Topics in Economic Analysis & Policy

Volumesb, Issuel 2006 Article 18

The Impact of Digital File Sharing on the
Music Industry: An Empirical Analysis

Norbert J. Michet

*Nicholls State University, norbert.michel@nicholls.edu

Copyright(©2006 The Berkeley Electronic Press. All rights reserved.



The Impact of Digital File Sharing on the
Music Industry: An Empirical Analysis

Norbert J. Michel

Abstract

The first file-sharing software, Napster, was shut down in 2001, but the copying technology’s
impact on the music industry is still passionately debated. This paper uses micro-level data from
the Consumer Expenditure Survey to examine the impact of Internet file sharing on music sales.
Music industry representatives argue that the practice decreases CD sales, while supporters of
file-sharing allege the practice could actually increase sales. Using household-level data from the
Consumer Expenditure Survey, we find support for the claim that file-sharing has decreased sales.
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INTRODUCTION

The impact of new copying technology on the music industry has been hotly
debated since the launch of the first file-sharing software, Napster, in 1999.
Music industry representatives have charged that indiscriminate copying
decreases compact disc (CD) sales, while supporters of free file sharing have
alleged the practice is mostly innocuous.' Although several researchers have
examined the impact of copying on CD purchases, the present paper is the first to
use the micro-level Consumer Expenditure Survey data to study the possible
impact of file-sharing. The findings in this paper are broadly consistent with
recent research.

Zentner (2005) finds that cross-country aggregate data support a 14 to 23
percent reduction in CD sales (in the U.S.) from file sharing. Hong (2004) uses a
two-sample instrumental variable approach and finds that file sharing
significantly decreased music purchases for households with children aged 6 to
17. Liebowitz (2004 — a ) examines the impact of file sharing using aggregate
U.S. data and estimates that file sharing may have decreased album sales by as
much as 30 percent. Oberholzer and Strumpf (2004) match U.S. record sales data
to file-sharing data from a peer-to-peer (P2P) network over a seventeen week
period in 2002 and find that the impact of downloads on album sales is
statistically indistinguishable from zero.” Rob and Waldfogel (2004) use micro-
level data on college students’ downloads and music purchases, and find that
downloads do displace music purchases (by varying degrees). Zentner (2003)
finds that file sharing usage reduces the probability of purchasing music by 30
percent. In the present study, using micro-level expenditure data from the
Bureau of Labor Statistics’ (BLS) Consumer Expenditure Survey (CEX), we find
that some U.S. music consumers could have decreased their CD purchases (prior
to 2004) by about 13 percent due to Internet file sharing. The remainder of this
paper is structured as follows. Section I provides an overview of the data and
methodology, Section II discusses summary statistics, Section III presents our
regression analysis, and Section IV concludes.

' On September 17, 2002, the President of the Consumer Electronics Association (CEA) gave a
speech in which he said that file sharing is both “legal and moral.” A copy of the speech can be
found on the CEA’s website at http://www.ce.org/press_room/speech.doc. However, given the
recent U.S. Supreme Court decision in MGM Studios v. Grokster, the legality of file sharing does
not appear to be an open question. Nothing in this paper should be construed to suggest that the
author endorses or condones illegal file sharing.

2 As explained in Oberholzer and Strumpf, the bulk of file sharing (during this period) took place
on P2P networks.
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1. DATA AND METHODOLOGICAL APPROACH
A.DATA

The CEX is used by the BLS to compute the Consumer Price Index and data is
collected in both interview and diary formats. The diary method (consumers keep
a log) primarily collects detailed information on consumer staples, such as food.
We use the CEX interview files, where up to 95 percent of total household
expenditures are reported, for the years 1995 through 2003. The CEX interview
survey uses a rotating panel design, wherein consumers report their purchases
from the three-month period prior to their interview month. Interviews are
conducted each month but individual consumer units report their purchases no
more than four times per twelve-month period. The interview files contain
quarterly expenditures for fifteen overlapping quarters.

For example, the first set of interviews in the 2003 CEX interview survey
is conducted in January 2003 and captures expenditures from October to
December of 2002. The second set of interviews is conducted in February 2003
and captures expenditures from November 2002 to January 2003, and so on. The
last set of interviews (the fifteenth quarter) is conducted in March 2004 and
captures expenditures from December 2003 to February 2004. In order to derive
estimates that are comparable to the music industry’s annual sales figures, we
derive weighted calendar year estimates of annual mean music expenditures by
following the procedure provided in the CEX documentation. This method
adjusts the cross-sectional quarterly expenditures to account for the different
calendar months reported in each interview.” All regression analyses are
performed on the cross-sections of quarterly expenditure data.

The unit of observation in the CEX is a “consumer unit,” a measure
analogous to a household. Each consumer unit’s expenditures and demographic
information are reported only for those individuals living at the same address.
Children at boarding school or living in a college dorm, for example, are not
included in their parents’ consumer unit (they would comprise their own
consumer unit). In this paper, we interchangeably use the terms consumers and
households to refer to consumer units. For all statistics calculated with CEX data,
only households coded as “complete income reporters” are used, a designation
that indicates information was provided for at least one of the household’s major
sources of income, such as wages and salaries. Additionally, we drop from our
analysis all consumers with missing income or expenditure information, as well as
those with missing information on computer ownership. Unless otherwise noted,
all statistics reported below employ the appropriate weights (see the Appendix for

3 For more information on this procedure, see page 273 of “2004 Consumer Expenditure Interview
Survey Public Use Microdata Documentation,” available at
http://www.bls.gov/cex/2004/cex/csxintvw.pdf.
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further details). All nominal dollar amounts are converted to 2003 dollars using
the CPI-U for all items less food and energy.

B. METHODOLOGICAL APPROACH

One advantage of using the CEX to study file-sharing activity is that self-selection
bias in the data is all but eliminated. For instance, there is little chance that
consumers will misreport their music purchases for self-serving reasons related to
Internet downloading because the CEX does not ask any questions related to file
sharing. Consequently, we are only able to use the CEX to infer what impact file
sharing may have had on CD purchases.” A major weakness of using the CEX
data is that we are unable to directly test the same individuals’ expenditure
changes across years. However, using the CEX does allow us to directly test for
the effects that specific demographic characteristics may have on nationally
representative cross sections of consumers’ expenditures. We exploit this feature
of the data to identify clusters of possible file-sharing activity.

Specifically, we examine the relationship between computer ownership
and household expenditures on music. To study this relationship, regressions are
run on cross sections from 1995 through 2003, respectively, as well as on pooled
data. Because a computer is a necessary tool for file sharing, the data should not
(in general) show any significant change in this relationship if file sharing had
nothing to do with declines in music sales. If, on the other hand, computer-
owning consumers increased their use of file-sharing services and increased
(decreased) their purchases of CDs, we would expect to see a positive (negative)
change in the relationship between computer ownership and CD purchases.

One possible problem with this approach is that computer owners who did
not engage in file sharing may have decreased their music purchases for reasons
unrelated to file sharing (yet inherent to owning a computer). Because the CEX
does not directly record consumers’ file-sharing activity we are unable to more
fully control for this possibility. =~ Another possible weakness with this
methodology is that broadband usage could be better than computer ownership as
a predictor of file-sharing activity. Unfortunately, the CEX does not record
broadband access (or even Internet access) until 2001, two years after the first
file-sharing service went online. Even though the data quality for broadband use
is poor, the regression results using a “high speed Internet access” indicator

* The CEX weights are designed to generate statistics representative of U.S. consumers, but these
weights are generally targeted to hit broader aggregates than the expenditures used in this paper.
In fact, it is well-documented that using a fine level of detail for expenditure categories with the
CEX frequently results in aggregates that appear smaller than other aggregate measures (see
Garner, Janini, Passero, Paszkiewicz, and Vendemia (2003)). It is not surprising, therefore, that
the weighted sum of music purchases in the CEX fluctuates between $3.5 billion and $3.8 billion
during the sample period, representing about 30 percent of aggregate U.S. CD sales.

> For a definition of the CEX variable used to represent “CD purchases,” see the Appendix.
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variable are presented below.® Summary statistics for our samples are presented
in the next section.

II. SUMMARY STATISTICS, 1995 THROUGH 2003

All of the following summary statistics are presented only for consumers that
meet the following criteria: non-missing CD expenditures, non-missing income,
complete income reporters and non-missing computer ownership information.
Table 1 presents summary statistics for the following consumer groups: (1) both
computer-owning and non-computer-owning consumers; (2) consumers that own
a computer at the time of the survey; and (3) consumers that do not own a
computer at the time of the survey. Table 1 provides calendar-year mean CD
expenditures as well as year-to-year changes (in absolute and percentage change
form) for each consumer group.

Table 1 indicates there is a positive relationship between computer
ownership and CD expenditures, and the relationship appears stronger in the
beginning of the sample period. Still, the mean CD expenditure for both
computer-owners and non-owners follows a generally downward trend from 1995
through 2003. Additionally, the number of non-owners is about 50 percent lower
in 2003 vs. 1995 even though the overall sample size is increasing. This pattern is
consistent with increased U.S. household computer ownership in 2003 vs. 1995.’
Even when we examine CD expenditure trends around 1999, the year of the
Napster launch, we find similar expenditure patterns among both computer
owners and non-owners.

Both groups’ mean expenditure declined from 1995 to 1997, increased in
1998 and 1999, and then started a generally downward trend through 2003. These
trends match those of U.S. aggregate CD sales in five of the eight years measured
(see Table 2). While most of the computer owning group’s year-to-year changes
are larger in absolute terms than the non-owning group’s changes, the same
cannot be said using year-to-year percentage changes. Nonetheless, a careful
comparison of these groups’ mean expenditure changes suggests that a closer look
at the data is warranted.

The year Napster went online (1999), for example, computer owners’
mean CD expenditures increased $0.68 (1 percent), a small, statistically
insignificant change. On the other hand, non-computer owners’ mean CD
expenditure increased $3.30 (20 percent) in 1999, a statistically significant
increase at the 5 percent level of significance. In 2000, computer owners’ mean
CD expenditure decreased $4.77, a statistically significant 10 percent decrease. In

® Of course, Internet access and Internet usage are not the same, but usage is not recorded in the
CEX.
" See Day, Janus, & Davis (2005).
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the same year, non-computer owners’ mean CD expenditure decreased by 8
percent, and the change is statistically insignificant.

In 2001, the year that Napster was shut down, computer owners’ mean CD
expenditure increased by only $0.05 (less than 1 percent) and the change is
statistically insignificant. In the same year, non-computer owners’ mean CD
expenditure declined 19 percent (significant at the 5 percent level), a decrease that
does not bolster the hypothesis that file sharing caused a decrease in music sales.
Yet, in the following two years, the relative changes for these two groups is
consistent with file sharing leading to a decrease in music sales. In 2002 and
2003, years in which Napster-like services continued to grow in popularity,
computer owners’ mean CD expenditures decreased by $4.79 and $5.55 (11 and
14 percent), respectively. These changes are statistically significant at the 5
percent level. During the same two years, the mean CD expenditure of the non-
computer owning group decreased by only $0.80 and $0.22 (5 and 2 percent),
respectively, and neither decrease was statistically significant.

Table 3 provides additional summary statistics for the three consumer
groups, and shows that computer owners tend to be a bit older, have slightly
larger families, and have more than 1.5 times the annual wage and salary income
(in most years) as the non-computer owners. Income also follows different trends
for the computer owners and non-owners. While income for non-computer
owning consumers is almost $9,000 less in 2003 than in 1995, computer owners’
annual income is approximately $3,500 greater in 2003 vs. 1995. Furthermore,
computer owners’ income is $934 higher in 2003 than in 1998 (the year prior to
the Napster launch), suggesting income changes may not explain the decline in
these consumers’ CD purchases. While these summary measures only provide a
superficial picture of what is happening in the data, they do warrant a closer look
at the relationship between computer ownership and music expenditures.

ITI. REGRESSION ANALYSIS

A. DIFFERENCE-IN-DIFFERENCES MODEL

We begin our regression analysis by directly measuring the change in the
relationship between computer ownership and household expenditures on music
from 1998 to 2003. We conduct this test with the difference-in-differences
estimator, designed to compare control and treatment groups before and after a
particular event (see Wooldridge (2003)). The event is the initiation of the first
file-sharing service (Napster) in 1999. The estimator compares the difference in
expenditures of a control group (consumers that do not own a computer) and a
treatment group (consumers that do own a computer) before and after the event.
The test is run on data from the years 1998 and 2003, so the estimator represents
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the difference in expenditures that could be attributed to file-sharing activity.® If
file sharing between 1999 and 2003 was largely performed by computer owners
who previously purchased significant amounts of music, then we would expect
the estimator to be negative and statistically significant. If, on the other hand,
computer-owning consumers increased their use of file-sharing services and
increased their purchases of CDs, we would expect to see a positive change in the
relationship between computer ownership and CD purchases.

It is also reasonable to expect that any significant impact on CD sales from
Internet file sharing (in the near term) should be concentrated among avid music
consumers. To test this implication using the difference-in-differences estimator,
we split the sample into “below average” and “above average” music consumers,
where the “average” consumer is defined as one who purchases the median level
of CDs. In our full sample, the inflation adjusted median level of household CD
purchases is $33 in 1998 and $30 in 2003. Our “below average” sub-sample
consists of all consumers who spend less than or equal to $32 on CDs.’

The tests are performed by estimating the following equation:

In(CDexp) = ,B, + ﬁ’zln(income) + ,BSI (computer=1)+ ,B4X "+ ,BSI (Year2003=1)+...
et BG (computer* Year2003).
(1)

In model (1), the natural logarithm of each consumer’s real CD expenditures
serves as the dependent variable (In(CDexp)). The independent variables of
interest are the indicator variables for computer ownership (/(computer =1)) and
the year 2003 (/(Year 2003 =1)), and the interaction variable (computer * Year
2003). The I(Year 2003 =I) variable is a year indicator, set to one for
expenditures made in the year 2003, and the /(computer =1) variable is a year
indicator, set to one for all consumers who own a computer. The coefficient on
(computer * Year 2003) is the difference-in-differences estimator, whereby the
year indicator /(Year 2003 =I) is multiplied by each consumer’s computer
indicator (/(computer =1)).

To control for preferences and seasonal variation, the model contains a
vector (X) of control variables including family size and age, as well as time
indicators for the expenditure quarters and years. The CEX family size variable is
reclassified so that six or more people represent the largest family size, and the

¥ The CEX data cannot be used to measure annual expenditure changes for the same consumers
over time, so an underlying assumption is that computer owners in 1998 were not systematically
different from computer owners in 2003. This issue is addressed further below.

? Defining below average music consumers as those with CD purchases in the first quartile (rather
than up to the median) produces results similar to those presented below.
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age variable is grouped into four categories: under 31, between 31 and 55,
between 56 and 65, and over 65 (the age of the spouses are averaged for married
households). Because the CEX definition of before tax income was changed in
2001, the natural logarithm of wage and salary income is used as the independent
variable controlling for income (In(income))."® An alternative specification, using
the age of the household’s children, yields nearly identical results to those
presented here (see Michel (2003), Appendix I), and including additional
preference variables such as race and region of residence do not materially impact
the results presented below. All regressions are run only on consumers that meet
the following criteria: non-missing CD expenditures, non-missing income,
complete income reporters and consumers with non-missing computer ownership
data.

B. DIFFERENCE-IN-DIFFERENCES RESULTS

Table 4 presents the results from running model (1) on pooled data from 1998 and
2003 for the full sample as well as for “below average” and “above average”
music consumers. The table is divided into three sets of three columns. For each
set, the first column provides the estimated coefficients and standard errors from
running model (1). The second and third columns provide the absolute and
percentage changes, respectively, for each estimate that can be measured
separately in 1998 and 2003."

Table 4 shows that, using the full sample, the coefficient of the difference-
in-differences estimator (computer * Year 2003) is negative and statistically
significant at the 5 percent level of significance. In other words, the relationship
between computer ownership and CD expenditures weakened from 1998 to 2003.
Because the model regresses the natural logarithm of CD expenditures, this
estimate (-0.13) suggests that file sharing could have decreased CD sales by about
13 percent between 1998 and 2003. The regression results also confirm the
positive relationship between income and CD expenditures, with a statistically
significant estimate of 0.11 on the natural log of income. Given that computer
owners’ income is actually a bit higher in 2003 than 1998, it does not appear that
income changes can explain computer owners’ decrease in mean CD
expenditures. Table 4 also presents the estimates from running model (1) on only
the “below average” and “above average” music consumers.

As expected, the difference-in-differences estimator is smaller in
magnitude (-0.01) and statistically insignificant when using the below average
sample. Running model (1) on only the “above average” music consumers

' Income is collected on an annual basis in the CEX.

' Absolute and percentage changes for the full sample are calculated from coefficient estimates
(presented later) shown in Table 5. Changes for the below and above average music consumers
are taken from coefficient estimates shown in the Appendix.
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produces a difference-in-differences coefficient that is negative (-0.11) and
statistically significant at the five percent level. This estimate of the (computer *
Year 2003) coefficient is statistically indistinguishable from the estimate on the
full sample. These results suggest that any negative impact on CD sales from file
sharing was concentrated among the avid music consumers. Nonetheless, these
results require further scrutiny because of possible econometric problems.

The main complicating factor is that computer owners in 1998 and 2003
are not necessarily two homogenous groups. Indeed, Table 1 demonstrates that
the raw number of computer-owning consumers in our sample increased from
2,670 in 1998 to 4,306 in 2003, while the number of non-owners decreased from
1,737 in 1998 to 1,008 in 2003. Furthermore, the difference-in-differences
estimator in (1) could be biased downward if computer owners in 2003 purchased
computers specifically to download music. The proliferation of CD burning, for
example, highlights the possibility that computers were purchased specifically to
copy music CDs. On the other hand, because consumers use the same technology
to convert CDs to the MPEG format, it is possible that this activity could
contribute to a stronger relationship between computer ownership and CD
purchases. File sharing proponents have also suggested that music sales
decreased as consumers substituted into other types of entertainment goods, such
as prerecorded movies and video games. However, Michel (2005) concludes
there is no evidence that CEX households’ decrease in music purchases
corresponds to an increase in spending on movie tickets, prerecorded movies or
video games.

Another possibility is that computer owners’ mean CD expenditures have
decreased through time as they purchased legal downloads instead of CDs. Fans
of independent label music, for example, have been able to download music
through the Internet Underground Music Archive (IUMA) website since 1993.
By 1998, TUMA claimed to be indirectly responsible for gross sales of
approximately $1 million per year (See Krasilovsky & Shemel, 2000, p. 449).
Still, given that the market for digital downloads is still developing (Apple
launched its iTunes service for Macintosh users on April 28, 2003), it is likely that
this issue will be much more important using more recently released versions of
the CEX than are used in this paper. Regardless, as of the 2003 release, the CEX
does not directly capture purchases of digitally downloaded music.”> To
summarize, there at least four possible issues which could mitigate the findings
presented in this paper, and the most serious issue appears to be the fact that
computer owners in 1998 and 2003 are not necessarily two homogenous groups.

Ideally, panel data (with the same computer-owning consumers included
for all four years) would be used to control for this problem, but such a panel

2 In fact, Nielsen SoudScan, the company that tracks U.S. music purchases, did not begin tracking
digital downloads until the second half of 2003.
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cannot be constructed with CEX data. Alternatively, two-stage least squares
(2SLS) could be used to control for possible endogeneity, but finding suitable
instruments within the CEX has proved most difficult."> Because neither option is
workable, we further analyze the relationship between computer ownership and
CD expenditures using data that predates the existence of online file sharing. If,
for example, a negative change in the relationship between CD purchases and
computer ownership exists in the data prior to the initiation of the first file-sharing
service, our interpretation of the results in Table 4 would be weakened.

C. REGRESSIONS ON ANNUAL AND POOLED DATA

In this section of the paper, we analyze the relationship between computer
ownership and CD expenditures in the following two ways: on a year-by-year
basis and with pooled data from 1995 to 2003. To perform these tests, we simply
modify our main regression model. For the regressions using the respective
annual data, we use the following model:

In(CDexp) = ,Bl + len(income) + @I(computer =1)+ &X'. (2)

As in model (1), the natural logarithm of each consumer’s real CD expenditures
serves as the dependent variable (In(CDexp)). The key independent variable is
({(computer =1)), an indicator set to one for consumers owning a computer.
Model (2) also includes the same independent variable for income (In(income))
and the same vector (X) of control variables as the original model. For the
regression using the pooled data from 1995 to 2003, we simply modify model (2)
by adding a full set of year indicators (with 2003 as the reference year) and
interacting the computer indicator with the respective year indicators (for a total
of eight interaction variables).

Table 5 shows that the coefficient on the computer indicator variable is
positive (with a point estimate of 0.15) and statistically significant (at the five
percent level of significance) in 1995, four years before any online file sharing
services existed. The parameter estimate then decreases to 0.12 in 1996, but
increases to 0.15 and 0.16 in 1997 and 1998, respectively (and remains
statistically significant). In 1999, the year that Napster went online, the
coefficient estimate is still statistically significant but it decreases to 0.11. The
estimate then decreases to 0.03 in 2000 and is no longer statistically significant.
In 2001, the year that Napster was shut down, the point estimate on the computer
indicator increases to 0.12 and is statistically significant at the five percent level.

" Earlier versions of this paper included 2SLS with admittedly poor instruments, as well as a
synthetic cohort analysis which suffered from small sample problems. These test results, though
less dependable, did nothing to change the conclusions drawn from the tests presented in the

paper.
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While this increase does coincide with Napster being shut down, at least one
independent survey suggests that Internet file sharing actually became more
widespread between 2000 and 2002, a period during which Napster replacements
proliferated.'* Table 5 also demonstrates that in both 2002 and 2003 the
parameter estimates for the computer indicator are close to zero and statistically
insignificant. There is some evidence to suggest that Internet file sharing
continued to grow in popularity during these two years, but several estimates
suggest a slowdown in activity during 2003. This possible slowdown in file-
sharing activity has been linked to the increase in lawsuits filed (late in 2003) by
the recording industry against individuals engaged in file sharing."

Table 6 presents the regression results from using pooled data on the entire
sample period (1995 through 2003). These results are consistent with the
previously discussed findings. The coefficient on the natural log of income, for
example, is 0.10 and is statistically significant at the five percent level. The
coefficient on the computer indicator variable is 0.02 and statistically
insignificant. The estimates on the interaction terms (the respective year
indicators multiplied by the computer indicator) are stronger in the pre-file-
sharing period than in the post-file-sharing period. Overall, at the very least, our
test results suggest that the relationship between computer ownership and music
purchases (in the CEX) weakened after Internet file sharing became a viable
option for music purchasers, and this change is concentrated among the heaviest
music purchasers. We find no evidence (in the CEX) that file sharing led to a
widespread increase in music purchases. If such a change were present in the
data, we would expect to have seen a positive change in the relationship between
computer ownership and CD purchases.

D. A NOTE ON BROADBAND INTERNET ACCESS IN THE CEX
The main tests in this paper use the relationship between computer ownership and
music purchases to identify possible clusters of Internet file sharing. It stands to
reason that exploiting the connection between broadband Internet use and music
purchases would also be a good approach. Unfortunately, the CEX did not collect
information on Internet access until 2001, two years after the first file-sharing
service went online. And, between 2001 and 2003, the CEX did not collect
spending or usage information on broadband, only whether the household’s utility
bills include such spending.

There is also a serious discrepancy in the CEX broadband variables. For
example, 849 households (in 2003) responded that they had paid for broadband
access, yet 759 of these households responded that they had not paid for Internet

' See Rainie, Madden, Hess and Mudd (2004).
' Unfortunately, the estimates of file-sharing activity are so varied that even broad generalizations
of trends may be in error. For a thorough discussion, see Liebowitz (2004 — b).
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access (of any kind).'"® For the sake of completeness, we construct an indicator
variable — a far from perfect indicator variable — for broadband access by using
the responses to both of these questions. For all households who reported they
had not paid for Internet access, the “high speed” indicator was set to zero. For
the remaining households who reported they had paid for broadband Internet
access, the indicator was set to one. This indicator variable was then added to
regression model (2), and the results are reported in Table 7. The estimated effect
for the high speed indicator is a statistically significant -0.24 for 2001, but is
insignificant for the other two years, as well as in the pooled sample. Given these
test results and the poor data quality for this variable, it is probably best to refrain
from drawing any conclusions about the relationship between music purchases
and broadband Internet access in the CEX. Regardless, it is impossible to
measure the change in this relationship (in the CEX) before and after the advent
of Internet file sharing.

IV. CONCLUSIONS

Even though Napster was shut down in 2001, the impact of digital file sharing on
the music industry is still passionately debated. Opponents of file sharing charge
that indiscriminate Internet copying decreases music sales, while supporters of
free file sharing argue the practice is harmless, at worst, and may even increase
music sales. This paper uses micro-level data from the Consumer Expenditure
Survey to examine the impact of Internet file-sharing on music sales, and its
findings are broadly consistent with recent research.

Our micro-level data test results suggest that file sharing may have
reduced album sales (between 1999 and 2003) by as much as 13 percent for some
music consumers. At minimum, our test results indicate that the relationship
between computer ownership and music purchases (in the CEX) weakened after
Internet file sharing became a viable option for music purchasers. No similar
negative change exists in the data prior to the initiation of the first file-sharing
service. Furthermore, we present evidence that this weakened relationship is
concentrated among the heaviest music purchasers, and we find no evidence that
file sharing led to a widespread increase in music purchases. Nonetheless, our
results should be used carefully when predicting the /ong-term viability of the
music industry in an environment where record labels (or artists) compete directly
with free file-sharing services. In the current market, most music consumers
purchase their music in the CD format, and digital downloads are not as highly
substitutable for CDs as for other digital downloads.

'® The CEX respondents are first asked whether their bills include charges for Internet access, and
later asked if their bills include charges for DSL or ISDN access.
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APPENDIX

The CEX sample methodology is known as a stratified random sample (or a
complex sample), whereby the U.S. population is divided into strata and then
random samples are drawn from each strata. To control for survey design
characteristics, we use the CEX-supplied full-sample and replicate weights. The
full-sample weights are used in weighted least squares regressions to correct for
heteroscedasticity and to ensure that estimates are representative of the U.S.
population. The replicate weights are employed to ensure that estimators are
unbiased and test statistics are valid because variances within strata tend to be
more homogenous than those found in a simple random sample. According to
Wooldridge (2002, p. 596), when stratified samples are partitioned based on
exogenous variables, standard non-weighted estimators on the stratified sample
are consistent and asymptotically normal. However, the BLS does not release
detailed strata information, and Brogan (1998) and Landis, Lepkowski, Eklund,
and Stehouwer (1982) have shown that ignoring the weighting and sample design
schemes of complex survey data can lead to biased and inefficient estimators, as
well as invalid statistical inferences (see also Sharon L. Lohr (1999)). Non-
weighted results (available from the author) do not materially change the results
presented in this paper.

For the summary statistics on Table 1, because both positive and negative
mean expenditure changes are present, and since a standard software package
cannot be used to compute the significance tests, two-tailed tests are constructed
for all changes rather than individual one-tailed tests. The CEX variable used for
music purchases includes expenditures on “compact discs, tapes, needles, and
records not from a club.” The CEX designation “complete income reporters”
indicates information was provided for at least one of the household’s major
sources of income. The results presented in Table A-1 are used to calculate the
changes in the coefficients (from 1998 to 2003) shown in Table 4 for the below
average and above average samples, respectively.
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Table 6, Pooled Regressions (2003$)

Independent Variable Independent Variable

Intercept 2.18%* I(Year 2001=1) -0.02
(0.08) (0.05)

In(income) 0.10%* I(Year 2002=1) 0.01
0.01) (0.05)
Family Size -0.01%* computer*Year 1995 0.12**
(0.00) (0.05)

Age -0.05%* computer*Year 1996 0.08
0.01) (0.06)
I(computer=1) 0.02 computer*Year 1997  0.13**
(0.04) (0.06)
I[(Year 1995=1) 0.06 computer¥Year 1998 0.13**
(0.05) (0.05)

I(Year 1996=1) 0.04 computer*Year 1999  0.09*
(0.05) (0.05)

I(Year 1997=1) 0.02 computer*Year 2000 0.01
(0.05) (0.05)

I(Year 1998=1) 0.04 computer*Year 2001 0.09
(0.04) (0.05)

I(Year 1999=1) 0.03 computer*Year 2002 0.01
(0.04) (0.05)

I(Year 2000=1) 0.07
(0.05)

No. of Observations: 43,113
RY 006

Table 6 presents WLS estimates of a modified version of model (2) on six years of data (1995 through 2003),

and employs the CEX full-sample and replicate weights. In each column, for the respective independent variables,
the first row presents the estimated coefficient and the second row the standard error. Model (2) is modified by
adding indicator variables for the first eight years of data (YEAR = 1995 through Year = 2002) and by including

interaction variables, whereby each year indicator is multiplied by the computer indicator variable. For all regressions,

the dependent variable is the natural log of real CD expenditures (20038).
* Statistically significant at the 10 percent level
F;* St;}nstlcal y significant at the 5 percent level
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Table 7, Broadband as Additional Control Variable

2001
through
Independent Variable 2001 2002 2003 2003
Intercept 2.28%%  221%k  1.82%* 2.07%*
(0.20) (0.15) 0.14) (0.11)
In(income) 0.11**  0.10**  0.13** 0.11%*
(0.02) 0.01) 0.01) (0.01)
Family Size 0.00 0.02*  0.02%* 0.02%*
(0.01) (0.01) 0.01) (0.01)
Age -0.09%*  -0.08**  -0.04* -0.07**
(0.03) (0.02) (0.02) (0.02)
I(computer=1) 0.10%* 0.02 0.01 0.03
(0.04) (0.04) (0.04) (0.04)
I(High Speed Net=1)  -0.24**  -0.28 0.24 -0.06
(0.11) (0.23) (0.19) (0.12)
Year =2001 - - - 0.06
- - - (0.05)
Year = 2002 - - - 0.02
- - - (0.05)
computer*Year 2001 - - - 0.06
- - - (0.06)
computer*Year 2002 - - - -0.02
- - - (0.05)
No. of Observations: 3,998 4,986 4,839 13,823
R* 0.03 0.05 0.06 0.05

Table 7 presents WLS estimates of a modified version of model (2) on three respective years of data as well as on
pooled data (2001 through 2003), and employs the CEX full-sample and replicate weights (output for time dummies is
suppressed for space considerations). In each column, for the respective independent variables, the first row presents the
estimated coefficient and the second row the standard error. Model (2) is modified by adding an indicator variable for
whether the household reports paying for high speed Internet access (High Speed Net=1). Indicators for years 2001 and
2002, as well as interaction variables, are included when running the model on pooled data. See the main text for data
quality concerns involving CEX households' high speed access. For all regressions, the dependent variable is the natural
log of real CD expenditures (2003$).

* Statistically significant at the 10 percent level

** Statistically significant at the 5 percent level
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