues, access to credit and finance, or gender. For example, in a study looking at access
to bank credit for sole proprietorships in Italy, Cesaroni and Sentuti [30] found gender
did not play a major role in determining success. In a similar study on gender issues,
Collins-Dodd et al. [26] found significant differences in the financial performance of male
and female sole proprietorships, but concluded it was as a result of other variables, not
gender directly. Further studies on gender issues include studies on work–family balance
among men and women sole proprietors [31], on the role gender plays in the survival of
sole proprietorships [32], and on whether gender influences management styles in the face
of an economic recession [33]. On taxation, Carroll et al. [34] found a connection between
higher taxes and hiring decisions among sole proprietors, Power and Rider [35] concluded
that taxes influenced their retirement savings plans, while McKerchar et al. [36] looked into
the factors motivating tax compliance among sole proprietorships. On legal issues, scholars
have looked into the financial implications [37] and other legal perspectives [38,39].

Furthermore, there have been studies looking into the role of family on sole propri-
etorship and vice versa. A study found the use of family resources is most frequent in
sole proprietorships [40], while another found less family involvement in a sole propri-
etorship [41]. Other studies looked at the use of ICT [25] decision making in hiring [42],
mortality rates and safety issues [43], risk-taking attitudes and behaviour [44], the influence
of ethnicity in decision making [45], and the opportunities a sole proprietorship could bring
for people with disabilities [46]. However, because a sole proprietorship is primarily a legal
status, most prior studies on micro/small businesses and entrepreneurship have simply
examined them as a collective unit and avoided looking into the several entrepreneurial
structures within the units.

While this research does not provide all the answers, it is carried out from an em-
pirically grounded belief that entrepreneurs choose to set up as sole proprietorships for
several reasons, including the ease to set it up [47], taxation [35], and the nature of the
business [25,46,47]. Moreover, due to the amount of time we all, including entrepreneurs,
currently spend online, Internet data and search engine data in particular, can be excellent
aggregators of our intention [48]. As a result, using data from Russia’s most popular
search engine service, Yandex, this research sought to examine if increased online interest
in sole proprietorships corresponded with an increased interest in setting up a new sole
proprietorship business in the Sverdlovsk region, Novosibirsk region, Chelyabinsk region,
and Krasnoyarsk krai in Russia. Data on newly formed sole proprietorships was obtained
from the database of Russia’s tax revenue service [27].

This research seeks to increase our understanding of the motivations behind setting up
a business as a sole proprietorship and is a significant addition to contemporary literature on
the topic. It differs from other prior studies in a number of ways. First, it extends the range
of debate on this very popular entrepreneurship structure. Additionally, to our knowledge,
this is the first study to utilise the quantitative approach we used. This is also the first
study of its kind on any post-Soviet state. Furthermore, this research advances the use of
search engine data to analyse the attention, intention, and motivations of entrepreneurs. It
examines all of these in the context of the regional economy. Finally, it provides actionable
suggestions on how these regions can foster entrepreneurship by making the Internet a
vital part of entrepreneurial ecosystems, particularly in the studied regions.

The article is structured in the following way: the next section contains a literature
review followed by the methodology, results, discussions, and conclusions.



Sustainability 2023, 15, 5053 3 of 16

2. Materials and Methods
2.1. Using Search Engine Data to Measure Intention and Attention

An increasing body of evidence suggests data from search engines can be accurately
used to measure or predict attention, intention, and habit. They have also long been used
to analyse socio-economic phenomena and improve forecasting accuracy. For example, in
a study using machine learning to forecast sales in the publishing industry, researchers
developed a more accurate model when Google search data were incorporated into a
traditional model [49]. This was buttressed by the findings of Wachter et al. [50] who
combined search data from Google with real-world sales data of automobiles to improve
prediction accuracy by up to 27% and reduce sample error by 5%. Furthermore, a deep
learning analysis, which included Google search data in its model, performed better than
other competing models without it [51], and a Nowcasting analysis of four countries in
South-West Europe found a forecasting analysis of unemployment and car sales yielded
better results with Google search data [52]. Moreover, many studies have found positive
relationships between real-world events, sales/prices of products, and search engine data.
Li et al. [53] found an increase in searches for crude oil prices significantly impacted the
prices of crude oil when the price surges and when it collapses. Another study found
Google search query volumes could accurately predict tourism demand in Switzerland [54],
and Höpken et al. [55] concluded data from Google searches can help to accurately predict
tourist arrivals at a mountain resort in Sweden. Other studies found strong positive
relationships between the search queries and sexual behaviour [56], suicidal behaviour [57]
and COVID-19, obesity, Ebola, epilepsy, and other health issues [58–60].

Additionally, there has been an exponential rise in the number of recent research
finding a positive relationship between Internet search results and the prices, trading
volume, turnover, and volatility of stocks, securities, and other commodities. In an empirical
analysis examining data from Google searches, Wikipedia, and Amazon Mechanical Turk,
Curme et al. [61] found a correlation between an increase in search volume and a fall in
the stock market. Other research include a study of Taiwan’s top 50 firms which found
a significant correlation between Google search volume and stock turnover [62], a study
of Japan’s stock market which found a strong positive correlation between Google search
intensity and trading volume [63], a study of seven countries which found a positive
relationship between search volume and stock market liquidity [64], a study in France
which found Google search volume mirrored the attention of investors, which in turn
influenced the stock market [65], and a study in Germany which found search volumes
to be a good proxy for stock market and investor behaviour [66]. There have also been
well-established studies on the stock markets in India [67], the United States [68], Brazil [69],
Norway [70], Vietnam [71], and other countries [72].

As a result, the following was hypothesised:

H1. There is a causal relationship between the number of Internet searches for sole proprietorship
and the number of newly established sole proprietorship businesses in the four regions.

2.2. Data Collection and Analysis

The Federal Tax Service of Russia keeps a very detailed database on the number of
SMEs in the Russian Federation [27]. This database includes the publicly available data
on newly created sole proprietorship—individual entrepreneur—businesses which was
used for this research. For search engine data, the two leading search engines in Russia are
Yandex and Google. However, Yandex was selected because it is far more popularly used.
Moreover, Yandex also makes search engine data publicly available through its Yandex
Wordstat program, similar to what Google does with Google Trends. To retrieve the search
engine results, a keyword search was conducted on Yandex Wordstat for the words ‘sole
proprietorship’. The search results included several variants of the word such as ‘how
to set up a sole proprietorship’, ‘what is a sole proprietorship’, and ‘benefits of a sole
proprietorship’, among others. Keywords that were deemed irrelevant were excluded. For
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example, search results for how to retrieve missing passwords on the government portal
for individual entrepreneurs were excluded.

Therefore, this study used panel data from December 2019 to December 2021. Panel
data are often balanced, reliable, and a more accurate reflection of reality [73]. The variables
considered are the number of newly established sole proprietorship businesses in the
Sverdlovsk region, Novosibirsk region, Chelyabinsk region, and Krasnoyarsk krai, and
the number of Internet searches on sole proprietorship in the same regions. While the
former is the dependent variable, the latter is the independent one, and the goal of the
analysis is to examine if Internet searches for sole proprietorship led to the creation of new
sole proprietorship businesses in these regions. A range of analyses were used for this
research. A break-down of the research approach and a full explanation of the models are
provided below.

To begin the analysis, a time-series trend was first conducted for the data, then a mean
analysis was carried out to simplify the analytical process. All further analyses were based
on the results of the mean. Additionally, a unit root test and the AUDF test were carried
out to determine stationarity. Then, a co-integration test was used to determine if there is a
relationship between the two variables. Afterwards, the Granger causality Wald test was
used to determine the direction of causality before a VECM model was fitted to determine
if the causal relationship exists in the long run. Finally, stability and diagnostics tests
were conducted to analyse robustness. A full explanation of the methodological process is
provided in the following sections.

2.2.1. Unit Root Test (URT)

Unit roots are processes which are nonstationary autoregressive (AR) or autoregressive
moving-average (ARMA) time-series processes. Extensive research has been done to ad-
vance, improve, and critique unit roots from a wide range of statistical approaches [74–77].
Unit roots have been dominant in several fields, such as statistics, economics, energy,
finance, and other fields, which make use of time-series data [75,78]. They are primarily
used to test if the null hypothesis is non-stationary [74,76].

A process that is integrated in an order, n, that is, I(n), is a process that needs to be
differentiated n times to become weakly stationary. A weakly stationary process is referred
to as an I(0) process. An ARMA(p, q) model is defined in terms of its lagged values xt and
its current and past innovations εt as:

xt =
p

∑
i=1

∅ixt−i +
q

∑
i=1

∅iεt−i + εt (1)

It is commonly assumed the innovations are independently and identically distributed
(i.i.d.) Gaussian white noise series εt ∼ N

(
0, σ2), though this is not a requirement.

Equation (1) can be rewritten as:

xt −
p

∑
i=1

∅ixt−i = εt +
q

∑
i=1

∅iεt−i (2)

Additionally, using the back-shift operator, it can be further expressed as:

∅(L)xt = θ(L)εt (3)

where θ(L) is the characteristic polynomial of the AR(p) part:

∅(z) = 1−∅(1)z− · · · −∅(p)zp (4)

where xt is stationary only if the roots of ∅(L) = 0 all lie outside of the unit circle.
Unit root is defined as an AR or ARMA process that has one as a valid root of the

characteristic polynomial equation [79]. Time series with unit roots are nonstationary
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processes [77]. In the case of an AR(1) process, if |φ1| = 1, there will be a unit root;
however, the focus is usually on |φ1| = 1 when |φ1| = −1. Even if the variance is not
constant, the process will exhibit an oscillatory behaviour as the sign is reversed in every
step, which we would argue is a less pathological case than when |φ1| = 1. Consider
the unit root xt = xt−1 + εt; this is an integrated I(1) process which can be turned into
a stationary process via first differences: ∆(xt) = εt. If the AR(p) process has all its
characteristic polynomial roots with an absolute value greater than one, such a process is
taken to be causal and will also be stationary [79].

Unless otherwise noted, the null hypothesis is defined as an AR(1)model xt = φ1xt−1 + εt
where φ1 = 1. This corresponds to a nonstationary I(1) process. This is not very usual in
statistics where the multiplier is typically considered to be 0 under the null hypothesis—as
in a t-test—for the coefficient of a linear regression model.

2.2.2. Augmented Dickey–Fuller Unit Root Test (ADF URT)

This is an extension of the Dickey–Fuller unit root test for ARMA models [80,81].
The model for a Dickey–Fuller unit root test is expressed as:

yt = φ1yt−1 + εt; εt ∼ i.i.d. N(0, 1); yt = 0 , (5)

While the model for Augmented Dickey Fuller unit root test is expressed as:

∆yt = α + δt + βyt−1 +
n

∑
i=1

yi∆yt−i + εt (6)

where ∆ is the difference operator and εt represent 0 mean.
Hypothesis yt is considered to be I(1), which is equivalent to ∆yt being I(0) in which

case β would be zero. The test statistic is the standard regression t-statistic tβ = β
s.e.(β)

.
A normalized bias test statistic can be used as well. The critical values for these test
statistics were derived from a nonstandard distribution. They are the same as the stan-
dard Dickey–Fuller critical values which depend on the form of the deterministic compo-
nents [80,81]. The lagged differences allow correcting for serial correlation in the innova-
tions. The ADF URT is sensitive to the choice of the number of lags n. Therefore, Ng and
Perron [82] proposed an iterative method to determine the lag length based on choosing
the largest lag where the t-ratio of γi is still significant. The results of this analysis are
presented in the table below.

2.2.3. Cointegration Test

Linear relationships involving integrated nonstationary time series are meaningful
only if the time series are cointegrated. While there are various definitions of cointegration,
Engle and Granger [83] defined a cointegrating relationship between two or more time-
series variables with unit roots (I(1) I(1)) to exist if there is a linear combination that is
stationary, i.e., I(0). Therefore, two time-series variables, xt and yt, are cointegrated when
there exists a number, α1, in the linear equation yt = α1xt + νt such that νt is a stationary
process. In an analysis with two variables, this approach can be implemented using the
two-step Engle Granger procedure, where the first step consists of using least squares to
derive a linear relationship between the two variables, and the second step consists of using
a URT on the residuals of the first step’s regression [83].

When there are more than two time series to check for cointegration, there are multiple
possible cointegrating relationships, and the Engle Granger two step methodology is
not sufficiently flexible. In this case, the most commonly used approach is the Johansen
cointegration test [78,84], which is based on the estimation of a pth-order VAR in the k
variables. The VAR in the k–vector y is:

yt = Π1yt−1 + Π2yt−2 + . . . + Πpyt−p + ΨDt + εt (7)
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where Dt is a d-vector of deterministic terms, such as a constant, time trend, and sea-
sonal dummies if necessary. The estimation of the rank of the following matrix Π will
approximate the number of possible cointegrating relationships if any as follows:

Π = −
(

I −Π1 −Π2 − · · · −Πp
)

(8)

No assumption is made about the rank of Π. In the decomposition Π = αβ′, α and
β are k x k matrices. The goal is to determine whether any columns of β′ are statistically
indistinguishable from zero vectors. The existence of r cointegrating vectors reduces the
rank of Π by k− r; that is, if there were r cointegrating relationships between the given
variables, then there would be r non-zero eigenvalues in the dynamic system, and k− r
zero eigenvalues [78]. The methodology is based on canonical correlation analysis.

2.2.4. Granger Causality Test

However, the goal of this research is to not just establish if there is a long-run relation-
ship between the number of Internet searches for sole proprietorship and the number of
newly established sole proprietorship businesses but to also establish causality. The goal
is to see if changes in one of the two variables influences changes in the other and to also
establish the direction of this causation. This means the intention is to establish if there is a
unidirectional causality, or a bidirectional one, or none.

Applying the Granger [85] rationale for testing the causality involves implementing F-
tests to investigate whether lagged values of a variable Y provide any statistically significant
information relative to variable X in the existence of lagged X values. Accordingly, if it
does not, then “Y does not Granger-cause X”. Additionally, causality can be separated into
long-run and short-run causality [85]. Long-run causality is investigated by error correction
models, and the short-run is determined using a Wald test. A vector error correction model
(VECM) is applied to confirm the correlation between the variables. However, if there
is no cointegration, causality can be examined in the vector autoregressive (VAR) model
specified in the first difference [75,86].

To test if X granger causes Y, we need to determine if any lags are statistically sig-
nificant in our model. We can do this using a Wald test for linear restrictions [87]. The
Wald test is based on the fairly simple premise that we wish to compare the performance
of a restricted model for Y, which excludes X, against an unrestricted model for Y, which
includes X.

When testing for Granger causality, we test the null hypothesis of non-causality,

H0 : β2,1 = β2,2 = β2,3 = . . . = β2,p = 0 (9)

The Wald test statistic follows a χ2 distribution.
The Wald test statistic is mathematically given as:

W =

(
β̂− β0

)2

var
(

β̂
) (10)

We are more likely to reject the null hypothesis of non-causality as the test statistic
gets larger.

We should test both directions, X ⇒ Y and Y ⇒ X .
The table below shows the results for the Granger causality Wald test.

2.2.5. Vector Error Correction Model (VECM)

It can be understood that cointegration indicates the presence of causality among two
time series, but it does not detect the direction of the causal relationship. According to Engle
and Granger [83], the presence of cointegration among the variables show a unidirectional
or bi-directional Granger causality among the variables. Further, they demonstrate the
cointegration variables can be specified by an error correction mechanism (ECM) that can
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be estimated by applying standard methods and diagnostic tests. The VECM regression
equation can be expressed as follows:

∆yt = α1 + p1ecm1t−1 +
n

∑
i=0

βi∆yt−i +
n

∑
i=0

δi∆xt−i +
n

∑
i=0

γi∆zt−i + ε1t (11)

∆xt = α2 + p2ecm2t−1 +
n

∑
i=0

βi∆yt−i +
n

∑
i=0

δi∆xt−i +
n

∑
i=0

γi∆zt−i + ε2t (12)

where βi, δi, and γi are the short-run coefficients, ∆ is the symbol of difference operator, p
is the lag order, ecm1t−1 and ecm2t−1 are the error correction term (ECT), and ε1t and ε2t
are the residuals. Further, the ecm1t−1 is the lagged value of the residuals derived from the
cointegrating regression of y on x (Equation (11)), whereas the ecm2t−1 is the lagged value
of the residuals derived from the cointegrating regression of x on y (Equation (12)).

3. Results
3.1. Trends and Mean

Figure 1 above shows the trend patterns of newly established sole proprietorship
businesses for all the four regions under study. The pattern of variation for the individual
series are very similar to each other. It shows that for the period under review, the trend for
all four regions is similar.
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Figure 1. Trend of newly established sole proprietorship businesses for the four regions under study.

The mean result for newly established sole proprietorship businesses in the Chelyabinsk
region was 15,460.33, while the mean results were 12,675.42, 16,380.13, and 20,174.33 for
the Krasnoyarsk, Novosibirsk and Sverdlovsk regions, respectively.

Figure 2 above shows that while the number of Internet searches are quite higher for
the Sverdlovsk region, the trends for all four regions are fairly similar.
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Figure 2. Trend for Internet searches for sole proprietorship.

We also analysed the mean results for Internet searches on the words ‘sole propri-
etorships’ in all four regions. The results show a mean of 7371.917 for the Chelyabinsk
region, 6476 for Krasnoyarsk krai, 8173.292 for the Novosibirsk region, and 13,197.46 for
the Sverdlovsk region.

3.2. Unit Root Results

Figure 3a,b show the pattern of the number of newly established sole proprietorship
businesses at level and at first difference. There is a slight downward trend at level which
makes the series non-stationary as evident in the unit root test in Table 1. The graph of the
first difference shows the series is stationary after the first difference.
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Table 1. The augmented Dickey–Fuller test result.

Variable Level (p-Value) First Difference (p-Value)

New sole proprietorship
businesses 0.1359 0.0001

Internet searches 0.1781 0.0199
Note: Using the mean of the two variables (newly established sole proprietorship businesses and Internet searches),
Table 1 shows the results of the augmented Dickey–Fuller test at level and at first difference. Column 1 contains
results for the number of newly established sole proprietorship businesses, while Column 2 contains results for
Internet search engine data.

Figure 4a,b show the pattern of the number of Internet searches on sole proprietorship
at the level series and at the first difference. Though the trend in the graph of the series at
level is not obvious, the series is non-stationary as evident in the unit root test in Table 1.
The graph of the first difference shows the series is stationary after the first difference.

From Table 1, both variables were found to be non-stationary at level (p > 0.05). At
first difference, both variables were found to be stationary (p < 0.05).

3.3. Results for Cointegration and Causality

The statements in Tables 2 and 3 are the null hypotheses statements of the tests.
The results in Table 2 show a long-run relationship exists between the two variables at
p < 0.005. The first p-value of 0.562 is greater than the 0.05 significance level (p > 0.05),
indicating we should fail to reject the corresponding null hypothesis. In contrast, the
second p-value of 0.021 is less than 0.05 (p < 0.05), making us reject the corresponding null
hypothesis. Therefore, we can conclude the causality is unidirectional, meaning the mean
of Internet searches for sole proprietorship Granger causes the mean of newly established
sole proprietorship businesses in the four regions under study, not the other way around.
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Table 2. Cointegration test result.

Cointegrating Equations χ2 p-Value

1 34.06244 0.0000
Note: Using the mean of both variables, the cointegration test was used to test for a long-run relationship between
newly established sole proprietorship businesses and Internet searches (the two variables).

Table 3. Granger causality Wald test results.

p-Value

New sole proprietorship businesses do not Granger cause
Internet search for sole proprietorship 0.562

Internet searches for sole proprietorship do not Granger cause
new sole proprietorship businesses 0.021

Note: The analysis used the mean figures of both variables. In trying to examine the direction of causality, column
1 contains a null hypothesis showing the direction of causality from new sole proprietorships to Internet searches.
Column 2 expresses a null hypothesis, showing the direction of causality from Internet searches to new sole
proprietorship businesses.

Having established a causal relationship between the mean for Internet searches and
the mean for individual entrepreneurs as a unidirectional relationship from the former
to the latter (Table 3), we proceeded to state the fitted VECM model. The results show
this causal relationship is a long-run relationship (Table 4). Though interpreting a VECM
equation is not always encouraged, it can still be said that for every unit change in the
Internet searches for sole proprietorship, there is a −1.516 response in the number of newly
established sole proprietorship businesses.
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Table 4. Vector Error Correction Model for Long-Run Relationship.

Vector Error Correction
Model Coef. Std. Err. z p-Value 95% C.I.

Newly established sole
proprietorships 1

Internet searches for sole
proprietorships −1.516 0.260 −5.84 0.000 (−2.025, 1.007)

Note: The results in Table 4 show the Johansen normalization restriction-imposed model as the coefficient of the
causal variable was exactly identified. Column 1 shows the results for newly established sole proprietorships,
while column 2 shows the results for Internet searches of sole proprietorships.

A number of tests were conducted on the robustness, sensitivity, and stability of the
results. They include an orthogonalized impulse response function (Figure S1), a Lagrange
multiplier test (Table S1), a stability test (Figure S2), and a forecast (Figure S3); all are
included as a Supplementary File.

4. Discussion

The dominance of the Internet in our lives means we are currently living in the
most data-rich period in history [88]. In particular, the global use of search engines to
obtain information have made them some of the most important repositories of data in the
world. For example, for COVID-19, Google search data has been accurately used to predict
outbreaks, analyse population concerns, monitor sanitation practices, and investigate well-
being, among others [89–91]. Nevertheless, while there has been an increase in the use of
search engine data to predict and investigate attention, intention, and behaviour in business,
economics, and finance [61,62,66], there have been very little on entrepreneurship and
almost none on sole proprietorships. This research aspired to fill this gap. The paper began
by examining the trends in the four regions of Sverdlovsk, Novosibirsk, Chelyabinsk, and
Krasnoyarsk krai for both the number of newly registered sole proprietorship businesses
and the number of Internet searches for sole proprietorship. The results (Figures 1 and 2)
showed a similar trend for all four regions, although the Sverdlovsk region had a higher
number. Therefore, to simplify the analytical process, the mean of all four regions was
used for all further analyses. Furthermore, due to the nature of this research, a unit root
test (Figures 3 and 4)—which is frequently used for research of this kind—was carried
out [76,84,86] and included the augmented Dickey–Fuller test [80,81]. The results were
non-stationary at level and stationary at first difference for both the number of Internet
searches and the number of newly registered sole proprietorship businesses (Table 1).
Additionally, the co-integration test (Table 2) revealed a long-run relationship between the
two variables of Internet searches and the number of newly registered sole proprietorship
businesses. This is in contrast with a similar study in Vietnam which found no long-run
relationship between Google keywords and its influence on entrepreneurs [92]. The results
of the Granger Wald test [85,87] and the VECM [83] confirmed the central hypothesis of
this research, revealing a unidirectional relationship between Internet search data and
newly created sole proprietorship businesses. This means that Internet searches on sole
proprietorships lead to the creation of new sole proprietorship businesses in the four
regions, and this causal relationship exists in the long run (Tables 3 and 4).

The implications of these are immense. The results show Internet search data as an
excellent aggregator of the attention and intention of entrepreneurs. This can be somewhat
explained by the extraordinary amount of time most people spend online. Moreover,
the result confirms prior studies which found search engine data can lead to real-world
entrepreneurial, financial, and economic action [61,62,66]. For future academic research,
we recommend including search engine data as a tool for measuring and analysing en-
trepreneurial activity. It can be used to enrich existing panel data and for developing more
accurate forecasts of future entrepreneurial activity. In addition, search engine data can
also provide an important resource for policy formulation, especially because search engine
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data can be retrieved well in advance of official data. It can be used to complement existing
data and can be particularly helpful for examining the pulse of newly introduced polices
before official data are released. This enhances dynamism in the policy formulation process.
Using search engine data can provide quicker feedbacks and empower policy makers to
tweak poorly performing entrepreneurship policies or intensify highly performing ones
well in advance of official data. Finally, search engine data can also be included in any
future strategies for developing modern entrepreneurial ecosystems.

5. Conclusions

We presented an empirical assessment of how search engine data can be used to
accurately measure the attention and intention of nascent entrepreneurs. This was done
using data obtained from the Yandex search engine and the Federal Tax Service of Russia.
Our research provides a robust quantitative assessment to guarantee the accuracy of
our results. First, to navigate research as complex as this, we took the mean of both the
dependent and independent variables and proceeded to more advanced analyses, including
the augmented Dickey–Fuller unit root test, the Johansen cointegration test, the Granger
causality Wald test, and the vector error correction model (VECM) model. Our analyses
revealed a unidirectional causal relationship between search engine data and newly created
sole proprietorship/individual entrepreneurship businesses. This revealed that searching
for information on individual entrepreneurship on search engines eventually led to the
creation of new individual entrepreneurship businesses in the four regions under study. We
hope this research would encourage further studies on the topic in other parts of the world.

This study is not without limitations. First, this research is experimental and should
be considered a baseline for future studies. The results should be carefully interpreted
to reflect this. Additionally, it is limited to regions in Russia and might not be directly
generalizable to other parts of the world. Furthermore, the data used for this research only
cover the period between December 2019 and December 2021. Therefore, further studies
in other regions and countries and those examining a longer and more recent timeframe
are strongly encouraged. Additional control variables may be needed to provide definitive
conclusions to the results.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su15065053/s1, Figure S1: Orthogonalized Impulse Response
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