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Quality-adjusted price changes on the Hungarian mobile market between 2015-2021

Zoltdn Pdpai,” Péter Nagy,? Aliz McLean’®

Paper to be presented at the International Telecommunication Society Conference 2022

Abstract

Mobile technology and services have developed dramatically over the past decades, with
mobile operators’ competing commercial offers providing a wide menu of service packages
with varied quality and quantity characteristics. The prices of these commercial offers do not
directly reflect the continuous improvements in service characteristics and functionalities
over time: the price changes need to be adjusted for quality. In this paper, we estimate the
hedonic changes in residential mobile consumer prices on the Hungarian market by
controlling for the changes in the relevant service characteristics and quality, between 2015
and 2021. We also attempt to separate the hedonic price changes from the effect of two
specific government interventions that occurred in Hungary, namely the changes in the
value added tax (VAT) levied on internet services, in 2017 and 2018. Our results show
significant hedonic price changes over the observed period of over 30%, which turns out
not to be primarily driven by the VAT policy change, but by real improvements in broadly
defined service quality.
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1. Introduction

Mobile technologies and services have developed significantly over the past decades.
Today, competing mobile operators provide voice, messaging and broadband data via a
wide menu of commercial offers with varied qualitative and quantitative characteristics.
Simply comparing the prices of commercial offers over time does not reflect the continuous
improvements in service characteristics and functionalities. Only quality-adjusted price
changes can provide adequate information on the evolving value of these services.

The main motivation and goal of this paper is to estimate the hedonic changes in residential
mobile consumer prices on the Hungarian market by controlling for the improvements in
the relevant service and quality characteristics, between 2015 and 2021. A secondary goal
of the study is to separate the truly hedonic price changes resulting from service
development and competition from the effect of the government tax interventions that
occurred in the middle of this period.

After the shock of the 2008 economic crisis, there came a period of low inflation in
developed countries. This also stands for Hungary, where the heavy-handed government
policy of freezing energy prices and other public utility and communal service charges was
an additional factor in tuning inflation down. In the second half of the 2010s, however,
unregulated consumer prices started to increase. According to the Hungarian Statistical
Office, the consumer price index was 18.6% higher in 2021 compared to 2015, and this
increase was 11% in the service price index. In contrast, telecom consumer prices (which are
not regulated) decreased by a little more than 7% over this period.* One of the drivers of this
perceived price decrease was most certainly the reduction of the value added tax (VAT) rate
on internet services (both fixed and mobile), due to the government’s intention to promote
digital service take-up and usage. In two steps, the 27% VAT rate® was reduced first to 18%
in 2017 and further to 5% in 2018 for internet services, while the VAT on voice and text
messaging (SMS) services remained at its original 27% level. Since then, while users of
bundled voice and data packages pay a single price for the package, the tax content of the
voice and the data parts has become different.

In addition to the change in VAT, there may well be other drivers behind the price decrease,
like competition or cost efficiencies passed on to consumers. The official statistical index
masks these effects. Moreover, the official aggregate index does not take into account the
considerable increase in quality in mobile services (as a result of extensive 4G network
deployments), nor the improvements in quality and quantity in the characteristic features
of mobile services. For products and services where quality characteristics improve from
year to year, conventional statistical price indexes (which do not control for these changes)

*The Hungarian Statistical Office publishes only a common price index for telephony and internet services, not
separating voice telephony (including SMS services) and internet services, nor fixed and mobile services. The
regulator also does not provide such figures.

5> The general VAT rate in Hungary was raised from the already high 25% to 27% in 2012, making it the highest
general consumption tax rate in Europe.



are almost useless: they cannot function as good proxies for measuring the changes in
consumer welfare. Hedonic indexes are the correct instruments for this job.

In this study we assess the cumulative quality-adjusted price changes of mobile services in
Hungary. We use the hedonic regression methodology to estimate quality-adjusted
changes in mobile prices for residential postpaid mobile packages between 2015-2021.
First, we show the trajectory of quality-adjusted price changes in the studied period, and
second, that the estimated price decrease is significant even if we take the two-stage VAT
decrease of 2017-18 into account.

The structure of the paper is the following. Section 2 discusses the background of the
hedonic approach, and specifically the time dummy variable hedonic regression method.
Section 3 provides a fairly detailed literature review of applying the hedonic approach to
mobile telecom pricing. Section 4 briefly presents developments on the Hungarian mobile
market between 2015 and 2021. Section 5 describes our data and Section 6 our modelling
considerations. Section 7 details our results, and Section 8 concludes.

2. The hedonic approach

Mobile services are complex: the packages contain many different service elements and
features, but are priced as bundles. To assess the improvement in consumers’ position, it is
not enough to focus on the price of the mobile service - which often does not change or
even increases. Any meaningful comparison must consider that the quality and/or the
service content is improving, and the quantities of data, voice and messages included are
increasing. Hedonic analysis is a well-established method for identifying and measuring
quality-adjusted price changes. In this paper, we analyse these quality-adjusted mobile
prices in Hungary between 2015-2021, by estimating a chain of hedonic price indices. We
use a hedonic function to relate the prices of different varieties of a product and the
quantities of various characteristics in them (see Triplett, 2004, 41).

A mobile plan typically consists of many individual service characteristics and features, and
the bundle of these quantity and quality characteristics determine the price of the total.
According to the hedonic approach, the utility from the consumption of the product or
service stems from these characteristics. Hedonic pricing assumes that the total price of a
product is the sum of the prices of the individual characteristics. Product characteristics may
change over time; in the case of technological products (like computers or mobile phones)
or services (like mobile or fixed communication), quite quickly. We may therefore experience
significant changes in the quality and/or quantity characteristics, while the observed
product price remains relatively stable, rendering conventional price indexes essentially
useless.

The adequate hedonic index can be calculated in several ways, for example by using the
dummy variable method, the product-specific price index, or by using indirect solutions
such as a hedonic imputed price or hedonic quality adjustment methodologies (Triplett
2004).

The use of a hedonic index and a hedonic function in economic analysis is not new. The
theoretical foundation of the hedonic approach was laid down by Kelvin Lancaster (1971) in



his consumer theory. His main assumption is that each product can be interpreted as a set
of different consumption characteristics, and consumers buy the product because of the
utility gained from these. Another important contribution came from Rosen (1974), who
described the economic theoretical framework for the hedonic analysis, linking it to product
differentiation, which is found in many industries. Instead of looking at differentiated
products as many goods that are somewhat different from each other, they can be
interpreted as combinations of a few product characteristics. The correlations between price
and the realised combination of these characteristics can be studied empirically using the
hedonic method.

As Triplett (2004, 87-89) discusses in a historical note, there were empirical studies we would
now call hedonic even before the appearance of the theory. He mentions Court (1939),
Stone (1956) and Griliches (1961) to be the pioneers of applying the dummy variable
method for estimating hedonic price indexes. Griliches was the first to use other than
dummy variable methods in his econometric studies of the used car market (see
Griliches1961 and Ohta and Griliches 1976).

Here we describe only the essence of the dummy variable method, which is used frequently
and which we also chose to study the changes in mobile prices.

2.1 Time dummy variable hedonic regression method

In the time dummy variable hedonic method, we run a regression of the product prices on
the relevant service characteristics, and a separate dummy variable is included in the model
to capture the time effect. This method is also called the direct method because the time
dummy variable coefficient directly measures the price change that has occurred in the
given period compared to the base period. The price change of several consecutive periods
can be calculated as a chain index by adding the coefficients of the subsequent periods.

In the estimation, together with the time dummy variable, we also estimate the coefficients
of the relevant product characteristics. These coefficients are also informative in themselves,
but first and foremost we are using them to filter out the effects of changes in the product
characteristics, in order to get a good estimate of the time coefficient. This coefficient then
measures the quality-adjusted price change over the given period.

The other estimated coefficients of the regression can be considered the implicit prices of
the service characteristics. They give the effect of the change in these characteristics on the
price, keeping the other factors fixed.

The hedonic function is the following (see de Haan and Diewert (2013):
pi = f(Zit,p ""Zit,K)
where:
pit is the price of productiin period t;t=0,... T,
zifk is the kth characteristic of productjin period t; k=1, ..., K.

The general form of the linear time dummy variable regression equation is the following:



pf =a+z,8k xzf + 60 xdt +gf
X

where:
a is the constant,
B is the coefficient of the kth characteristic of the product (implicit price),
dt is the dummy variable in period t (equals to1 in period t, and 0 otherwise);
ot is the coefficient of the time dummy (price change in period t),
el is the error term of product i in period t;

For the correct model specification, it is important to include in the equation all relevant
product or service characteristics in order to avoid the omitted variable bias. Parameters can
simply be estimated using ordinary least squares (OLS).

3. Review of the literature: the hedonic approach in analysing mobile prices

The use of the hedonic approach to study changes in telecom prices is a relatively recent
enterprise. There have been only a few studies on the hedonic prices of mobile services so
far; with most articles being published from 2010 onwards. However, we present a fairly
detailed review of the studies that are available, in order to make them comparable with
each other and with our own study.

The earliest substantive study was undertaken by Karamti and Grzybowski (2010). They
examined the evolution of hedonic mobile prices in France from June 1996 to December
2002. The authors compiled monthly data on postpaid and prepaid offers from telecom
price magazines and annual reports from the French regulatory authority, ARCEP.

The database recorded the characteristics of 3022 tariff packages in three main groups. The
first group contained basic features, such as the minutes included, the intensity of the usage
and the name of the service provider. The second group was made up of horizontal or value-
added service features, like call forwarding. And finally, the third group contained the
technical parameters of the network, such as coverage.

Karamti and Grzybowski (2010) used a time dummy variable hedonic regression model and
estimated the coefficient of price change for pairs of adjacent months. According to the
specification of the model, the dependent variable was the logarithm of the price, and the
independent variables were mostly category variables.

Since there was no information on the number of users for the observed packages, they
could not assign weights to the price observations. Coefficients were estimated by OLS
regression.

The trajectory of price change was calculated by cumulating the estimated monthly price
changes. Prepaid and postpaid offers were regressed separately, and although in both cases
hedonic price declines were measurable throughout the period, monthly prices varied over
time and to differing degrees. A separate estimate was done for each provider and the
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authors tested whether the changes had followed different dynamics for the different
providers.

This pioneering hedonic study was carried out at an early stage of the mobile market. This
was the period of extensive development when mobile service penetration was far from full,
and residential mobile data services were practically non-existent. Many of the
differentiating characteristics that were important at the time of the study and seemed
essential to incorporate into the hedonic function have now become less important or even
marginal, and have lost their relevance as differentiating factors.

In spite of this, we believe that the study is still important because it was the first to
demonstrate the relevance and usefulness of the hedonic approach for studying mobile
prices. In addition, two methodological lessons are worth highlighting: (1) the hedonic
analysis can be performed on an unbalanced panel on publicly available mobile offers
without consumption weights, and the results will still be informative about price level
changes; (2) the problem of multicollinearity (due to the connection between the relevant
characteristics) can be mitigated well by combining the correlating service characteristic
variables into composite variables.

Almost a decade later, Nicolle, Grzybowski, and Zulehner (2018) conducted another hedonic
mobile price study in France. They analysed the price changes of mobile packages between
May 2011 and December 2014. They investigated mobile prices in a quite different period
then the Karamti-Grzyboski study. This time it was the era of mature 3G when smartphone
penetration was increasing significantly and smartphones were starting to dominate the
market. In this period, most of the mobile plans incorporated a low but growing amount of
data usage beside the usual voice and SMS services.

The authors had data on the offers of Orange, the largest network operator on the French
market. However, they claimed that their results may well also reflect the price dynamics of
the whole market, since the prices of the competitors correlated strongly with those of the
market leader. In the nearly four-year period under review, 1112 tariff packages were
identified, resulting in a total of 7346 monthly tariff observations.

The service characteristics they considered were the size of the data allowance, the amount
of voice minutes included in the package, whether the offer was a part of a quadruple play
bundle, the loyalty contract, the device subsidy, the 3G discount (low-cost plan), and
premium access to music (Deezer). Most of the variables in the hedonic equation were
category variables. They used the numbers of monthly customers, from the panel subscriber
database of Orange, as quantity weights for the observations.

The dependent variable of the hedonic equation was the price of the plan in euros, and the
explanatory variables were the package characteristics. The estimation was done on the
pooled data, so the month dummy coefficients they obtained measured the estimated
cumulative price change to the base period, and the trajectory of the price change was
defined by these estimates. The authors estimated their models by OLS and also by
weighted least squares (WLS) using the subscriber numbers as weights. The OLS estimate



showed a lower price decline than the WLS estimate, though the latter fit better and they
also considered its output more realistic.

The cumulative quality-adjusted price change was estimated as -42.8%, quite remarkable
concerning the relative shortness of the period. It is not surprising that the decrease was
significantly larger than the -8.7% cumulative change of the average price, which was
calculated without controlling for the changes in the service characteristics.

A further, relatively recent hedonic study of mobile prices was prepared by OFCOM (2018),
the UK telecom regulator. They conducted an econometric analysis of mobile price
developments in the UK between 2013 and 2017 using hedonic regressions. Their analysis
was motivated by the need to investigate the validity certain publicly raised concerns on
mobile pricing in the UK.

In the period OFCOM studied, significant changes occurred in service characteristics: for
example, the 4G service was launched and rolled out quickly, and as a result service quality
characteristics improved significantly. Packages’ data allowances as well as the volume of
calls and messages included in the plans increased.

OFCOM investigated mobile service provider offers in the UK between 2013 and 2017. The
database contained more than 1.2 million monthly observations. There was no available
data on the number of users for each package, therefore it was not possible to assign
consumption weights to the different observations. However, OFCOM had data on the
devices and their characteristics, which were available in connection to some of the plans.

The dependent variable of the model was the monthly fee, in GBP. The service characteristics
in the hedonic model were: device category; contract length (loyalty period); data, voice and
SMS allowance included in the package; network technology (3G or 4G) and service
dummies. Some model specifications used year-provider interactions.

Two model specifications were used. The first model used the linear specification which was
preferred as a result of the Box-Cox test, the other used a linear-log specification, where a
logarithmic transformation was applied to the data allowance. Overall, they found that the
use of different specifications did not lead to a significant difference in results.

The estimation was done on pooled data. The robustness of the results was tested by using
alternative variables and variable specifications, but these did not cause significant change
in the results. From the main models, data on packages with greater than 20 GB data
allowances were left out. They focused only on postpaid packages.

OFCOM found that the estimated cumulated quality-adjusted price of mobile services
decreased by GBP 6 from 2013 to 2017.In addition to the general price change in the market,
they also looked at how the price change developed by service provider and found that
there were significant differences between the operators.

In addition to these three studies, we mention two others briefly.

Forenbacher, Perakovic and Husnjak (2016) studied the changes in the prices and quality
characteristics of mobile packages in Croatia between 2009-2013, using hedonic analysis.



They compiled the database from public data on the monthly fees and service
characteristics of a total of 249 postpaid packages for the whole period. Most characteristics
were coded as dummy variables. A network operator dummy was also used to capture
provider-specific fixed effects.

They tested two model specifications, simple linear and log-linear versions. The linear
specification was found to fit better. They estimated the time dummies with OLS on the
pooled database, however an estimation on pairs of adjacent periods was also done. As data
on the number of consumers for each package was not available, they could not assign
weights to the observations. Based on the results of the linear model and the average price
of the starting period, they calculated a hedonic price index. However, the small number of
annual observations set a substantial limit on the number of variables they could afford in
the model, and the magnitude of the standard errors constrained the inference, rendering
their results rather exploratory. The main virtue of the study was, however, to demonstrate
the applicability of the hedonic method even for a small dataset with a limited number of
observations.

Finally, Kim and Kim (2018) conducted a hedonic study on the South Korean mobile market,
in which they examined the tariff packages of three operators between 2010 and 2017. They
collected their data from the new offers that appeared on the service providers' websites
year by year. Then they created the database containing annual data by using the
assumption that a new package lives on the market for 3 years, then disappears. From the
total of 209 different offers, a database of 744 observations was produced as a result. In
addition to the price, the database also contained information on the important
characteristics of the mobile packages.

They used time dummy hedonic regressions to estimate the hedonic price change with log-
linear and log-log specifications. They also applied observation weights which were derived
from combining the market share of the operators and the information on consumer
expenditures from market research. They estimated the models with WLS for each pair of
adjacent years.

They calculated an annual average hedonic price change of -8.1% for the observed period.
Individual changes by operator were different, but around this number. The price index
obtained from the log-log model was compared to the standard price index, and the authors
concluded that the change in consumer welfare was better reflected by a hedonic than by
the standard index.

4. Developments on the Hungarian mobile market between 2015-2021

The voice segment of the three-player Hungarian mobile market had reached maturity by
2015. The penetration rate was around 110% during the entire 2015-2021 period, and most
of the basic characteristics of the market remained unchanged, except for the
postpaid/prepaid ratio. The share of postpaid customers increased continuously from 57.6%
in the last quarter of 2015 and exceeded 70% by the end of the period.



Figure 1. Growth of the mobile and mobile internet user base between 2015 - 2021
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In contrast to mobile voice, there have been significant changes in mobile internet services
during this period. The deployment of 4G networks started in 2011, but 4G coverage (in
terms of households) was only at 40% in 2013, far below the EU average (then 60%). 4G
network development significantly accelerated after the auction of the 800 MHz digital
dividend in 2014, however. Over the next year, two network operators, T-Mobile and Telenor
agreed on an MOCN sharing of their 800 MHz network outside the capital, Budapest, which
significantly hastened the deployment. As a result, almost complete national network
coverage (98,6%) was reached by the end of 2016, far above the EU average.

The figure below shows that an increasing share of internet traffic migrated from legacy
technologies to the new 4G networks, and exceeded 90% of total mobile data traffic by
2018.



Figure 2. Share of the technology generations in the mobile data traffic between 2015 - 2021
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In the meantime, total mobile data traffic grew significantly from less than 10 Petabytes in
the second quarter of 2014 to above 200 Petabytes by the second quarter of 2021. The
monthly data traffic per postpaid SIM card increased from 0.7 GB to 8.1 GB from the end of
2015 to mid-2021.

Figure 3. Growth of the voice and data traffic between 2015 - 2021
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On the demand side, mobile broadband penetration increased dynamically due to the
expansion of the small screen segment, while the number of large screen subscribers
stagnated. Nevertheless, both segments showed significant growth regarding traffic per
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user. Furthermore, international mobile internet usage (i.e. mobile data roaming) increased
significantly after the introduction of the new EU roaming regulation in 2017.

The main structural characteristics of the Hungarian mobile market structure remained
essentially unchanged during the period. The market shares of the three MNOs - all
subsidiaries of large international mobile operator groups — remained stable: T-Mobile was
the market leader with a market share around 45%, followed by Vodafone and Telenor® with
similar shares (around 27% each). MVNOs never achieved significant shares, nor played a
significant role on the Hungarian mobile market, indeed their small market share even
diminished during the period.

In the meantime, it came as a small shock to the incumbents when Digi — an aggressive
player on the fixed telecom and pay TV market — acquired spectrum in 2016 at the auction
for the 1800 and 3500 MHz bands and started to build its own network. The new entrant
failed to accumulate enough spectrum on the subsequent auctions, however.” Although
Digi launched its commercial mobile services in 2021, it now seems clear that its limited
spectrum assets will not enable it to become a fully-fledged challenger to the three
incumbent MNOs on the mobile market (see NMHH 2021).

In 2017 and 2018, a significant government intervention occurred in two steps: the
Hungarian government decreased the VAT on the internet (but not the voice and
messaging) services, with the goal of stimulating an increase in internet penetration and
usage. The 27% VAT rate was reduced to 18% in 2017, and further to 5% in the next year.
This selective consumption tax reduction decreased the price of data only and combined
voice and data packages, and also changed the relative prices of voice/SMS versus data.? It
was an exogenous non-transient intervention, to which both the suppliers and the
customers adapted. Since then, the high VAT difference between voice/SMS and data has
become the new normal.

5.Data

For this study, we prepared a dataset on the postpaid residential tariff plans of the three
Hungarian MNOs (T-Mobile, Vodafone, Telenor) for the 2015-2021 period. We collected the
data from the operators’ publicly available general terms and conditions documents. The
database contains information on the price and various service features of both the basic
and the optional, supplementary packages which were available to new subscribers in the
last quarter of each year.

We included all the basic packages and discounts which were available to anyone without
further restrictions. Therefore, the database does not include special tariff plans (e.g. for
seniors, juniors, disabled people, etc.) or discounts offered for special customer segments

¢ Telenor sold its Hungarian subsidiary to Cetin, but the company used the Telenor brand until 2022.

’ Digi was banned from participating in these auctions by the regulator, on the basis of regulatory compliance
issues.

& There is even a further twist regarding the relative prices, since another price distortion between voice/SMS
exists in Hungary. Since 2012 there is a special unit tax (telecom tax), levied on voice and SMS usage, which
according to the government prescriptions cannot be passed directly on to the consumers by the operators.
Of course, indirectly this still pushes prices up.
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(e.g. multiplay package discounts for fixed customers). Since there was no consistent
information available on handsets and related discounts, these options were also left out of
the database.

The majority of the plans are small screen packages with both data and voice/SMS usage.
Large screen (data only) packages are also included in the database, which contains 211
basic packages altogether.

We recorded all main features of the packages which could have an impact on the price. The
recorded features are the following:

e Dbasicidentifiers: year, operator, type of service (small/large screen), name of the tariff
plan;

e factors which have a direct impact on the subscription fee: length of the contract
(loyalty period), “e-discount” (provided if the costumer uses electronic invoices and
payment);

e monthly subscription fee with VAT (with the applicable discounts), gross price of the
data (internet) part of the package (which was available from 2017, when different
VAT was applied to the voice/SMS and the so-called internet services);

e voice and SMS usage features: monthly voice minute or SMS allowance in different
directions (on-net, off-net), unlimited usage, price per minute and per SMS;

e data usage features: monthly data allowance, unlimited usage, EU roaming data
allowance, maximum up- and download speed;

e unlimited thematic data usage features: several packages include so-called
unlimited thematic data usage. This is also known as a zero-rating service in the
industry, when the traffic related to certain contents or applications does not count
towards the general data allowance. We identified six unlimited thematic data usage
types: social media, chat, navigation, browsing, music, and video.

In addition to basic tariff plans, our database also contains information on the packages or
options which were available to the subscribers as supplements to certain or all basic
packages. We recorded four types of supplementary packages: extra data, extra voice or
SMS usage above that included in the basic package, and supplementary unlimited
thematic data usage.

Our final database contains all possible combinations of basic packages and the available
supplementary packages. Every combination can be deemed a separate independent
package, and these represent our observations. Altogether we have 18 182 observations,
the yearly distribution of which is shown in Table 1 below.
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Table 1. The distribution of the observations

‘ 2015 2016 2017 2018 2019 2020 2021 ‘

Large screen 94 172 111 75 123 121 100
Small screen 5026 5029 2481 1794 1082 924 1050
Total 5120 5201 2592 1869 1205 1045 1150
of which basic 39 38 29 24 25 26 30
packages

6. Modelling considerations
6.1 Variables used in the model

Our dependent variable is the monthly subscription fee for retail postpaid packages. We
determined this price from the basic plans and the additional options which were on offer
in the final quarter of each year. The calculated gross price of the package is the sum of the
subscription fee and the prices of the added options. Meanwhile, the explanatory variables
are, following the hedonic approach, the essential components of the technical, commercial
and usage characteristics of the service.

Selecting the appropriate and relevant product/service characteristics for a hedonic model
always requires knowledge of the product. The fact that we had control over the entire
process, from data collection to coding the service characteristics, helped significantly in
selecting the relevant variables.

Some basic service characteristics are related to each other, and we therefore combined
them into new variables. This occurred, for example, with voice and SMS characteristics,
where we created various composite variables to test out in the model.® For variables with
few values, we created category variables beside the continuous versions to test the
robustness of the estimates to alternative functional forms.

For data allowance, we used, beside the level, also the square of the variable to address the
non-linearity we saw in the data. This reduced the problem of heteroscedasticity and
improved the fit without substantial loss of model generality. A separate variable measures
the data allowance for EU roaming. While we expected it to be strongly connected to the
domestic data allowance, it proved to be a relevant differentiator in the operator’s prices.”
In this case, however, there was no need to use its square.

Some characteristics, such as the unlimited data allowance, the EU data roaming allowance
and the unlimited EU data roaming allowance did not exist at the beginning of the period -
for these, we only have observations for later years.

° Qur final variable was the aggregate number of minutes and SMS messages (including both on- and off-net
allowances), but we also tested aggregating only minutes and only SMS messages, as well as aggregating only
on-net and off-net allowances.

19 The EU “Roam like at home” regulation allows mobile providers to draw the included roaming data limits
significantly lower in packages with large and unlimited domestic data allowance.
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6.2 Modelling time frame

For the time dummy hedonic regression method, it is well established in the literature that
it is best to perform the estimation for adjacent time periods as opposed to estimating on
the pooled database, because there is a high likelihood that the influence of individual
characteristics changes significantly over a longer period (See for example Triplett 2004, 50
or de Haan and Diewert 2013). If the content or the relative importance of the product
characteristics change significantly, the estimated coefficient will be much less reliable. Our
database spans six years, which is a long time in a rapidly changing mobile market. We
therefore calculated our main model estimates on pairs of adjacent years, which was
possible as we had a large enough number of observations for each year. We also estimated
the pooled model as a robustness check, however.

6.3 Functional form

Both the linear (abbreviated as lin-lin) and the log-linear (abbreviated as log-lin)
specifications seemed suitable for the functional specification of the model.

We used Box-Cox to test what transformation of the dependent variable would be optimal
to bring the distribution of the dependent variable closer to the normal distribution and to
make the model errors more homoscedastic. According to the test, for models closer to the
beginning of the period, the value of A was generally close to 0, suggesting the logarithmic
transformation for the dependent variable. However, with later year pairs, the value of A was
closer to 1, indicating rather that no transformation from the level was needed. As the Box-
Cox test did not give a clear indication for all the years, we estimated both types of models.
This is useful not only because we can present the price change results both in levels and
percentages, but also as a robustness check. We present both specifications below. The time
dummy coefficient measures the estimated price change in both models.

For the lin-lin specification, the regression equation is
pi =a+XiPixzi +8° +d +ef, (Ta)
where
pt is the price of package combination i in period t (t=0,... T),
zit'k is the k-th characteristics of package combination jin period t (k=1, ..., K)
a is the constant
B is the coefficient of the k-th characteristic (implicit price)
dt is the time dummy for year t
&t is the coefficient of the time dummy for year t
e} is the random error of package combination i in period t.

Equation (1b) below shows the log-lin specification, which differs from (1a) only in that the
dependent variable is the logarithm of the price. However, this implies that the effects of the
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independent variables are linear and additive in log and the estimates must be interpreted
accordingly.

In(p}) = a+ Yy P x 2z +06° xd" +¢f (1b)
6.3 Weights

An important question in hedonic modelling is whether to use weights in the estimation.
For example, if we knew the number of users for each package combination available on the
market, we could obviously get more reliable estimates. In that case, using frequency
weights (WLS) the time dummy would be a weighted index. While we do not have data on
the consumption of the combinations, however, it is very improbable that they are
uniformly distributed: consumers most certainly buy some package combinations in larger
numbers than others. The market shares of the operators are also different and additionally,
there is high variability in the number of combined packages by operator per year. So,
despite the lack of “perfect” consumption data, it seems very reasonable to make some
assumptions and apply some restrictions in the form of weights assigned to the package
combinations.

We use the following combination of weights in our analysis:

e Market shares of the operators. We have aggregate information on operator market
shares, which we use to balance out the relative weights of the operators’ plans.
Using market share weights, we can avoid certain operators’ packages influencing
results more simply because their packages are designed in a way where more
possible combinations are possible, or because they have more basic plans.

e Proportion of large screen and small screen customers. There are estimates available
on the average proportion of these two types of customers on the market as a
whole."

e Consumption of package options. We assume that only a small proportion (10%) of
users subscribe to additional options on top of their basic plan. While the 10% itself
is a pure assumption, it seems reasonable. It's important to remember that the
number of combinations we created by meaningfully combining basic plans with the
supplementary options is much higher than the number of basic plans, but basic
plans form the backbone of consumers’ choice. We therefore assigned the same
relative weight to each group of offers containing the same basic plan in each year,
no matter how many combinations could be derived by attaching options to them,
and then applied the 10% assumption. Information on ARPU seems to support this
conjecture.

" We calculated the weights by using the data published by the NMHH in its regular mobile market reports,
and used 2020 numbers as a substitute for the missing numbers of 2021. See the report at
https://nmhh.hu/dokumentum/220055/NMHH_mobilpiaci_jelentes 2017Q1 20200Q4.pdf, and its data annex:
https://nmhh.hu/cikk/220115/A_mobilpiaci_jelentes adattablai__2020 Il felev.
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We applied all three weightings combined in the baseline model, but for robustness also
checked results without applying the large screen/small screen weighting and the 90%:10%
package option weighting.

6.4 Heteroscedasticity

One key assumption in OLS is that the conditional variance of the error terms is constant, i.e.
homoscedastic. With heteroscedasticity the coefficient estimates are unbiased but the t and
F tests are not valid and the inference based on them will not be reliable. For handling
heteroscedasticity, it helps to have a good hypothesis for the distribution of the error
variance. If we know that there are connections within groups of observations, for example,
we can use the estimation of the cluster-robust covariance matrix. Since we knew the tariff
plans of the operator in each year are connected, we used standard errors clustered by
operator and year. As a consequence, the standard errors are expected to be larger, but the
inference is more reliable.

6.5 Multicollinearity

With hedonic regression models, we can easily encounter multicollinearity due to the strong
correlation within certain groups of variables, causing the standard errors to be significantly
larger, but not causing bias in the estimated coefficients. Fortunately, this problem does not
cause bias in the estimated coefficients of other variables, although it could inflate their
standard errors. Since the variables representing the relevant service characteristics in the
model may be highly correlated, it is not surprising that multicollinearity occurs when they
appear in the model together. Multicollinearity can be measured by the Variance Inflation
Factor (VIF). The VIF value of a regression variable is the ratio of the overall model variance
to the variance of a model that includes only that independent variable. '2

Multicollinearity could be handled by eliminating one of the correlating variables, but is not
suggested to leave some relevant characteristic out of the model. Another,
methodologically better option is to aggregate or combine the related variables into a
composite variable.

In the model specification phase, we tested for variable multicollinearity. The VIF values
indicated that there should not be separate variables for the distinct voice and SMS features.
On-net and off-net voice and SMS allowances included in the plan were highly correlated.
To avoid any loss of information, we opted to use composite variables for voice and SMS-
related characteristics.

2 The minimum VIF value is 1. There is no strict threshold value for multicollinearity, but according to the
convention, VIF below 4 is fine, but a value higher than 10 signals serious multicollinearity.
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7.Results

Based on the considerations outlined in the previous chapters, and after extensive tests, we
settled on the baseline models which we believe are best suited to answer our original
questions. We present and interpret both a linear and a loglinear model below, then attempt
to separate and quantify the effect of the outside shock, the governments’ decision to
decrease the tax on internet services.

7.1 The linear model

We begin with the linear model, which the Box-Cox showed to be preferred for later year-
pairs. The linear model shows results in Hungarian forints (HUF) — while these can be
transformed into EUR, it is important to note that the exchange rate changed significantly
over the period.”* From the point of view of local consumers, the HUF results are more
informative. We will, however, later calculate a percentage change using sample averages.

Table 2 shows the results of our baseline linear model, which uses cluster-robust standard
errors, clustered by operators. The columns are labelled according to the pairs of years they
refer to; thus, the column labelled 2020-21, for example, shows results based on comparing
the data for 2020 and 2021.

13 The yearly average HUF/EUR exchange rate was 309.9 in 2015, and 351.2 in 2021, according to the Central
Bank of Hungary.
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Table 2. The linear model

15-16 16-17 17-18 18-19 19-20 20-21
constant 2190.4 *** 3987.0 ***  2837.3 *** 2604.6 ***  3004.9 *** 2348.2 ¢
(489.6) (275.0) (240.4) (428.1) (717.2) (1057.3)
loyalty -101.5 *** -86.1 *** -324* -99.0 *** -115.5 *** -77.3 %%
(20.9) (21.2) (13.1) (9.2) (11.1) (20.0)
e-discount -205.3 -401.5* -623.6 *** -490.3 *** -400.5 ** -414.8 ***
(333.9) (180.1) (101.0) (141.1) (140.0) (118.4)
total minute & SMS 24.3 *** 13.9 *** 10.1 *** 15.2 *** 18.2 ** 13.1*
(1.4) (2.2) (0.8) 3.2) (5.9) (6.0)
unlimited minute & SMS, on-net 2582.1* 2667.5 *** 1954.8 *** 1695.8 ***  1523.3 ***  1922.8 ***
(1212.1) (349.2) (123.7) (84.9) (382.4) (253.0)
unlimited minute & SMS 14373.7 ***  10973.8 ***  7204.1 *** 6892.8 ***  7187.7 ***  6605.1 ***
(1936.5) (1295.6) (272.4) (701.9) (839.1) (740.5)
data allowance (GB) 517.1 *** 462.8 ** 248.1 *** 1209 * 72.7 *** 69.8
(141.5) (179.4) (42.8) (54.4) (22.0) (40.0)
data allowance, squared -4.4 ** -3.9* -1.9 -0.6 -0.3* -0.3
(1.4) (1.8) (0.5) (0.4) 0.1) (0.3)
unlimited data HU 9064.5 ***  6959.3 *** 6509.4 ***  6839.2 ***  6241.6 ***
(1448.9) (473.6) (674.9) (499.0) (961.1)
unlimited data HU & EU 8331.5**  10287.0 ***  7654.9 ***  6960.1 ***
(173.6) (104.9) (78.4) (263.9)
EU data allowance (GB) -96.8 65.2 229.6 *** 226.1 *** 112.3 ** 118.2
(211.6) (111.4) (43.3) (23.0) (37.9) (63.1)
large screen -1856.9 -2247.2 -1442.5* -1247.7 99.4 1149.2
(1649.2) (1910.5) (729.8) (886.2) (677.5) (654.6)
video zero rating -1026.4 -268.5 1658.0 3294.1*  3913.7 ***  7495.0 ***
(2045.3) (1834.4) (2563.8) (1149.2) (1026.4) (723.4)
number of other zero-rated services 1964.9 * 921.3 742.2 *** 676.4 *** 288.5* 338.1*
(827.5) (608.1) (164.0) (198.0) (129.8) (144.5)
2016 109.7
(293.3)
2017 -2346.7 ***
(463.2)
2018 -916.2 **
(309.9)
2019 -745.2 **
(262.4)
2020 -733.8*
(353.1)
2021 415.4
(266.0)
N 10321 7793 4461 3074 2250 2195
R2 0.80 0.74 0.78 0.91 0.89 0.90
Adj R2 0.80 0.74 0.78 0.91 0.89 0.90
AlC 216877 164154 89827 60317 44926 42945
F statistic 3493 1735 1144 2100 1297 1391

***p <0.001; ** p <0.01; *p<0.05.

The parameter estimates for each variable show the implicit price, in Hungarian forints, of
the given package attribute. For binary variables, the estimate shows how much more a
package containing such an attribute costs (keeping all other relevant characteristics fixed)
than a package without it. In the 2020-21 model, for example, the estimate on unlimited data
allowance shows that packages with unlimited domestic data cost HUF 6242 more on
average than packages without it.

For continuous variables, the estimate shows the effect of a unit increase on price (again,
keeping all other relevant characteristics fixed). For example, in the 2020-21 model, the price
increases by HUF 13 on average if the package includes an extra minute or SMS message.

Our main question, the hedonic price change is indicated in bold in the table. For each pair
of years, the year dummy shows the change in average prices from the previous year,
partialling out all the relevant service characteristics; that is, the quality-adjusted change in
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price. The first year in each pair of years forms the base to which the second year is
compared. Thus, for example, in the 2020-21 model we can see that the quality-adjusted
price change is HUF 415, while in the 2019-20 model it is negative HUF 734. We will later
cumulate these year-on-year changes to show the quality-adjusted price change for the
entire 2015-2021 period.

For now, let’s look at the models overall, and at the parameter estimates on some package
characteristics specifically. First, it's apparent that most, but not all parameter estimates are
significant at the 5% level. The models’ fit is satisfactory, with R? values between 0.74 and
0.91. Estimates on characteristics are typically have the expected sign and plausible values.

For data allowance, the price of an extra 1GB of data has decreased significantly from 2015
to 2021. The negative sign of the squared term shows that this price is smaller for larger
amounts of data. Unlimited domestic data first appears in 2017, first at a high price of HUF
9065, then stabilising around HUF 6500-7000. Unlimited domestic and EU data allowances
are even higher priced.

In contrast to the data allowance variables, there is less movement in the area of minutes
and SMS messaging. Minutes and SMS messages included are priced between HUF 10 and
24, with no clear trend over time. The implicit price of unlimited minutes and SMS messages
is, however, always positive and decreasing, and much larger for off-net and on-net, rather
than solely on-net cases.

Unlimited thematic content data allowance (i.e. zero rating) is highly priced when it refers
to data-intensive videos, although this feature is not significant for most of the period -
partly because the packages containing such a characteristic have low weight. Other
thematic content has become gradually cheaper with time.

The large screen variable is typically not significant, its effect being presumably picked up
by other variables. Loyalty discounts have a clear price-decreasing effect, calculated here by
month, which fluctuates somewhat year to year, as does the e-discount.

Overall, with its good fit and with variable signs and values being consistent with economic
expectations, we believe the model captures the relationship between price and the
relevant service characteristics well. The main variable, the hedonic price change is negative
between 2017 and 2020, and statistically significant over the same period. Before moving
on to mapping and interpreting the hedonic price changes and calculating the cumulative
change, we also present the log-linear model.

7.2 The log-linear model

The log-linear models’ fit is slightly weaker than that of the linear model, but is easier to
interpret in an international context. It also resulted in similar signs and significance levels
for the characteristics and the hedonic time variables. Table 3 shows the results.
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Table 3. The log-linear model

constant

loyalty

e-discount

total minute & SMS
unlimited minute & SMS, on-net
unlimited minute & SMS
data allowance (GB)
data allowance, squared
unlimited data HU
unlimited data HU & EU
EU data allowance (GB)
large screen

video zero rating
number of other zero-rated services
2016

2017

2018

2019

2020

2021

N

R2

Adj R2

AIC
F-statistic

15-16 16-17 17-18 18-19 19-20 20-21
7.758 *** 8.117 **  8.089**  8.146**  8.183**  8.116 **
(0.176) (0.071) (0.104) (0.016) (0.077) (0.167)
-0.010 **=* -0.008 * 0.004  -0.011**  -0.011 *** -0.005
(0.002) (0.003) (0.003) (0.001) (0.002) (0.005)
0.058*  -0.073**  -0.090 ***  -0.070**  -0.060 ***  -0.059 ***
(0.027) (0.019) (0.026) (0.019) (0.014) (0.018)
0.005 *** 0.003**  0.002**  0.002 ** 0.002 ** 0.001 *
(0.001) (0.000) (0.000) (0.000) (0.001) (0.001)
0.367 *** 0.483**  0.378**  0.353**  0.345**  0.372**
(0.099) (0.028) (0.045) (0.040) (0.042) (0.069)
1.885 *** 1422 1030 **  0.902**  0.912**  0.829 ***
(0.200) (0.118) (0.060) (0.058) (0.056) (0.029)
0.052 *** 0.045*  0.032 *** 0.019 * 0.012* 0.008
(0.013) (0.015) (0.004) (0.009) (0.005) (0.008)
-0.000 *** -0.000*  -0.000 *** -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
1.072**  0.825**  0.542**  0.636 *** 0.614 **
(0.059) (0.021) (0.135) (0.096) (0.200)
0.765**  0.975**  0.723**  0.715**
(0.055) (0.025) (0.020) (0.103)
-0.018 0.009*  0.028**  0.031**  0.016** 0.020
(0.019) (0.004) (0.000) (0.007) (0.005) (0.010)
0.295 0.073 -0.063 -0.195 -0.049 0.171
(0.176) (0.205) (0.132) (0.161) (0.168) (0.091)
-0.118 -0.078 0.135 0.334*  0.432**  0.762**
(0.183) (0.181) (0.228) (0.103) (0.095) (0.053)
0.239 ** 0.146 0.110**  0.078 ** 0.015 0.038
(0.091) (0.075) (0.041) (0.023) (0.012) (0.037)
0.029
(0.029)
-0.224 **
(0.069)
-0.086
(0.052)
-0.129 *
(0.058)
-0.056
(0.051)

0.050
(0.042)
10321 7793 4461 3074 2250 2195
0.87 0.81 0.81 0.89 0.85 0.82
0.87 0.81 0.81 0.89 0.85 0.82
24011 20310 9250 5307 4906 4678
5900 2579 1396 1702 910 730

***p <0.001; ** p <0.01; *p<0.05.

Estimates in the loglinear model can be approximately interpreted as percentages for small
changes. For example, for the total number of minutes and SMS, a result of 0.005 in the 2015-
16 model indicates an approximately 0.5% increase in price if the number increases by one
unit. For larger changes, however, this approximation is imperfect, giving the lower estimate
of the effect. Exact results of a unit change can be calculated by using the parameter value
as an exponent of e. For the correct dummy interpretation when the dependent variable is
in log form, a correction is needed. * For example, including unlimited domestic data in the
2020-21 model increases price by €°%* -1 = 0.885, that is, 88.5%."> This also implies that the
hedonic price changes can also be interpreted as percentages (following the correct
transformation), and the year-on-year results form a chain index.

*In fact, for dummy variables we also apply the Kennedy correction (see Kennedy 1981), using x+Var(x)/2

instead of x in the exponent.
150.614 + 0.2%/2 =0.634
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The estimates on the characteristics are similar to the linear case in sign and interpretation,
so we do not discuss them in detail here. It is worth mentioning that the prices of included
minutes and text messages, as well as data, all decreased overall over the period.

Overall, the log-linear specification also provides good fit and variable signs and values
consistent with economic expectations, capturing the relationship between price and the
relevant service characteristics well.

7.3 The cumulative change in price for the entire 2015-2021 period

The hedonic time dummies in the models above provide the year-on-year quality-adjusted
prices of mobile packages. The following Figures 4 and 5 show the results on the cumulative
changes in these prices for the whole period. The graphs also show 95% bootstrap
confidence intervals for the changes.

Figure 4. Cumulative hedonic price changes (HUF)
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Figure 5. Cumulative hedonic price change (%)
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For the whole market, we see that the price, both in terms of Hungarian forints and
percentages, decreased markedly after a small increase in 2016. In the final year, however,
quality-adjusted prices once again increased slightly. The figures always show the changes
compared to the base year, 2015.

Overall, by 2021, the total decrease in quality-adjusted price was HUF 4217. This translates
to 33.3% based on the log-linear model. This indicates an average yearly decrease of 6.5%
over the 2015-2021 period.

It's important to note that the decrease in price may be somewhat overstated in terms of
residential mobile postpaid subscriptions overall, since our database contains a smaller
sample, that of packages sold in each given year. However, many consumers use older
packages which are no longer available to new customers, and these may be more
expensive.

While we do not see such dramatic price decreases in the actual prices, it is apparent how
much higher the quality of similarly prices packages has become over the years, especially
regarding data allowances. The hedonic method allows us to see this trade-off in price and
quality, essentially showing the decrease in the price of a “unit value” of the service.

7.4 The effect of the changes in value-added tax

In addition to the evident technological and competition-induced changes in quality and
price, a policy change also occurred during the observed time interval. As discussed above,
the Hungarian government decreased the VAT on the internet (but not the voice and
messaging) services, with the goal of stimulating an increase in internet penetration and
usage. Therefore, besides estimating the overall quality-adjusted price change it is worth
separating the change that stems from the tax change from the effects of the quality change
and competition-induced price changes.
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Specifically, the 27% VAT rate was first reduced to 18% in 2017 and further to 5% in 2018 for
internet services, while the VAT on voice and text messaging (SMS) services remained at its
previous 27% level.

To separate the effects of this change exactly from the effects of competition and changes
in quality we would need a good counterfactual: we need to see how prices would have
changed in the absence of the policy change. Possibilities would include comparing to
similar domestic or international services that were unaffected by the policy change.
Unfortunately, no comparable domestic services or data exist, while we have no
international data; international comparison, in any case, carries its own additional
challenges, as the demand/consumption patterns, the competitive and technological
environment would also differ. As a second-best option, we create a counterfactual
ourselves: we calculate what package prices would have been in 2017-2021 if the 27% VAT
still applied to all elements. This counterfactual is imperfect in that it assumes that operators
would have priced in the same manner in the absence of the policy change; economic
reasoning implies that this is not the case: the VAT decrease was most likely internalised in
the pricing process, in order to achieve optimal results. However, this adjustment will
probably only have happened in the medium run: when the change occurred, it was
designed to be passed on, and government agencies paid special attention to any
recalibration of net prices. Overall, this method gives us an upper bound for the “VAT effect”
and a lower bound for the change in quality-adjusted prices excluding the VAT effect.

The following graphs show the cumulative changes in HUF as well as in percentage form,
based on our two models. The difference between the two is the quality-adjusted price
effect once the VAT effect has been excluded.

Figure 6. Cumulative change: the total and the VAT effect (HUF)
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The graphs show clearly that even this upper bound of the VAT change effect is quite low in
comparison to the total effect we measured previously. That is, the hedonic price change is
not primarily driven by the policy changes implemented in 2017 and 2018. At the same time,
it is also clear that the policy change did have some effect: somewhere around 5% of price
decreases can be attributed to it.

7.5 Robustness

We have made a number of decisions and a few assumptions while conducting this analysis,
to make the models as realistic as possible. It is important to check whether our results are
sensitive to these assumptions, whether the hedonic price changes we identified are robust
to alternative model specifications and weighting.

Regarding weighting, we test how the results adjust when

e we do not correct for the ratio of large screen users to small screen users, or
e we do not assume that only 10% of consumers use combined packages.

While it may seem like we are relaxing an assumption in the second case, it is in fact
equivalent to assuming that all package combinations are equally popular (within each
operator’s portfolio), arguably a much less realistic — and therefore stronger — assumption.
We do weight the packages in each case according to operator market shares, and in the
second case also apply the large screen / small screen ratio.

Regarding the sample, we also look at two possible alternatives:

e We estimate a version of the model that makes use of the basic packages only; this is
another way of bypassing the issue of weighting combined packages, albeit at the
cost of losing a significant part of the sample.
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e We estimate a version of the model that only contains small screen packages; this is
also a way of handling the screen size weighting issue, at a cost.'

And finally, we also use a different modelling approach for our final robustness check:

e We estimate only one, pooled model for the entire 2015-2021 period, containing the
hedonic time dummies for each year.

Table 4 shows the cumulative results for each of these five cases, that is, the hedonic price
difference for 2015-2021. All five models were estimated both using a linear and a log-linear
approach. The table shows the total change, including the VAT change effects.

Table 4. Results from alternative model specifications

Specification (1) (2) (3) (4) (5) (6)
Basemodel Without large Equal weights Only basic Only small Pooled

screen weight for all plans screen plans  model
correction combinations

Lin-lin

change HUF -4217 -4097 -5170 -5974 -3998 - 3891

change %* -38.6% -38.0% -34.8% -43.7% -35.8% -34.4%

Log-lin

change % -33.5% -32.2% -33.7% -45.1% -29.4% -30.7%

*The elements of the chain index were calculated at the average quality/quantity level of the characteristics

The cumulative hedonic price differential is between HUF -3891 and -5974 in the linear
model, which, evaluated at the average levels of the variables, amounts to around -34.4 to -
43.7%. The results vary between -29.4 and -45.1% in the log-linear model, which are
generally close to the linear model’s percentage changes. The pooled model (6) and the
small screen sample typically give the lowest estimate for the price decrease. The largest
changes can be seen in the model with only basic packages (4), due mainly to a large
decrease in 2017.

Overall, we see that all the alternative models show very similar results to the baseline
model. Both the HUF and the percentage point quality-adjusted changes in price are large
and economically significant at over HUF 3891 and 29.4%, and show that our results are
robust.

8. Conclusion

Mobile communication is a complex service sold in package offers, with many different
characteristics changing fast as the technology, consumer tastes and market competition
develop. To compare prices correctly over time we need to consider and adjust for the
changing quality and quantity characteristics. This study estimated the quality-adjusted
price change of mobile services in Hungary between 2015 and 2021.

1 We do not do the same for large screen packages, as there are too few of them.
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The characteristics of the available packages changed significantly over this period, mostly
with regard to the data part of the service. After the deployment of the LTE networks 4G
became a ubiquitous service, providing faster download and upload speed, and lower
latency. As a result of commercial developments, the price of a GB of data decreased,
unlimited data offers arrived on the marketin 2017 and have become much cheaper, as have
data allowances for special thematic content (zero rating services). However, regulatory
changes also took place during this period in Hungary, affecting the price and quality of the
services. A two-step VAT reduction on data consumption (a decrease in the VAT on internet
services) was introduced by the government in order to stimulate the growth of mobile
broadband penetration and the use of digital services. We investigated the possible effects
of this policy change in this paper. Further policy interventions came from European
regulation: the “Roam like at home” and the network neutrality regulations. These also had
an effect on the shaping and pricing of the mobile packages.

In this study we estimated the total quality-adjusted price change over the period using
hedonic regression models. The total average change from 2015 to 2021 was -38.5%
according to the linear model and -33.5% according to the log-linear one. Robustness checks
with other model specifications and estimations on meaningful subsets of the data support
the relevance of these results. This significant price decrease is the mixed effect of different
forces which cannot be easily separated. We estimated the effect of the Hungary-specific
government intervention, the internet VAT reduction. This showed that this policy resulted
in a decrease in prices of around 5% on average in each affected year. This implies that most
of the measured price change is the result of the quality and quantity changes in this period.
This result is particularly striking if we consider that the cumulative inflation rate was 18,6%
in the same period.
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Appendices

A1. Basic statistics

Table A1. Numeric variables

Variable Standard Minimum Median Maximum
deviation
price (HUF) 12315 5437 1490 11490 43870

loyalty (month) 8.1 9.6 0 1 24

data allowance (GB) 111 24.1 0 35 250
EU data allowance (GB) 4.0 6.6 0 0.6 40

number of thematic

options (zero rating) 0.9 0.7 0 1 4

total minute & SMS 112 82.4 0 110 500

Table A2. Dummy variables

Variable Mean Standard
deviation
e-discount 0.46 0.50
unlimited data HU 0.008 0.087
unlimited data HU & EU 0.001 0.026
video thematic option (zero
rating) 0.235 0.424
basic package offer 0.056 0.229

Table A3. Category variables

Variable Category n Frequency
unlimited minutes & SMS no 7551 0.415
on-net only 6660 0.366
all networks 3971 0.218
MNO Telekom 5232 0.288
Telenor 9415 0.518
Vodafone 3533 0.194
Digi 2 0.0001
type small screen 17386 0.956
large screen 796 0.044




A2. Further regression results

Table A4. Without large screen weight correction, linear

15-16 16-17 17-18 18-19 19-20 20-21
constant 2342.4 *** 4020.6 ***  2829.1 *** 2638.0 ***  2970.3 *** 2263.2 *
(447.6) (324.6) (251.2) (415.1) (734.1) (1098.1)
loyalty -98.6 *** -86.0 *** -38.5 *** -89.6 *** -100.6 *** -70.4 ***
(21.2) (19.2) (7.5) (8.1) (7.6) (19.9)
e-discount -218.5 -400.5 ** -609.3 *** -485.8 *** -417.3 ** -448.9 ***
(265.5) (153.1) (94.8) (143.0) (132.8) (107.1)
total minute & SMS 22.5 *** 13.5 *** 10.2 *** 14.6 *** 17.4 ** 13.5*
(2.6) 2.1) (0.8) (3.0) (6.0) (6.4)
unlimited minute & SMS, on-net 2659.4 * 2707.7 *** 1953.8 *** 1777.8 *** 1668.2 ***  1926.8 ***
(1099.4) (247.5) (110.4) (57.1) (287.4) (255.4)
unlimited minute & SMS 14076.8 ***  10814.2**  7219.1 *** 6880.8 ***  7249.3 ***  6678.1 ***
(1435.9) (934.8) (296.2) (674.5) (811.5) (734.3)
data allowance (GB) 681.5* 578.3 284.8 *** 133.8* 77.1 % 65.5
(293.6) (303.5) (35.3) (56.3) (19.5) (34.0)
data allowance, squared -7.3* -5.6 -2.2 %% -0.7 -0.3** -0.3
(3.3) 3.2) (0.4) (0.4) (0.1) (0.2)
unlimited data HU 9564.6 ***  7293.1 *** 6557.3 ***  6698.8 ***  6150.5 ***
(1899.2) (570.2) (527.6) (406.5) (917.9)
unlimited data HU & EU 8338.4 ***  10036.7 ***  7449.1 ***  6928.1 ***
(180.2) (96.2) (345.5) (296.6)
EU data allowance (GB) -174.6 -10.9 200.8 *** 214.0 *** 112.6 ** 1271
(276.6) 177.2) (53.4) (19.7) (36.0) (67.1)
large screen -1287.5 -2094.5 -1602.7 * -890.8 512.2 1397.1*
(2875.5) (2564.4) (646.0) (1039.7) (597.1) (659.1)
video zero rating -903.0 -197.6 1554.1 3527.4* 41404 **  7581.9 ***
(2199.6) (1761.0) (2485.5) (1125.3) (1080.9) (661.1)
number of other zero-rated services 1884.6 * 737.2 724.2 *** 543.9 ** 181.3 353.6 **
(910.8) (473.5) (154.1) (204.6) (133.0) (126.1)
2016 -27.1
(493.6)
2017 -2326.9 ***
(330.2)
2018 -885.2 *
(355.5)
2019 -636.0 ***
(185.6)
2020 -594.0 *
(294.8)
2021 371.9
(303.4)
N 10321 7793 4461 3074 2250 2195
R2 0.81 0.75 0.79 0.90 0.89 0.90
Adj R2 0.81 0.75 0.79 0.90 0.89 0.90
AlC 216034 163787 89759 60419 44949 42968
F statistic 3641 1800 1178 1986 1277 1411

***p<0.001; **p<0.01; *p<0.05.
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Table A5. Without large screen weight correction, log-linear

15-16 16-17 17-18 18-19 19-20 20-21
constant 7.767 *** 8.119 *** 8.086 *** 8.154 *** 8.185 *** 8.101 ***
(0.166) (0.082) (0.105) (0.006) (0.082) (0.177)
loyalty -0.010 *** -0.008 * -0.005 * -0.010 *** -0.009 *** -0.004
(0.001) (0.003) (0.002) (0.001) (0.002) (0.005)
e-discount -0.060 ** -0.072 *** -0.087 *** -0.070 ** -0.063 *** -0.062 ***
(0.020) (0.017) (0.024) (0.022) (0.018) (0.019)
total minute & SMS 0.005 *** 0.003 *** 0.002 *** 0.002 *** 0.002 ** 0.001 *
(0.001) (0.000) (0.000) (0.000) (0.001) (0.001)
unlimited minute & SMS, on-net 0.377 *** 0.490 *** 0.378 *** 0.366 *** 0.363 *** 0.371 ***
(0.095) (0.024) (0.044) (0.036) (0.029) (0.072)
unlimited minute & SMS 1.865 *** 1.417 *** 1.033 *** 0.900 *** 0.914 *** 0.833 ***
(0.202) (0.103) (0.063) (0.055) (0.056) (0.033)
data allowance (GB) 0.062 *** 0.052 * 0.036 *** 0.021 * 0.013 ** 0.008
(0.015) (0.021) (0.002) (0.009) (0.005) (0.007)
data allowance, squared -0.001 ** -0.000 * -0.000 *** -0.000 -0.000 * -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
unlimited data HU 1.105 *** 0.857 *** 0.548 *** 0.625 *** 0.621 **
(0.084) (0.031) (0.106) (0.064) (0.192)
unlimited data HU & EU 0.765 *** 0.944 *** 0.697 *** 0.720 ***
(0.057) (0.013) (0.028) (0.109)
EU data allowance (GB) -0.022 0.004 0.025 *** 0.030 *** 0.016 ** 0.020
(0.018) (0.007) (0.001) (0.006) (0.005) (0.011)
large screen 0.467 ** 0.189 -0.075 -0.169 -0.013 0.176
(0.144) (0.216) (0.129) (0.179) (0.133) (0.098)
video zero rating -0.115 -0.080 0.124 0.360 *** 0.458 *** 0.769 ***
(0.190) (0.176) (0.220) (0.096) (0.094) (0.049)
number of other zero-rated services 0.235* 0.139 0.110 ** 0.054 * -0.004 0.040
(0.101) (0.072) (0.042) (0.027) (0.012) (0.036)
2016 0.022
(0.041)
2017 -0.230 **
(0.089)
2018 -0.079
(0.058)
2019 -0.116 *
(0.048)
2020 -0.038
(0.042)
2021 0.044
(0.047)
N 10321 7793 4461 3074 2250 2195
R2 0.87 0.81 0.82 0.87 0.84 0.82
Adj R2 0.87 0.81 0.82 0.87 0.84 0.82
AlC 23413 20025 9148 5686 5114 4787
F-statistic 5882 2612 1453 1521 852 711

***p<0.001; **p<0.01; *p<0.05.
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Table A6. Equal weights for all combinations, linear

15-16 16-17 17-18 18-19 19-20 20-21
constant 5466.3 *** 7146.5***  4708.4 *** 4473.2***  4101.5*** 3045.2
(1419.8) (927.0) (529.0) (528.2) (948.0) (1570.1)
loyalty -110.8 *** -76.2 *** -13.4 -74.0 *** -105.2 *** -85.0 ***
(13.3) (2.7) (38.3) (3.1) (7.4) (24.1)
e-discount -4.9 -432.0 -767.1 *** -561.2 *** -359.7 * -311.8
(326.2) (277.0) (205.1) (124.6) (148.1) (175.8)
total minute & SMS 19.2 *** 5.8* 9.8 *** 16.9 *** 19.9 *** 19.3 **
(0.5) (2.3) (2.8) (2.4) (3.8) (5.9)
unlimited minute & SMS, on-net 1517.8 1068.6 1165.0 * 1445.2 *** 1484.9 *** 1928.1 ***
(1377.0) (840.4) (577.7) (57.7) (418.6) (347.5)
unlimited minute & SMS 12686.6 *** 9134.3 ***  6817.3 *** 7089.7 *** 75182 **  7131.7 ***
(2155.6) (1414.2) (983.2) (685.7) (503.5) (556.3)
data allowance (GB) 483.7 *** 386.2 *** 262.2 *** 63.2 61.0* 62.3
(98.8) (66.9) (47.8) (38.8) (27.7) (39.9)
data allowance, squared -4, -3.3 ¥ -2.1 -0.2 -0.2 -0.2
(1.1) (0.7) (0.4) (0.2) 0.1) (0.2)
unlimited data HU 7832.4 ***  6244.9 *** 4320.1 ***  4493.3 *** 4562.7 **
(1441.4) (707.0) (1177.2) (1257.7) (1704.3)
unlimited data HU & EU 6924.6 *** 9063.8 ***  5627.9 ***  5763.4 ***
(470.2) (376.3) (465.2) (1043.2)
EU data allowance (GB) -173.8 -44.8 209.3 ** 290.1 *** 141.5* 149.3
(181.0) (96.0) (78.4) (40.8) (61.5) (84.9)
large screen -3977.2 *** -3812.7 * -2432.9 * -902.7 -78.4 1658.4
(1200.6) (1541.5) (1013.3) (742.4) (1006.6) (882.1)
video zero rating 5911.7 5299.9 * 5777.4 ** 4544.5**  4217.8**  6139.3 ***
(3123.1) (2666.4) (2068.2) (776.8) (718.0) (1539.2)
number of other zero-rated services 858.6 535.8 617.7 *** 245.6 -239.3 121.6
(757.4) (359.8) (38.2) (134.0) (207.6) (311.1)
2016 -895.8 **
(321.0)
2017 -1736.7 ***
(510.5)
2018 -1097.6
(741.1)
2019 -1896.4 **
(666.8)
2020 65.7
(95.4)
2021 390.3
(342.7)
N 10321 7793 4461 3074 2250 2195
R2 0.76 0.71 0.78 0.80 0.79 0.83
Adj R2 0.76 0.71 0.78 0.80 0.79 0.83
AlC 198422 150819 82918 56708 41994 40273
F statistic 2696 1452 1154 870 604 761

***p<0.001; **p<0.01; *p<0.05.
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Table A7. Equal weights for all combinations, log-linear

15-16 16-17 17-18 18-19 19-20 20-21
constant 8.605 *** 8.775 *** 8.564 *** 8.527 *** 8.464 *** 8.250 ***
(0.154) (0.097) (0.063) (0.070) (0.103) (0.251)
loyalty -0.008 *** -0.006 *** -0.001 -0.006 *** -0.010 *** -0.005
(0.001) (0.001) (0.003) (0.001) (0.001) (0.005)
e-discount -0.006 -0.044 -0.074 *** -0.052 *** -0.034 *** -0.028
(0.024) (0.021) (0.018) (0.010) (0.007) (0.026)
total minute & SMS 0.002 *** 0.001 *** 0.001 *** 0.002 *** 0.002 *** 0.003 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.001)
unlimited minute & SMS, on-net 0.172 0.136 0.143 ** 0.175 *** 0.214 *** 0.268 ***
(0.111) (0.086) (0.048) (0.010) (0.022) (0.063)
unlimited minute & SMS 1.072 *** 0.765 *** 0.632 *** 0.721 *** 0.812 *** 0.788 ***
(0.110) (0.101) (0.080) (0.082) (0.053) (0.062)
data allowance (GB) 0.045 *** 0.034 *** 0.025 *** 0.007 0.006 0.006
(0.011) (0.005) (0.004) (0.005) (0.004) (0.005)
data allowance, squared -0.000 ** -0.000 *** -0.000 *** -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
unlimited data HU 0.753 *** 0.610 *** 0.344 *** 0.375 ** 0.472*
(0.132) (0.087) (0.105) (0.133) (0.238)
unlimited data HU & EU 0.663 *** 0.790 *** 0.480 *** 0.611 ***
(0.048) (0.056) (0.049) (0.173)
EU data allowance (GB) -0.019 -0.007 0.019 * 0.030 *** 0.016 * 0.020
(0.016) (0.007) (0.008) (0.002) (0.006) (0.011)
large screen -0.395 ** -0.348 * -0.222 * -0.169 -0.075 0.271*
(0.148) (0.153) (0.092) (0.134) (0.215) (0.136)
video zero rating 0.434 0.439 * 0.508 ** 0.431 *** 0.439 *** 0.624 ***
(0.239) (0.209) (0.177) (0.058) (0.065) (0.151)
number of other zero-rated services 0.106 0.072* 0.068 *** 0.023 -0.050 ** 0.021
(0.061) (0.033) (0.007) (0.018) (0.018) (0.058)
2016 -0.060 *
(0.029)
2017 -0.133 ***
(0.036)
2018 -0.084
(0.052)
2019 -0.192 *
(0.078)
2020 0.010
(0.007)
2021 0.040
(0.053)
N 10321 7793 4461 3074 2250 2195
R2 0.78 0.71 0.77 0.75 0.74 0.73
Adj R2 0.78 0.71 0.77 0.75 0.74 0.73
AlC 3508 4338 266 929 1414 1339
F-statistic 3000 1492 1059 658 456 427

***p<0.001; **p<0.01; *p<0.05.
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Table A8. Only basic plans, linear

constant
loyalty
e-discount

total minute & SMS

unlimited minute & SMS, on-net

unlimited minute & SMS
data allowance (GB)
data allowance, squared
unlimited data HU
unlimited data HU & EU
EU data allowance (GB)
large screen

video zero rating

number of other zero-rated services

2016
2017
2018
2019
2020
2021
N

R2
Adj R2

AlC
F statistic

15-16 16-17 17-18 18-19 19-20 20-21
31384 **  5510.6 **  2994.1**  2538.7*  34855**  2502.6*
(420.8) (494.2) (149.5) (777.4) (684.9)  (1267.5)
1431 4455 447 108.8** 41391 % 1133 %
(24.0) (19.5) (6.5) (15.7) (17.3) (21.0)
10.7 751 -636.6**  -576.9**  -563.0**  -517.8***
(467.4) (435.8) (139.5) (108.3) (103.2) (100.9)
125 11.9 ** 10.0 *** 14.4 ** 17.4 * 13.6 *
(8.9) (3.4) (1.9) (4.5) (6.0) (5.9)
4163.7*  3591.0** 25847 **  1951.3**  1289.6**  1578.8 ***
(1666.9) (654.8) (150.6) (77.8) (245.9) (251.2)
13523.4 **  11120.1**  6812.5**  7087.2**  6956.2**  6215.0 ***
(1475.7) (1756.3) (157.4) (916.8) (790.1) (728.7)
627.9 ** 488.9* 189.8 *** 1325 * 66.6 *** 65.6
(201.4) (216.8) (51.8) (61.2) (14.9) (36.3)
5.4 ** 41 1.4 0.8 -0.3 *** 0.3
(2.0) 2.1) (0.5) (0.5) (0.1) (0.3)
7823.9*  4586.4** 63024 **  6617.3** 61232 ***
(3879.8) (1334.8)  (1033.1) (202.9) (733.3)
9088.0 ***  9371.8***  7805.6 ***  7428.0 ***
(13.8) (290.3) (139.3) (440.1)
-227.1 -59.1 34477 2017 % 1182 % 124.6 **
(265.5) (284.6) (68.8) (48.7) (26.3) (45.0)
-4045.5 -2773.8 -934.2 -1063.2 79.7 1225.1
(2812.1) (2783.4) (866.0) (738.8) (737.1) (845.8)

-3514.6 *** -2572.0  -915.8*** 679.3 14035

(245.3) (1419.9) (213.8) (662.4) (800.9)
2071.2 *** 563.2 455.1 ** 664.8 ** 289.1 404.6
(507.7) (1307.5) (151.7) (221.6) (168.8) (214.4)

492.4
(536.3)
-3669.4 ***
(770.0)
-1335.2 ***
(146.2)
-538.5 **
(196.7)

-1163.5 *

(451.9)
239.8
(271.2)
389 395 286 228 213 233
0.80 0.78 0.95 0.95 0.92 0.90
0.80 0.78 0.95 0.95 0.92 0.89
7563 7633 4856 3882 3746 4125
127 106 369 295 166 150

***p<0.001; *p<0.01;

“p<0.05.
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Table A9. Only basic plans, log-linear

constant
loyalty
e-discount

total minute & SMS

unlimited minute & SMS, on-net

unlimited minute & SMS
data allowance (GB)
data allowance, squared
unlimited data HU
unlimited data HU & EU
EU data allowance (GB)
large screen

video zero rating

number of other zero-rated services

2016
2017
2018
2019
2020
2021
N

R2
Adj R2

AlC
F-statistic

15-16 16-17 17-18 18-19 19-20 20-21
7.845*  8338** 8150 ™  8.099**  8225** 8119 **
(0.049) (0.058) (0.029) (0.051) (0.092) (0.229)
0.011**  -0.011**  -0.005**  -0.010**  -0.012** -0.008
(0.002) (0.003) (0.001) (0.002) (0.004) (0.005)
-0.026 0.032  -0.077**  -0.071**  -0.065**  -0.055*
(0.026) (0.036) (0.020) (0.017) (0.012) (0.020)
0.004 ***  0.002**  0.001*** 0.002 ** 0.002 * 0.001
(0.000) (0.000) (0.000) (0.001) (0.001) (0.001)
0.601*  0.555**  0409**  0.392**  0.322**  0.329**
(0.190) (0.058) (0.056) (0.064) (0.028) (0.073)
1.822** 1267 **  0.852**  0.922**  0.860**  0.747 ***
(0.096) (0.132) (0.041) (0.060) (0.070) (0.067)
0.051 *** 0.045*  0.029 *** 0.023*  0.013 *** 0.010
(0.013) (0.015) (0.005) (0.009) (0.003) (0.007)
-0.000 **  -0.000 **  -0.000 *** -0.000  -0.000 ** -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
0.934**  0.640 *** 0.591*  0.660**  0.688 ***
(0.250) (0.110) (0.221) (0.078) (0.169)
0.923**  0.910**  0.761**  0.816***
(0.015) (0.027) (0.024) (0.134)
-0.021 -0.006  0.029 *** 0.024*  0.013 *** 0.015*
(0.013) (0.014) (0.002) (0.008) (0.002) (0.008)
0.215 -0.071 -0.110 -0.193 -0.065 0.147
(0.173) (0.277) (0.157) (0.153) (0.147) (0.129)

-0.256 *** 0.232* -0.083 * 0.076 0.202 *

(0.063) (0.117) (0.039) (0.041) (0.078)
0.168 *** 0136 0.108**  0.094 *** 0.030 0.068
(0.047) (0.108) (0.021) (0.026) (0.017) (0.047)

0.038
(0.040)
-0.346 ***
(0.047)
-0.119 ***
(0.018)
-0.098 *
(0.045)

-0.099 *

(0.043)
0.020
(0.048)
389 395 286 228 213 233
0.91 0.87 0.92 0.93 0.88 0.83
0.91 0.86 0.91 0.92 0.87 0.82
63 126 -178 173 -40 23
319 191 215 189 103 84

***p<0.001; *p<0.01;

“p<0.05.
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Table A10. Only small screen plans, linear

constant
loyalty
e-discount

total minute & SMS

unlimited minute & SMS, on-net

unlimited minute & SMS
data allowance (GB)
data allowance, squared
unlimited data HU
unlimited data HU & EU
EU data allowance (GB)

video zero rating

number of other zero-rated services

2016
2017
2018
2019
2020
2021
N

R2
Adj R2

AlC
F statistic

15-16 16-17 17-18 18-19 19-20 20-21
30762 **  3681.9**  2820.9**  23935** 25554 %  21712*
(553.8) (669.8) (256.7) (402.4) (387.4) (978.4)
-101.7 = 837 448 1097 % 1229 775
(20.5) (12.1) (4.2) (5.4) (8.6) (21.9)
-190.0 380.9** 5922  510.2**  -426.4*  -370.3**
(248.6) (139.2) (89.5) (149.9) (148.3) (130.5)
16.2 *** 11.7 = 10.2 *** 16.2 *** 20.3 *** 13.8*
3.7) 0.7) (0.8) (2.8) (5.5) (6.0)
2252.5*  2002.6***  1950.5**  1613.3**  1426.0**  1972.4***
(848.5) (299.3) (90.2) (116.4) (455.2) (260.7)
11422.0 **  8893.3**  7214.9**  7030.4**  7217.5**  6734.3 ***
(1443.5) (694.3) (336.4) (667.0) (803.2) (646.5)
1373.0 *** 1376.5* 3725 *** 314.8 ** 298.0 150.1
(340.1) (515.6) (70.5) (91.2) (215.8) (95.7)
-30.4 *** -35.1* 3.0 *** 2.4 23 1.1
(7.6) (17.1) (0.6) (0.8) (1.9) (0.8)
10446.7 **  8157.9**  Q457.1**  0887.4**  7261.3***
(1304.0)  (1234.2) (1035.8)  (2908.1)  (1475.3)
8331.4**  10311.0**  8186.0 ***  6994.4 ***
(146.6) (171.0) (246.6) (259.8)
-201.6 -124.3 122.2 56.1 -33.9 68.7
(202.6) (148.1) (115.4) (56.5) (166.7) (87.2)
-480.5 882.6 1545.8 3150.8*  3817.7*  7461.2**
(1939.5) (1783.7)  (2380.1) (1238.7)  (1183.2) (748.9)
1970.3 ** 3844 655.7 *** 698.7 *** 390.5 298.0
(749.7) (621.6) (137.8) (168.2) (205.0) (180.0)
-657.4
(537.6)
-1425.1
(912.5)
-821.2
(436.7)
-584.6 **
(191.2)
-803.0
(461.9)

293.2
(219.9)
10055 7510 4275 2876 2006 1974
0.84 0.81 0.80 0.92 0.90 0.91
0.84 0.81 0.80 0.92 0.90 0.90
209569 156416 86101 56190 39996 38604
4911 2732 1286 2443 1372 1442

***p<0.001; *p<0.01; *p<0.05.
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Table A11. Only small screen plans, log-linear

constant

loyalty

e-discount

total minute & SMS
unlimited minute & SMS, on-net
unlimited minute & SMS
data allowance (GB)
data allowance, squared
unlimited data HU
unlimited data HU & EU
EU data allowance (GB)
video zero rating
number of other zero-rated services
2016

2017

2018

2019

2020

2021

N

R2

Adj R2

AlC
F-statistic

15-16 16-17 17-18 18-19 19-20 20-21
7.807 *** 8.090 ***  8.080**  8.108**  8.093**  8.104 ***
(0.178) (0.108) (0.104) (0.019) (0.035) (0.154)
-0.010 *** -0.008**  -0.006 ***  -0.012**  -0.012 *** -0.005
(0.002) (0.003) (0.002) (0.000) (0.001) (0.005)
-0.056**  -0.073**  -0.085**  -0.073**  -0.066**  -0.054 **
(0.021) (0.016) (0.022) (0.018) (0.011) (0.017)
0.005 *** 0.003**  0.002**  0.002**  0.002*** 0.001
(0.001) (0.000) (0.000) (0.000) (0.001) (0.001)
0.348 *** 0.428**  0377**  0.339**  0.328**  0.375**
(0.078) (0.046) (0.041) (0.042) (0.053) (0.064)
1.719 == 1290 **  1.035**  0.924** 0916 **  0.837 ***
(0.206) (0.101) (0.069) (0.052) (0.052) (0.017)
0.102 *** 0.115*  0.040 ™  0.048 *** 0.058 * 0.013
(0.021) (0.036) (0.004) (0.008) (0.024) (0.023)
-0.002 *** -0.004*  -0.000 ***  -0.000 *** -0.000 * -0.000
(0.001) (0.002) (0.000) (0.000) (0.000) (0.000)
1.007 **  0.911** 0999 **  1.260 *** 0.672
(0.071) (0.074) (0.024) (0.314) (0.364)
0.764**  0.970**  0.820**  0.717 ***
(0.059) (0.043) (0.047) (0.103)
-0.018 0.009*  0.021 *** 0.004 * -0.014 0.017
(0.013) (0.004) (0.005) (0.002) (0.018) (0.020)
-0.100 -0.013 0.118 0.306 **  0.406 ***  0.760 ***
(0.175) (0.179) (0.213) (0.116) (0.118) (0.055)
0.242 ** 0.059 0.114*  0.083 *** 0.034 0.034
(0.091) (0.100) (0.042) (0.016) (0.024) (0.042)
-0.012
(0.044)
-0.173
(0.147)
-0.066
(0.065)
-0.094 *
(0.038)
-0.064
(0.065)
0.043
(0.037)
10055 7510 4275 2876 2006 1974
0.89 0.85 0.83 0.92 0.88 0.83
0.89 0.85 0.83 0.92 0.88 0.83
22484 18326 8826 4061 3976 4255
7357 3618 1591 2415 1116 726

***p<0.001; *p<0.01; *p<0.05.
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Table A12. Pooled model, linear

M

constant 5162.8 ***
(127.0)

loyalty -52.6 **
(19.3)

e-discount -523.7 ***
(106.0)

total minute & SMS 11.2
(1.3)

unlimited minute & SMS, on-net 2361.3 ***
(457.0)

unlimited minute & SMS 8785.9 ***
(729.8)

data allowance (GB) 1746 *
(75.7)

data allowance, squared -1.0
(0.5)

unlimited data HU 7894.7 ***
(900.9)

unlimited data HU & EU 6868.6 ***
(254.9)

EU data allowance (GB) 72.2*
(33.4)

large screen -308.7
(804.0)

video zero rating 1731.0
(2203.3)

number of other zero-rated services 677.9 ***
(186.1)

2016 -330.3 **
(115.8)

2017 -2419.1 ***
(295.3)

2018 -2879.2 ***
(762.4)

2019 -3462.4 **
(1094.6)

2020 -4174.4 **
(1290.3)

2021 -3890.6 ***
(1135.5)

N 18182
R2 0.72
Adj R2 0.72
AlIC 383410
F statistic 2520

***p<0.001; *p<0.01; *p<0.05.
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Table A13. Pooled model, log-linear

(1)

constant 8.304 ***
(0.034)
loyalty -0.004
(0.003)
e-discount -0.076 ***
(0.017)
total minute & SMS 0.002 ***
(0.000)
unlimited minute & SMS, on-net 0.427 ***
(0.035)
unlimited minute & SMS 1.122 ***
(0.035)
data allowance (GB) 0.021 *
(0.009)
data allowance, squared -0.000
(0.000)
unlimited data HU 0.813 ***
(0.128)
unlimited data HU & EU 0.696 ***
(0.078)
EU data allowance (GB) 0.014 **
(0.005)
large screen 0.099
(0.132)
video zero rating 0.165
(0.209)
number of other zero-rated services 0.087 ***
(0.018)
2016 -0.046 ***
(0.014)
2017 -0.220 ***
(0.034)
2018 -0.254 ***
(0.038)
2019 -0.357 ***
(0.106)
2020 -0.408 **
(0.132)
2021 -0.374 ***
(0.112)
N 18182
R2 0.76
Adj R2 0.76
AlIC 51911
F-statistic 2991

***p<0.001; *p<0.01; *p<0.05.
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