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Abstract

The widespread Internet “piracy” continues to fuel the debate about business mod-
els impervious to copyright infringement. We studied the displacement effects of
“piracy” on sales in the book industry. We conducted a year-long large-scale field
experiment: in the treatment group, we removed unauthorised copies appearing on
the Internet and observed the sales data, whereas in the control group, we simply
observed sales. We were able to substantially curb the unauthorised distribution,
which resulted in a small, positive effect on sales. While using classical analysis we
found it not to be significantly different from zero, a Bayesian approach using previ-
ous “piracy” studies to generate a prior led to the conclusion that protecting from
piracy resulted in a significant sales boost of about 9 per cent.

Keywords Digital piracy - Copyright infringement - Sales displacement - Books -
Field experiment

JEL Classification C93 - D12 - K42 -182-034

1 Introduction and motivation

With digitisation, many businesses were disrupted by the emergence of zero-price
alternatives in the form of online “piracy”. Indeed, unauthorised file-sharing has
often been blamed for the decline in legal sales of music and films throughout the
2000s (Kim et al., 2018). The rise of e-book technology and the proliferation of
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mobile devices introduced the threat of sales displacement to the book publishing
industry as well (Wischenbart, 2014). Nielsen and Digimarc (2017) argued that the
losses to the book industry reached approx. $315 million in the US alone.'

Theoretical literature, however, suggests that “piracy” could carry both posi-
tive and negative effects on legal consumption. Besides the potential displacement,
“piracy” could facilitate word-of-mouth, exposure, promotion or exploration (see
e.g. Bounie et al., 2007) or simply reflect additional consumption occurring side-by-
side with the paid one (but not instead of it). Moreover, many researchers proposed
alternative explanations for the decline in sales of cultural goods in the 2000s (e.g.,
Boldrin & Levine, 2008; Krueger, 2019; Martikainen, 2014).

The problem remains debated due to the difficulty in capturing the causal rela-
tionship. First, consumers who consume more content often do so through both
authorised and unauthorised sources. Second, higher-quality and more popular con-
tent is typically consumed more through both sources. Third, any kind of “piracy” is
difficult to measure as it requires either online user tracking or self-reporting of con-
troversial behaviour. Past research applied various approaches including panel sur-
veys, instrumental variables and quasi-experiments that often lacked a clear counter-
factual and were non-replicable in other contexts.

We propose a new method of analysing the effects of piracy that does not suf-
fer from reverse causality or omitted variables issues and can be replicated across
different countries, industries and years. In our field experiment, we worked with
publishers who provided recent or upcoming book titles for the study. We then com-
bined the titles into pairs or small groups of comparable items. Within each of these
pairs or groups, half were randomly assigned to a group protected from unauthorised
sharing. Finally, we compared the sales of books from the protected and non-pro-
tected groups.

We find that our experimental treatment successfully lowered unauthorised avail-
ability of the treated book titles. As our sample is statistically underpowered, when
assessing the impact on sales, we complement the classical approach with Bayesian
statistics. We find evidence of an effect comparable to that identified in other studies
of “piracy” effects.

We first discuss the relevant empirical work and how our study stands out in
terms of its design. We then provide a thorough description of our approach at each
stage of the experiment, including design, communication with the stakeholders,
control of the implementation, evaluation and feedback. We summarise our main
findings in Sect. 4. Finally, we provide a discussion of our results and the limitations
of our study, suggesting how this framework could be re-applied to other industries.

! Notably though the estimate was based on a survey of e-book readers and questions, such as “what
would you do if this [“pirated”] version was not available?”.
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2 Sales displacement and online “piracy” in books: the framework

Typical market competition perspectives assume that both the product and its
potential substitutes have a positive price and compete within symmetrical sets of
rules. These assumptions are violated within the context of digitised cultural goods,
whereas “pirated” copies have a price of zero, are distributed illegally, and are ethi-
cally controversial.

This asymmetry implies that “pirate” distribution occurs outside of the industry
networks and is rarely measured directly. Consequently, while data on sales can be
accessed at the very least by publishers and distributors, data on unauthorised distri-
bution are difficult to collect. Even if such data can be approximated, it is difficult to
establish the relationship between sales and file-sharing. This is because the general
quality and popularity of cultural goods typically translates into both higher sales
and more unauthorised downloads.

An ideal approach to solving this issue would be to manipulate the supply of
unauthorised content. In a typical competition setting, this could be done by, e.g.,
exogenously changing the price of one good while holding that of the other fixed.
However, in the context of “piracy”, the closest alternative is to affect the availabil-
ity of the “pirated” copies themselves.

In this vein, several studies looked at the impact of “pirate” websites shutdowns.
Danaher and Smith (2014) and Peukert et al. (2017) studied the effects of the sudden
shutdown of the prominent file-hosting website Megaupload. The studies reached
different conclusions, with Danaher and Smith (2014) finding an increase in legal
digital downloads and Peukert et al. (2017) finding no evidence of a change in box
office revenue. One reason for this discrepancy may be that a “pirated” copy is a
better substitute for a copy downloaded from a legitimate source than for a visit to
the movie theatre.” A larger study by Danaher et al. (2019) considered three events
of “pirate” website blocking in the UK. The three blocks covered one prominent
website, 14 websites, and 52 websites, respectively. Notably, the authors found that
while the first block mainly redirected users to other unauthorised sources, the other
two successfully curbed “piracy”, increasing authorised consumption by approxi-
mately 7%—12%.

In the most related study, Reimers (2016) measured the effects of take-down
notices as means of protecting books from “piracy”. For identification, she exploited
the variation in the timing of the take-down notices (TDN). Applying a difference-
in-differences identification strategy, she found an increase of 10-20% in sales of
protected e-books and no evidence of effects for physical books. Additionally,
Reimers (2016) showed that the timings of protection measures for particular titles
were not related to the title popularity (measured via Google Trends) and that thus
the timings could be considered as randomised.

Finally, some insight into the impact of “piracy” on authorised sales may also
be gained indirectly from studies looking at the cannibalisation of print formats by

2 The two studies also differ methodologically and in the sample of countries covered.
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e-books. Chen et al. (2019) studied the relationship between the e-book premiere
date of titles sold in physical form by utilising a quasi-natural experiment where
the e-book availability of some titles was delayed by two months. They found that
the delay caused an increase in physical sales, although it was small and statisti-
cally insignificant. At the same time, the delay negatively impacted the e-book sales.
The authors argued that most consumers make a choice of the mode of consumption
(physical or digital) first. Therefore, e-books are a weak substitute to physical copies
(consistent with Lee et al., 2014, though these authors also note substantial hetero-
geneity of observed effects).

While these studies provide important information, they struggle with three main
challenges. First, as researchers have no say in title protection choices, they need
to prove that the assignment was randomised (or that the selection criteria can be
determined) for the experimental approach to work. This additionally means that
some factors such as title-specific publisher strategies (based on whether a title is
protected or not) cannot be fully controlled for. In the context of website shutdowns,
the lack of a clear counterfactual forces the authors to look for a substitute identifica-
tion strategy. Second, the analyses cannot be reliably replicated for other countries,
industries, or time periods. This is because they all rely on events and processes out-
side of the researchers’ control.

In our study, we design and document an approach that could be replicated—
even though cooperation with industry stakeholders would be required. Our method
allows us to start the treatment execution with a reliable counterfactual set of titles.
We also monitor the process of anti-piracy protection from the start. Moreover, the
publishers in our study are unaware of which titles belong to the treated group and
therefore cannot make strategic choices (e.g. advertisement expenditures) based on
this information. As stated by Danaher et al. (2014), “controlled experiments are the
‘gold standard’ [because they do not] suffer from the endogeneity problem™. These
authors find it regrettable that controlled field experiments on “piracy” are virtually
nonexistent. Our study fills this important gap.

3 Experimental design

The purpose of this experiment was to verify the hypothesis that unauthorised online
sharing of books is detrimental to their sales in authorised channels. To do so, we
partnered with an anti-piracy agency specialised in the detection and removal of
unauthorised copies (via TDNs), as well as with several prominent Polish publishers
who provided book titles for the study. We randomly assigned half of the titles for
protection from unauthorised online distribution, while leaving the other (a priori,
comparable) half without protection. We collected sales data (see Online Appen-
dix F) and unauthorised distribution data for both groups. The experiment ran for a
whole year, making our analysis robust to seasonal effects. We describe the core of
the experimental design in three stages: recruitment of publishers, treatment assign-
ment and treatment execution (and effectiveness). Detailed information for each step
is available via online appendices.
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3.1 Recruitment of publishers

With the help of the Polish Book Chamber and our e-mail campaign, 70 Polish book
publishers were invited to participate in the experiment.> We were also supported
by independent literary agents, who invited the publishers on our behalf. We sub-
sequently called those book publishers to reiterate the invitation and give them a
chance to ask questions about the experiment. At this stage of the experiment, we
informed the publishers about the objective of the experiment, its duration, and the
intended treatment.

Publishers were asked to provide a list of up to approximately 50 books each
and to commit to providing sales data on these books.* We were explicit both in
writing and in verbal communication that the assignment to treatment and control
groups was to be random and could not be influenced by the publishers. We openly
explained that we want to mitigate the risk that the publishers selectively change
pricing or other elements of marketing for the treated books.

Eventually, 13 major publishers agreed to take part in the experiment. One of
them failed to supply the data necessary for the start of the study. The titles from the
remaining 12 publishers were used in the treatment assignment (see Sect. 3.2). By
the end of the study, three publishers dropped out: two failing to provide the sales
data and one due to interference in the treatment procedure. We discuss the details
of the recruitment procedure, the market coverage, and publisher dropouts in Online
Appendix A.

The initially participating publishers provided between 5 and 53 book titles,
which was typically only a fraction of their catalogue. The invitation letter specifi-
cally asked that the books selected for the experiment be relatively new (or even
forthcoming) and relatively popular. This sets our study apart from the study of
Reimers (2016). To identify other potential undisclosed selection criteria, we com-
pared the provided lists to the rest of the publishers’ catalogues (see Online Appen-
dix B). We found little evidence of selection on variables other than the release date.

The publishers provided detailed data on each book. Although we had initially
provided the publishers with a list of segments they were to choose from, the list has
evolved in accordance with their advice and their own segmentation. Table A2 of
online appendix reflects this updated list. Additionally, the information included the
author’s name, page count, price for different formats (paperback, hardcover, audio-
book, e-book) and date of release. We have also acquired data on the number of
previous editions (if any), the first print run, and past sales (if any). Publishers were
also asked to provide quarterly or (preferably) monthly sales forecasts. After the first
half-year and after the end of the study, publishers provided sales reports for each
title. For a description of the provided book data, see Table A4 of online appendix.

3 Background information on the Polish book market and its recent changes is provided in Online
Appendix E.

4 We signed non-disclosure agreements with all the participating publishers.

5 In any event, the publishers’ control of the retail prices is limited in the Polish market: the bookstores
typically sell at substantial and discretionary discounts with respect to the list price.
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3.2 Treatments and treatment assignment

The experimental treatment in this study consists of issuing automated take-down
notices for the identified unauthorised copies of the protected titles in our sample. If
they comply with requests to remove infringing content, platforms are generally not
considered liable for hosted content. Automated removal of files following TDNs
issued by copyright holders or their authorised representatives constitutes a popular
low-cost compliance technology. It was also implemented by most file-hosting plat-
forms in Poland.

In this experiment, we enlisted the help of Plagiat.pl, the largest Polish agency
specialising in online protection of copyrighted content. Plagiat.pl routinely browses
through internet sources in search of unauthorised content and issues TDNs when-
ever a copy is found. Of the finally participating publishers, all reported that they
had not applied any anti-piracy strategies prior to the experiment, although they
believed that “piracy” hurt their sales.®

We provided Plagiat.pl with a complete list of books and the treatment assign-
ment. Plagiat.pl did not inform publishers about the treatment assignment and
did not provide publishers with any information during the experiment. Instead,
Plagiat.pl performed its tasks and reported its findings for both title groups (on a
monthly basis) to us. No steps were taken against the file uploaders (who remained
anonymous).

The participating publishers varied in segments (see Table A2 of online appen-
dix), pricing, formats, as well as business models (e.g. promoting domestic authors
versus translating foreign bestsellers). Due to a high number of such factors, we
decided to employ a matched-subject design rather than pure randomisation of the
treatment (Online Appendix C). The matched-subject design enables the efficient
use of within- treatment heterogeneity in estimating the treatment effects (see for
example Hainmueller et al., 2015; Meyer & Van Klaveren, 2013), enhancing covari-
ate balance between treatment groups and therefore the power of statistical tests.

The matching procedure was conducted for 12 publishers, but (as noted in
Sect. 3.1), only nine of them remained in the sample for the final analysis. In the
remaining sections, we describe the data and conduct the analyses for these nine
publishers. Importantly, only five titles from the retained publishers were a priori
matched with the titles of dropped publishers, with one also having a direct match
with another retained title (see Online Appendix C). This is because most of the
titles in the sample had their best match within the same publisher.

3.3 Treatment execution

The treatment execution started on the same date for all the books released prior to
the experiment and on the first day for those released during the experiment. The

6 Notably, they presented no evidence for why this would be; still, they tended to be frustrated about the
availability of their books on file-hosting websites.
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publication date has been used in matched-subject randomisation, hence the books in
treated and control groups are perfectly comparable along this dimension.

Plagiat.pl identified unauthorised copies on 53 different websites. For books in the
Enforcement Treatment (ET, “treated” books), Plagiat.pl traced the unauthorised dis-
tribution and issued TDNs to the service providers. TDNs affect all copies of unau-
thorised files, regardless of how many users share it. These actions were repeated
continuously and TDNs were reiterated every time given content reappeared without
authorisation. The agency also verified whether the TDNs were complied with and
reported its findings. For books assigned to the Control Treatment (CT, “untreated”
books), Plagiat.pl recorded the number of copies distributed without authorisation and
reported them to us without issuing TDNs. The findings were compiled in monthly
reports, including the number of unauthorised copies of titles from both the CT and ET
samples.

We verify the effectiveness of our treatment empirically through two manipulation
checks. First, we compared the availability of the unauthorised copies of books belong-
ing to CT and ET using the reports from Plagiat.pl. We find a significant drop in the
number of copies in the ET relevant to those in CT. Second, to confirm whether this
translated into lower chances of finding copies of the books, we asked three research
assistants to search the Internet for copies of randomly selected titles from both CT
and ET. We found lower chances of finding the copies for the ET titles relative to
the CT titles. For the copies found, the time for the search was longer and the search
often ended in less known and popular (and thus riskier) sources. We describe both
approaches and analysis in more detail in Online Appendix G. In the Appendix, we
also discuss the relationship between the number of available copies and the number of
downloads based on supplementary data provided to us by the leading file-hosting plat-
form Chomikuj.pl for another time period. We find a positive link between the number
of available copies and the number of downloads. We also notice that the relationship
gains strength for higher numbers of copies available—i.e. that reducing the number to
only a few copies might be enough to curb downloading as well.

4 Results

We analyse the treatment effects from three angles. First, we report basic sample sta-
tistics. Because our experiment is a randomised trial, we can interpret these results as
primary evidence. However, if treatment effects are heterogeneous, means/medians
may be uninformative. We thus, secondly include regression analyses. Finally, we take
a Bayesian perspective to consider our results in the light of other studies on the effects
of “piracy”, taking the results of the most notable ones as a priori information for the
analysis.

4.1 Statistical tests of the means

The comparison of mean sales between the two treatments reveals that on average,
sales were approximately 5% higher in ET. Yet, the difference is not statistically
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Fig. 1 Cumulative distribution functions of sales (in logarithms). Note: sales (topped with first print run
figures to avoid negative values, see footnote 7), in the sample of 148 titles that were ever observed to be
subject to unauthorised file-sharing

significant. Figure 1 reports cumulative distribution functions for the (log of) sales
in ET and in CT.” The observed differences between CT and ET remain statistically
insignificant.

Statistical tests cannot reject the null hypothesis that there is no difference in
sales across treatment and control groups. Table 1 reports the results of Mann—Whit-
ney’s non-parametric rank test on overall sales of the analysed books. Additionally,
we perform the Wilcoxon test on matched pairs based on our design. The maxim-
ised/minimised columns refer to the choice of titles for the testing: as described in
Sect. 3.2, we had several groups of more than two titles. Regardless of specification,
the data fail to reject the null hypothesis of no difference in sales between the ET
and CT groups. As a last check, we test for differences in variance in both groups—
it is plausible that the treatment affected various genres or titles in different ways.
As the treatment could not have a bearing on the titles with no unauthorised copies
ever uploaded, we repeated all the tests restricted to the sample that saw at least one
copy of the “pirated” version available at some point. Again, we find no statistically
significant difference.

7 We take the natural logarithm of copies sold. Since for a fraction of our titles, during the experiment
window, sales were smaller than returns, we added the first print run to the reported sales for all the
titles. Note that the titles were matched on the first print run prior to the treatment assignment, hence the
first print run is orthogonal to the treatment and does not affect the estimations.

@ Springer

Downloaded from https://www.cambridge.org/core. 22 Aug 2025 at 07:09:04, subject to the Cambridge Core terms of use.


https://www.cambridge.org/core

Internet “piracy” and book sales: a field experiment 465

4.2 Regression analysis

The lack of evidence for a significant effect may be driven by insufficient statistical
power. Given the dispersion in sales across book titles as observed in our data, with
a treatment effect of approximately 10%, the statistical power of 80% would require
a sample of approximately 900 rather than the current 239 titles. Though the issue is
partially offset by matched-subject randomisation, it is possible our sample size still
falls short of the required number.

To mitigate this problem, we re-estimate the treatment effect in a regression
model. In these specifications, we proxy for the intensity of digital “piracy” using
information about the length of unauthorised availability and electronic (author-
ised) distribution. We report the results in Table 2: the (intensity-adjusted) treatment
effect is estimated at roughly 10%, though it remains statistically non-significant.
We study separately the titles that were ever distributed in unauthorised channels
and the titles for whom the TDNs had a permanent effect (i.e. reduced the num-
ber of unauthorised copies to 0 with no reappearance). Note that this estimator is
less underpowered than the tests on means, medians and variances in Table 1. The
estimated effects remain statistically non-significant even though their sign and size
seem in line with prior literature on displacement effects of “piracy”.

4.3 Regression analysis with priors

The regression analyses make the effect size more in line with other literature on
“piracy” effects. However, the estimates of treatment effects remain statistically
insignificant. With no other source of information, we cannot reject the null hypoth-
esis for of no detrimental effects of “piracy” on sales. To further improve the infor-
mation value of our study, we leverage information from other studies on the effects
of “piracy” on sales. While these studies differ in the specifics of industry and meas-
urement, they make it possible for us to deploy a Bayesian approach, using the find-
ings from other studies as a prior.

Non-Bayesian (i.e. frequentist) methods typically yield fixed point estimates and
derive their conclusions purely from the observed data. Bayesian analysis combines
prior beliefs (expressed as probability distributions) with observed data to provide a
posterior distribution that encapsulates a range of plausible parameter values. This
method allows us to account for prior evidence on “piracy” effects when estimat-
ing the effects of the analysed treatment. An informative prior, in this context, can
be based on estimates from prior empirical literature, including their variance. The
resulting posteriori outcomes combine inference from the data and the prior findings
(for more information on the implementation of Bayesian regression and choosing
priors, see e.g. Korner-Nievergelt et al., 2015; Muth et al., 2018).

At first glance, the study of Reimers (2016) might be considered a suitable source
of priors. Indeed, Reimers (2016) studied (non-experimentally) the effects of a simi-
lar TDN strategy on sales. However, the books in her sample were quite different.
First, their electronic versions represented a much larger part of sales. Second, the
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books were much older: in our sample, all the books were published within the last
15 years, whereas in Reimer’s data only “a few”. Other studies suggest this could
play a big role. For one, older books could be more susceptible to the promotional
effects of “piracy”. Tanaka (2019) finds that a similar protection strategy conducted
for manga comic books in Japan boosted the sales of ongoing series but harmed
those of the (typically older) finished ones. In a related setting, Nagaraj and Reimers
(2021) found that digitisation of older books—and particularly less popular ones—
increased their print sales, while Chen et al. (2019) found a non-significant nega-
tive effect for recent books and Sharma et al. (2019) observed a significant negative
one. As a result, the study of Reimers (2016) cannot inform our beliefs about our
findings.

By contrast, the study of Danaher et al. (2019)—despite focusing on movies—
bears several important similarities to our context. First, the study analyses a simi-
lar time period of 2012-2014. Second, it focuses on ongoing consumption, domi-
nated by current titles rather than older ones. Third, it analyses the effects of website
blocking, which amounts to a considerable reduction in availability of unauthorised
copies (i.e. treatment similar to ours). Fourth, it was conducted in the UK, a Euro-
pean country and (back then), an EU member. Arguably, legal and cultural differ-
ences between the UK and Poland are smaller than those between Poland and Japan
(Tanaka, 2019) or the USA (Reimers, 2016).

Danabher et al. (2019) consider several specifications, concluding that the effects
fall within the range of 7-12%. We base our prior on these conclusions, assuming
a normal distribution with the mean at the middle of these values (i.e. 9.5%) and a
standard deviation placing 95% of the distribution within this range (i.e. 1.25%). We
also verify the possibility of a less informative prior by instead assuming that 68%
of the distribution falls within that range (i.e. a std. dev. of 2.5%). For the estima-
tion, we mimic our prior OLS approach from Table 2), using the Bayesian general-
ised linear models implemented in the rstanarm package for R—estimated using the
MCMC method and assuming a Gaussian distribution. For the specifications with
control variables, we use the approach implemented in the rstanarm package aimed
at providing weakly informative priors by default. The priors for the other coeffi-
cients thus assume a normal distribution centred on 0, with the variance rescaled
statistic based on the standard deviations of the explained variable and the respec-
tive co- variate (see: Goodrich et al., 2023). The informative prior used for the coef-
ficient on the Treatment variable remains non-rescaled.

Owing to the additional information from the prior, the posterior uncertainty
intervals show a positive effect of the protection. In the strongly informative prior
scenario, the effect is close to that of Danaher et al. (2019), falling within the
range of 7.4% and 11.7%. When assuming a less informative prior, the interval
widens to 5.6%-13.5%, thereby still excluding a null relationship. Across the dif-
ferent specifications of the model included in Table 2 (i.e. when looking only
at the titles ever available in unauthorised channels or ones with no reappear-
ing copies; and adding control variables), the results for the posterior intervals
remain stable with the lower and upper bounds shifting by at most 1 pp. While
these results support our main hypothesis, they also show that the posterior inter-
vals are largely driven by the information from the prior rather than the more
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volatile information from our data. Assuming a standard deviation of 5% in the
prior (i.e. lowering the share of values in the range provided by Danaher et al.
(2019) to as few as 38%) yields a consistent lower bound of 1% for the posterior
intervals across the specifications, i.e. only just above the null. Unfortunately, as
few other studies considered the complete removal of pirate availability, we can-
not test our data against other priors.

5 Conclusions

We proposed an experimental framework to test if the availability of unauthorised
copies has an effect on sales. We worked with prominent Polish book publish-
ers who provided titles for the study. We then split the sample into two compara-
ble groups and protected one from unauthorised online sharing for a full year with
the help of an agency specialised in the enforcement of take-down notices. Finally,
we analysed sales data for the two groups, which were provided by the publishers.
While ultimately our sample proved small in terms of statistical power, we found
our results do not go against those from related studies, including the estimates that
Reimers (2016) reported for printed books. To verify this, we supplemented tradi-
tional econometric approaches with a Bayesian perspective, where information from
a prior study with a similar design was combined with the information derived from
new data. This analysis is more supportive of a positive effect of our treatment than
a negative one, although the low number of observations in our data remains an
issue.

Our main contribution, however, comes from the applied method. Our design
allowed us to greatly reduce causality issues while providing us with a clear coun-
terfactual and full control of the treatment. This is in contrast to prior literature
on “piracy”’, where even the most robust studies rely on one-time events that were
often specific to particular countries, and which were outside of the control of the
researchers. While the mentioned studies provided important and definitive informa-
tion about the effects of these events, these approaches cannot be replicated in other
contexts.

Our proposed framework relies on the cooperation of several stakeholders,
including publishing companies, anti-piracy agencies and researchers. It was made
possible largely due to the complementary incentives of the participants. On the
one hand, the publishers benefited from having some of their titles protected from
“piracy” (which they suspected of hurting their sales). On the other hand, the agency
had the opportunity to present its efficiency in removing unauthorised copies and
the potential effectiveness of this approach to the publishers. This collaboration was
easier because we—the researchers involved—handled almost all of the design and
data analysis. At the end of the experiment, we also provided the participants with
individualised reports on the outcomes.

Throughout the article, we document our approach and the design of our experi-
ment. We hope this study can be used as a reference for future studies in the contexts
of other industries and countries.
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