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A hedonic model for Internet access
service in the Consumer Price Index

A hedonic model is presented for use in making direct
quality adjustments to prices for Internet access service
collected for the Consumer Price Index; the Box-Cox
methodology for functional form selection improves

the specification of the model

he practice of making hedonic-based

price adjustments to remove the ef-

fects of quality changes in goods and
services that enter into the calculation of the
U.S. Consumer Price Index (CPI) has to date
focused primarily on indexes for consumer
electronics, appliances, housing, and apparel.
In an effort to expand the use of hedonic ad-
justments to a service-oriented area of the CPI,
this article investigates the development and
application of a hedonic regression model for
making direct price adjustments for quality
change in the index for Internet access servic-
es (known as “Internet services and electronic
information providers,” item index SEEE03).
'The analysis presented builds on past research
in hedonics and makes use of a Box-Cox re-
gression to select a functional form that al-
lows for better estimation than that produced
by standard functional forms. Experimental’
price indexes are constructed with hedonic
regression coefficients to make direct adjust-
ments to CPI price quotes in order to account
for changes in characteristics of Internet serv-
ice access, such as improved bandwidth and
length of service contract. These experimental
indexes are compared with the official index
for Internet access service to measure the im-
pact of hedonic-based quality adjustments on
the CPI index SEEE03.

The Internet access industry

The first commercial services allowing users
to access content with their personal comput-
ers by connecting to interhousehold networks
appeared in 1979 with the debut of Com-
puServe and The Source, an online service
provider bought by Reader’s Digest soon after
the service was launched. The same year also
marked the beginning of Usenet, a newsgroup
and messaging network. Early online services
proliferated during the 1980s, and each al-
lowed users to access a limited network, but
not the Internet.

'The U.S. Government’s ARPANET is com-
monly cited as the beginning of what we
now know as the Internet. The project that
developed ARPANET started in the 1960s
and provided much of the technological and
physical infrastructure for the early Internet.
In 1990, ARPANET shut down, and a National
Science Foundation network took over where
it left off. Taking the final steps to create the
Internet, the National Science Foundation
expanded the network to commercial trafhic
and privatized the Internet backbone in the
1990s.

'The early Internet lacked a convenient in-
terface. In 1990, researchers at the European
Organization for Nuclear Research (Conseil
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Européen pour la Recherche Nucléaire, or CERN) devel-
oped the World Wide Web, a hypertext-based graphical
interface. The World Wide Web provided an easy way to
display and organize information that resided on the In-
ternet. With the 1993 introduction of Mosaic, the first
popular Web browser, the Internet went mainstream.
Many online service providers began including Internet
access with their services, and Americans rapidly signed
on for such access, mostly through dial-up connections.

In the late 1990s, Internet service providers began to
offer high-speed cable and digital subscriber line (DSL)
Internet access to consumers. Cable had a significant mar-
ket share advantage at first, but, according to a May 2006
report by Pew/Internet, DSL has become the broadband
access method of choice, with about 50 percent of the
broadband market, compared with 41 percent for cable.?
'The same report states that 73 percent of Americans have
Internet access in their homes and 42 percent of Ameri-
cans have broadband Internet access.

Prior hedonic studies of Internet access

Several researchers have developed hedonic models for In-
ternet access. Generally, these models either were focused
on dial-up access or were based on a data set that consisted
largely of observations on dial-up access. Greg Stranger and
Shane Greenstein showed that a hedonic price index for In-
ternet access from November 1993 to January 1999 declines
much more than an index that does not account for quality
change.’ Stranger and Greenstein constructed a model with
dummy variables for time-limited monthly access, several
different levels of hourly limits, different types of speed and
forms of access, and each period. Following the time dummy
hedonic index method, the coefficients on the time dummy
variables are interpreted to represent the quality-adjusted
price change. Stranger and Greenstein’s hedonic price index
covers a timeframe that is too early to include any of the
usual forms of consumer broadband access, such as cable or
DSL. The closest they come is 1 year of data on T1 access, a
technology used predominantly by businesses. Stranger and
Greenstein also have data on 64-kbs and 128-kbs Integrat-
ed Services Digital Network (ISDN) lines that, while faster
than dial-up, do not qualify as broadband.

A paper by Kam Yu and Marc Prudhomme similar to
Stranger and Greenstein's produced a hedonic index for In-
ternet access in Canada.* The model included variables for
speed, dedicated lines, hourly limits, 24-hour technical sup-
port, roaming hours, prepaid bulk hours, number of free oft-
peak hours, number of e-mail addresses, amount of Web stor-
age, and installation fees. Yu'and Prudhomme’s index pooled
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all available types of Internet access, but even in 2000, the last
year of the sample, the index was composed primarily of obser-
vations for dial-up access. Although the authors utilized time
dummy variables, they did not make a straight time dummy
index; rather, they used the coefficients from these variables
to adjust prices and then computed indexes with the use of
the adjusted prices. Like Stranger and Greenstein, Yu and
Prud’homme found that the hedonic index decreased faster
than nonhedonic indexes; however, Stranger and Greenstein
did not use a matched model, whereas Yu and Prud’homme
constructed a matched model with few matches, which they
acknowledged likely biased their index.” Despite the meth-
odological differences between the two papers, both showed
that quality-adjusted price indexes for Internet services ex-
hibit larger price declines than those of unadjusted indexes.

Past recommendations for the BLS

'The BLS added an elementary price index for Internet ac-
cess to the CPI in 1997. The Bureau of Economic Analysis
funded a 2002 report by Greenstein that made a number
of recommendations for improving the Internet access
price index.® The analysis that follows addresses several of
the concerns raised in that report. Greenstein identified six
areas in which Internet access issues should be addressed:
speed, availability, contract features, reliability, network ef-
fects, and other features of users’ experiences.” The subse-
quent analysis covers the use of hedonic methods to make
direct quality adjustments to prices used in the calculation
of the index and so specifically addresses issues within two
of Greenstein’s areas: speed and contract features. Green-
stein also raises weighting, sampling, and other issues that
cannot be addressed by a hedonic regression.

Greenstein identifies a number of issues that, though
amenable to a hedonic regression, are nonetheless hard to
assess. For instance, while consumers benefit from hav-
ing a larger number of choices in accessing the Internet,
there is little reliable data available on local or regional
Internet penetration and availability of service. The Fed-
eral Communications Commission (FCC) releases data on
the number of broadband service providers within a given
zip code, but the methods it uses has many critics, includ-
ing the General Accountability Office, which took issue
with those methods in a May 2006 report. As Greenstein
wrote, assessing exactly how much a consumer benefits
from additional choices, even with good data on service
availability, cannot be easily accomplished. Likewise, ac-
cording to Greenstein, quality change related to service
reliability, network effects, and features such as additional
e-mail addresses, pop-up ad-blocking software, and in-



stant messaging cannot be reliably estimated. Moreover,
many of the extra features that once came as part of a
service agreement can now be obtained for free. For ex-
ample, users can get e-mail accounts with large—even un-
limited—data storage limits for free from companies like
Google, AOL, and Yahoo. Services for instant messaging,
online file storage, picture sharing, and antivirus software
also can be had free of charge. With many services now
offered free of charge, the aforementioned features do not
play as large a role as price-determining characteristics as
they once did.

Greenstein also recommended that the CPI use broad-
band as a comparable replacement item for dial-up once a
quality adjustment is applied to account for the improved
speed of broadband. Although this issue is amenable to
a hedonic regression, making the necessary adjustments
would involve creating a hedonic model that covers both
broadband and dial-up, and such a model would estimate
dial-up and broadband speed with the same continuous
function. Past research suggests that dial-up and broad-
band Internet access can be considered difterent goods;®
therefore, their components should not be treated equally.

Another of Greenstein’s recommendations was that the
CPI should do a better job of taking into account con-
tract features. Greenstein focuses mainly on the issue of
contracts with hourly limits; however, he notes that, al-
though such limits were an important feature of Internet
contracts in the 1990s, these sorts of agreements have be-
come rare and are probably no longer relevant.” Moreover,
while some dial-up agreements in the CPI sample from
late 2006 still have hourly limits, none of the broadband
agreements impose these restrictions.

Although hourly limits no longer play much of a role
as a contract feature, broadband service plans often come
with set contract lengths. Service agreements in the sam-
ple range from 1 to 15 months. Consumers benefit from
the greater flexibility of shorter term agreements that do
not lock them into one form of service and preclude other
options. They also pay a premium for shorter term serv-
ice agreements. Hedonic quality adjustments for changes
in service contract lengths allow the index to reflect the
changes in contract value from changes in term-length
agreements.

As Greenstein acknowledged, there is no consensus on
how to measure Internet access speed.' Most Internet us-
ers are familiar with bandwidth measures such as 56 kilo-
bits per second or 5 megabits per second. These measures
do not fully represent the speed of an Internet connec-
tion. Bandwidth indicates only a connection’s throughput;
it does not give any indication of the connection’s latency.

Although throughput measures the amount of informa-
tion that can be transferred, latency represents the actual
speed at which information travels. A frequently used
analogy compares Internet access to plumbing. A service
with high throughput can be likened to a pipe with a large
diameter. Such a pipe can move a large amount of water
at once, but the rate of flow might be slow. In order to
move a large amount of water quickly, the pipe must both
be wide and have a high rate of flow. Similarly, in order to
move information quickly, an Internet connection needs
to have both high throughput (a larger pipe) and low la-
tency (a fast rate of flow). While most consumers place
their focus on throughput, having a low latency connec-
tion can be particularly important for certain applications,
such as Voice over Internet Protocol (Internet telephony),
remote computer access, and gaming, in which the quick
relay of information is very important.

Despite the inadequacy of bandwidth as a measure of
Internet access speed, no other measures can be readily
obtained. For the models estimated and described in this
article, bandwidth will serve as a proxy measure for speed.
While technically questionable, bandwidth seems a reason-
able proxy because Internet service providers generally use
estimated upper bandwidth rates when advertising their
services, and consumers make their decisions with band-
width as their primary measure of Internet access speed.

Dial-up and broadband: comparable services?

Although Greenstein recommends that the CPI treat dial-
up and broadband as equivalent services (in terms of the
value of their bandwidth), a debate has grown over wheth-
er the two can be compared as substitutes for each other.
Jerry A. Hausman, J. Gregory Sidak, and Hal J. Singer
argued that, in the context of government market power
regulation, dial-up and broadband are distinct goods
that cannot be directly compared.” To support treating
broadband and dial-up as distinct items, they estimated a
regression with the logarithm of cable broadband price as
the dependent variable and the logarithm of narrowband
price as one of the independent variables. The regression
failed to find any statistically significant impact of the
price of narrowband on the price of cable broadband in
the same area. The authors assert that this finding implies
that the two types of Internet access are distinct goods.'?

A 2002 report by Pew/Internet also concluded that
broadband and dial-up users have different Internet us-
age patterns. Broadband users not only spend more time
doing a variety of basic activities online, but are far more
likely to use high-bandwidth features such as gaming and
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streaming media."

Treating the value of bandwidth as equivalent across
dial-up and broadband would disregard the empirical
and theoretical evidence indicating that the two Internet
services are distinct. Users would be expected to value an
increase in broadband bandwidth differently than they
would an increase in dial-up bandwidth. Internet users
also have different uses for different levels of bandwidth.
While lower levels of bandwidth, like those available to
dial-up users, may be sufficient for certain activities (such
as e-mail, online banking, online shopping, and check-
ing weather reports), users with broadband bandwidth
can employ their higher speeds to access content (such
as streaming audio-video and gaming) that dial-up us-
ers cannot access—at least not without prohibitively
long waiting periods. Consumers can be expected to
give different values to the different uses of high and low
bandwidth. Estimating the value of bandwidth with the
same continuous linear function across two distinct levels
of bandwidth would likely provide a flawed estimate of
bandwidth’s value.

Another problem is that dial-up and broadband mar-
ket structures differ. Tom Downes and Shane Greenstein
found that 92 percent of people in the United States live
in areas with competitive dial-up markets."* In contrast,
the market for broadband tends towards a duopoly, with
consumers facing the choice between one cable provider
and one DSL provider.”® Although competition among
suppliers may not be classified as a consumer preference,
such competition will at least affect the price data used in
data analysis. Nestor M. Arguea, Cheng Hsiao, and Grant
A.Taylor argued that arbitrage would create linear pricing
in competitive markets, so a hedonic model can be ex-
pected to have a linear functional form.'® Sherwin Rosen
also noted that a hedonic model will be linear if arbitrage
in the characteristics is possible.'” Jack Triplett, by con-
trast, cautions against the assumption of linearity, because
characteristics in hedonic models are rarely truly open to
competitive arbitrage. Triplett uses the example of a car
and its engine; hypothetically, the two could be bought
separately, but such a purchase would be impractical and
expensive.'® Setting the specifics of these arguments aside,
past research has shown that market structure relates to
functional form in hedonic models. Attempting to fit
price data produced in two different market structures
with a regression that accommodates only one functional
form will lead to misspecification.

In addition, combining dial-up and broadband Inter-
net service into a single model does not make practical
sense for the BLS. Setting aside theoretical arguments
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against quality adjusting for a change from dial-up to
broadband service, a regression model covering both
types of service would make such an adjustment techni-
cally possible; however, the opportunity to make this type
of adjustment might never come. There were no cases of
substitution between dial-up and broadband services in
the 2 years of data examined for this study. Of course, such
a result could be expected because the BLS computes the
CPI with a “matched-model” method in which prices are
collected for the same unique good or service from the
same outlet on a repeated basis. Many dial-up providers
have no broadband offering, and others offer broadband
only within certain geographic areas. Given the tendency
of Internet service providers to focus on either dial-up or
broadband service, few changes in type of service would
be expected within the CPI sample.

Given, then, the differences in market structure of
broadband and dial-up (with broadband in a duopolistic
market and dial-up in a relatively competitive one), as well
as the differences in the way consumers use the two services,
combining them into a single model would be theoretically
problematic. A combined dial-up and broadband model
would have a weaker theoretical foundation and offer lit-
tle, if any, practical benefit. For these reasons, dial-up and
broadband are treated as entirely distinct services in this
article, with all analysis focusing on broadband services.

Functional form and the Box-Cox transformation

'The theory behind hedonic regression has offered little
guidance in selecting the functional form for hedonic
models. As mentioned in the previous section, a competi-
tive market implies a linear model if arbitrage is not hin-
dered by bundling, but few markets are truly competitive.
Without standards derived from theory, the BLS has gen-
erally employed a semilog functional form in the hedonic
models it uses to directly adjust prices in the CPI. Other
researchers have used goodness of fit as the standard for
selecting functional form in hedonic models.”” In hedon-
ics research, Box-Cox regression has been a particularly
popular method of finding an appropriate functional form
based on goodness of fit.

Various Box-Cox transformations have been recom-
mended as the preferred functional form for hedonic re-
gressions, in part because they allow for some flexibility.
For v'%, a basic Box-Cox transformation on a single vari-
able, the transformation is defined as

)\'_
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A more complex version transforms both sides of the
equation with different parameters.In this article, A denotes
the Box-Cox transformation parameter on the dependent
variable while 6 denotes the Box-Cox transformation pa-
rameter on independent variables. Such a transformation
for nonzero values, with logarithms providing the trans-
formation when A is zero, can be represented as®
P -1

A
Y -1 K X
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A i=l

+3y.D, + forhand 0£0.  (2)
s=1

Equation (2) will be referred to as an unrestricted Box-Cox
(uBC) model, to distinguish it from three other transfor-
mations. A restricted Box-Cox (rBC) model requires that
both sides of the equation, excluding dummy variables,
be transformed by the same parameter (that is, rBC = uBC
with the restriction that A = 0):
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A left-hand Box-Cox (IhBC) model transforms only the
dependent variable and leaves the independent variables
unaltered:
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A right-hand Box-Cox (rhBC) model transforms only the
continuous independent variables:
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In each of these models, the statistical software uses
an iterative process to select the Box-Cox parameter val-
ues with the best fit, based on maximum likelihood. The
Box-Cox form accommodates data in multiple functional
forms, and certain Box-Cox parameter values are associ-
ated with basic functional forms, including the linear, log-
log, and semilog forms. An rBC model represents a linear
model when the transformation parameter equals 1 (A =
1); an rBC model is equivalent to a log-log equation when
the transformation parameter equals 0 (A = 0). An [hBC
model is equivalent to a left-side semilog model when A =
0; an 1hBC model represents a linear form when A = 1. An
rhBC model represents a linear form when 6 = 1; an rhBC

model is equivalent to a right-side semilog model when
0 = 0. An rhBC represents a reciprocal functional form
when 0 = —1. A uBC model, the most general Box-Cox
form used here, can represent any model represented by
a uBC, an lhBC, or an rhBC model. As mentioned earlier,
a uBC model is an rBC model when it has the restriction
that A must be equal to 6. A uBC model represents an
IhBC model when 0 = 1; a uBC model represents an rhBC
model when A = 1.

Box-Cox regression can be used both as a test of func-
tional form and as a form in itself. Because the Box-Cox
regression can represent the standard functional forms,
it can find whether any of these forms are appropriate
and, if so, the one that works the best. For instance, if
the Box-Cox regression returns values of 0 for both A and
0, then a log-log model is indicated. In his handbook on
hedonic price indexes, Triplett offers further discussion
of the Box-Cox regression as a test of functional form in
hedonic models.*

If the Box-Cox regression rejects all the parameter
values associated with the standard functional forms, the
parameter values it returns can still be used to represent
alternative forms. The use of Box-Cox transformations as
the functional form of choice (and not just a test) in he-
donic regression generally receives strong support in the
literature. The 1988 work by Maureen L. Cropper, Leland
B. Deck, and Kenneth E. McConnell has often been cited
for its recommendation of a Box-Cox transformation in
hedonic models. In this work, the authors found that a lin-
ear Box-Cox function performs better than linear, semilog,
double-log, quadratic, and quadratic Box-Cox functions.
They also found that a linear Box-Cox function performs
well in estimating marginal attribute prices, even in the
case of specification error. In contrast, the quadratic Box-
Cox form has similar goodness of fit, but provides biased
results in the presence of specification error.> Cropper
and her colleagues attempted only one form of the lin-
ear Box-Cox transformation, the uBC,? and therefore do
not offer any insight into whether the uBC, rBC, or some
similar form is the best linear Box-Cox transformation.
Without a clear, preferred Box-Cox form defined in the
literature, the study described herein uses best-fit criteria
to determine the appropriate functional form.

Data

Data for this study were extracted from the official CPI
database during November 2006. Data from that month
and bimonthly sampled quotes from October were com-
bined into a preliminary data set for the index category
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“Internet services and electronic information providers”
(formerly known as “other information services”). These
data were then pared down into a data set of 139 broad-
band price quotes covering three types of Internet access.
Cable Internet access, with 94 quotes, accounted for 67.6
percent of the data. DSL followed with 41 quotes, or 29.5
percent, and the remaining 4 quotes were for satellite In-
ternet access. In comparison, when the Pew Internet Proj-
ect first surveyed relative cable and DSL Internet usage
in March 2003, it found that 28 percent of broadband
subscribers used DSL and 67 percent used cable. In March
2006, the same survey found that DSL’s market share had
increased to 50 percent while cable’s share had fallen to 41
percent.? These numbers suggest that the CPI data may be
a bit out of step with current trends, but quite representa-
tive of the market a few years ago. The close relationship
between the CPI sample and the market several years ago
should be expected, because the CPI sample rotates con-
tinually over a 4-year cycle, so some quotes may be based
on expenditure data from several years earlier. Also, the
time needed to complete expenditure surveys and incor-
porate their results into the sample extends this lag.

'The four satellite Internet service quotes were dropped
from the data set because satellite service does not seem
to compete directly with the other forms of broadband.
Satellite Internet is more expensive and slower than both
DSL and cable broadband. Its market is generally limited
to rural areas that lack access to other methods of fast In-
ternet service. Given the differences in market and market
structure, the satellite Internet quotes were dropped from
the sample used for hedonic regression, leaving 135 quotes
in the final data set slated for regression modeling.

'The data included several variables in addition to each
service plan’s price, which in turn included additional
fees for services such as modem rental and installation.
Each quote had information on a number of service plan
characteristics: connection speed, length of the contract,
promotional pricing, whether the plan came as part of
a bundled package that included cable television and/or
telephone service, and more. If information on any of
these characteristics was missing or suspicious—such as
listing an extremely slow or fast connection speed—the
information was verified by going to the service provider’s
Web page and collecting the proper data value.

The variable “bandwidth” is a continuous measure of
the reported download bandwidth in kilobytes per sec-
ond. In the sample, reported bandwidth ranged from 256
kbps for low-level DSL plans to 10 mbps for the fastest
cable connections. Although cable tends to be faster than
DSL, it is not always so. The fastest DSL observation was 5
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mbps, while the slowest cable observation was 300 kbps.

Many broadband providers offer Internet service in
packages bundled with various combinations of television,
landline telephone, and mobile telephone services. Ob-
servations in the sample were considered to be bundled
it the price listed for Internet service was a component
of an explicit package offer or if the price was listed at a
discount for customers who subscribed to another serv-
ice. The sample contained no observations bundled with
mobile telephone service. Of the paired-service packages,
whenever Internet service was bundled with either tele-
phone or subscription television services, all of the obser-
vations bundled with television services were from cable
broadband providers and all of the observations with tele-
phone service bundling were from DSL providers. Only
two “triple-play” packages (packages with Internet, televi-
sion, and telephone services in a single bundle) were in
the sample, and both were from cable companies.

A dummy variable represented television bundling in the
regression models. No variable for telephone bundling was
used. Preliminary models showed that bundling an Internet
service with telephone service did not have a significant im-
pact on the listed price of the Internet service. This finding
may be explained in part by the fact that, in order to get DSL
service, customers must also pay for a telephone line with their
DSL provider. At the time this article was written, very few
companies offered stand-alone DSL, known as “naked DSL,”
and there were no such packages in the sample. Even when
not explicitly sold as part of a bundle, DSL service essentially
came in tandem with telephone service. Thus, even limiting a
dummy variable to representing the telephone service in the
triple-play packages did not produce statistically significant
results, so only the dummy variable representing bundling
with television service was used in the regressions that were
carried out for this study.

Most of the observations in the sample represented In-
ternet service from either cable television companies or large
telephone companies. A few companies lease communications
infrastructure from major broadband providers and sell their
own Internet service. The dummy variable “other ISP”indicates
an observation with service from one of these providers.

Several different semilog models were specified, and the
results from these models are presented in table 1. First,
Model 1, consisting of only the theoretical model vari-
ables, was estimated. Second, control variables for Census
Bureau region and city size, wherever the data were col-
lected, were added to Model 1 to produce Model 2. Finally,
after the results of Model 2 were reviewed, Model 3 was
specified, using the theoretical model variables and the
only significant control variable: the dummy variable for



the Western region.

Four different forms of the Box-Cox transformation
were attempted with the variables from Model 3: a trans-
formation on the dependent variable alone (IhBC); a trans-
formation on the continuous, independent variables alone
(rhBC); transformations using the same value on both sides
of the equation (rBC); and transformations using different
values on both sides of the equation (uBC). The results of
these transformations are presented in table 2.

The statistical software tests null hypotheses that the
Box-Cox parameter(s) for an estimated model is/are equal
to —1, 0, or 1. The results from these hypothesis tests can
act as tests for functional form. The rBC and uBC results

Regression results: semilog models
Variable Model 1 Model 2 Model 3
Constant......ceeereerennene 3.837417 '3.816153 3.820113
(80.27) (53.76) (84.06)
Bandwidth.........cccocouue.... 2,000017 20000188 .0000185
(2.10) (2.14) (2.42)
Promotional price......... -.3865237 '-.4407197 1-4366383
(-9.77) (-11.08) (-11.06)
Bundled television........ '-.1637662 '-.1638882 -,1677243
(-4.05) (-4.03) (-4.39)
Contract months........... '-.0147753 '-.0126181 '-.0132862
(-2.98) (-2.58) (-2.82)
DSL cuverrrererenreresaesassssesaesens '-.3636489 -.4271105 '-.4137092
(-7.61) (-8.62) (-8.82)
Other ISP 1-.2381208 1-.234327 1-.2100399
(-3.13) (-3.09) (-2.90)
WEST ...eereeterererersesseenens — 11847002 11676677
(3.19) (3.99)
MidWest.......oevverreerreenrrnns — .0082532 —
(.17)
SOULN et — .0656907 —
(1.12)
BSiZE..uereeeeeereeeeerinrene — -.0741243 —
(-1.57)
CSIZEurrrnrrrrrenresrreressensens — -.0316996 —
(-.48)
R-squared.......oeernnees 7073 7456 74
Adjusted R-squared ... 6936 7229 7256
F-statistiCumnnrrenrrrreernnene 51.56 32.78 51.63
' Significant at the 1-percent level (two-tailed test for control variables,
one-tailed test for others).
2Significant at the 5-percent level (two-tailed test for control variables,
one-tailed test for others).
NoTe: t-statistics are in parentheses. West, Midwest, and South are cen-
sus regions. Dash indicates variable not used in model.

rejected Box-Cox transformation parameters of 1, 0, and
1. Because a parameter value of 1 represents a linear model
and a parameter value of 0 represents a log-log model, the
rBC and uBC regression results indicate that the linear and
log-log transformations would not be appropriate here. The
tests for the IhBC model also rejected A values of -1, 0, and
1. Because a A value of 0 represents a semilog model, such a
model also can be eliminated as an appropriate functional
form. The significance tests for the rthBC transformation
model failed to reject any of the parameter values, so that
model provided no useful tests of functional form.

As tests of functional form, these Box-Cox regressions
eliminated the standard linear, log-log, and semilog forms.
While Box-Cox regressions can be used to test functional
form, they also can be used as functional forms themselves.
Standard functional forms are usually preferred for the
sake of parsimony, but the simpler forms were all rejected.
Though more complex, the estimated Box-Cox models
provide transformations that fit the data best. To help se-
lect the appropriate Box-Cox model from the four dis-
cussed earlier, the Akaike information criterion (AIC) and
the Bayesian information criterion (BIC) were used.” As
shown in the following tabulation, the rBC had the lowest
AIC and BIC values, suggesting that it provides the best
transformation:

Model AIC result BIC result
Right-hand (thBC) ........... 877.95950 880.86478
Left-hand (1hBC) .... 870.44479 873.35006
Restricted (rBC) ... . 868.84819 871.75346
Unrestricted (uBC) ............ 869.89652 875.70707

However, these information criteria are sensitive to differ-
ing functional forms, so comparing the values across mod-
els is not entirely accurate. The rBC found a significant
value for a parameter that transformed both sides of the
equation, but the uBC value for the right-hand parameter
was not significant. Thus, the rBC seems preferable be-
cause it transforms both sides of the equation and does
not have an insignificant transformation parameter, as the
uBC does.

i1 WM Hypothesis tests for Box-Cox transformations

. L L _
Transformation A 0 H, equation Chi? statistic for rejecting H, when X standard functional
1 0 -1 forms rejected
[[]: s '0.4610551 A=X 8.72 7.55 81.41 Semilog and linear
-1.724741 6=X 1.21 .05 .07
2401735 2401735 A=0=X '10.32 2573 178.82 Log-log and linear
24210553 -.3620293 A=60=X 11.27 26.68 79.77 Log-log and linear

' Significant at the 1-percent level.

2 Significant at the 5-percent level.
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As noted in table 2, the rBC selected 0.401735 as the
value of A that produced the best transformation. The
Box-Cox procedure also produced probability values for
the coeflicients on the basis of chi-square tests, because
using ordinary least squares estimates of coefficient vari-
ances produces inaccurate measures of significance.? The
results of this regression are presented in the following
tabulation (superscript 1 indicates significance at the 1-
percent level, superscript 2 at the 5-percent level):

Regression result,

Variable final model
Constant .....cceeeeveeeveeereeenns 8.575593
Bandwidth ....cccovvenvinnnne. 1.0117482
Promotional price .............. 1-1.7730443
Bundeled television ............ 1-7251095
Contract months ............... 2—.1189097
DSL veienieeeeieeeeieeee e 1-1.675438
Other ISP ..vevieie e 1-.8505007
WESE v 16512617
A e e 2401735
p-value for A ..o, .022

No probability test was run on the constant, but all coef-
ficient values were significant at the 1-percent level except
tor the coefficient for contract months, which was signifi-
cant at the 5-percent level.

This estimated rBC model can be used to find implicit
prices for the characteristics of an Internet service plan.
'The price of a characteristic is estimated with the implicit
price derived from a hedonic equation. Let

Y -1 X% -1

:a+§BZ +iyst+a forOandA#0 (6)
z=1 s=l1

be an equation for a uBC. Then the implicit price for a

continuous characteristic X, is calculated by taking the

partial derivative of the price Y with respect to X,

24 —p. Xy
aXZ z z -

(7)

Or, similarly, for partial derivatives with respect to dummy
variable characteristics,

Y .
D Y Y (8)

These formulas can be applied to an rBC model by invok-
ing the restriction A = 0. Based on the partial-derivative
formula for a continuous variable, the marginal price of

bandwidth is

40 Monthly Labor Review - July 2008

aiy =0.011748 X0.40173571Y170,401735
ax. = :

©)
This formula incorporates the original item’s price and
bandwidth. One can visualize the formula by plotting the
marginal price curve of bandwidth (the cost of an increase
of 1 kilobit per second) and observing how the resulting
curve varies with changes in initial price and bandwidth
in a two-dimensional representation. Chart 1 illustrates
how the marginal price of bandwidth in this rBC model
depends on both the initial price and the initial band-
width. In the model, the marginal price of bandwidth is
higher at lower initial bandwidths and higher at higher
initial prices. In contrast, chart 2 illustrates how marginal
price in a semilog model (with a logged dependent vari-
able) is dependent upon the initial price only and does
not vary with the initial speed. Together, the two charts
highlight how the estimated rBC model accommodates
the diminishing marginal price of bandwidth while the
semilog model does not.

Experimental price index estimation

'The theoretical literature on hedonic regression and price
indexes presents a variety of methods for incorporat-
ing hedonic methods into price indexes. Some of these
methods involve creating an entire price index through a
hedonic regression, but the BLS uses hedonic regressions
to make direct adjustments to prices only when an item
(or, in this article, a service) is replaced by a new item (or
service).

Price indexes generally use a price relative—the ratio
of the current-period price (PW) for an item 4 to its price
(P,,,) in the previous period—to measure the change in
the price of the item. If item 4 is phased out and replaced
in the current period by an item 4, the price of 4 must be
adjusted for the difference in the value of features between
a and 4. For example, if 4 is identical to 4, except that it in-
cludes an improved characteristic Z, then the unadjusted
price relative, P, /P, would not take the improvement
in 4 into account. To account for the difference in char-
acteristics, a2 hedonic model is used to estimate what the
price of « in the previous period would have been had a
included characteristic Z. This model allows prices from
the two periods to be compared as if the same item were
being priced in both periods. The adjusted price relative
is the ratio of the current-period price of item & to the
previous-period price of item 4, adjusted by the imputed
value, P_ , an estimate of the value of characteristic Z.

zt-17

This new price relative can be represented as P, /(P +
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P_, ). In order to calculate an adjusted price relative, P, ,,
the previous-period value for the new characteristic must
be calculated.

The regression coeflicient for a variable can be inter-
preted by taking the partial derivative of the dependent
variable with respect to a given independent variable. In
a hedonic model, the partial derivative of a characteristic
can be used to find an implicit price for a characteristic.
One method of incorporating quality adjustments involves
using such implicit prices. For dummy variables, the qual-
ity adjustment for the addition of a characteristic would
simply be the value of the partial derivative (equation 8).
For continuous variables, the implicit price is found by
calculating the partial derivative (equation 7) and multi-
plying it by the change in value of a characteristic between
an old and a new item:

_ ayt—l
zt=1 ax (

zt_ zll)

(10)

z,t-1

The total quality adjustment is calculated by adding the

quality adjustments for each characteristic:

a,
z ztl_Zax zt

z=1 z,t-1

t](D

X, 1)+Z -D,, ). (11)

An experimental index was created with this method, with
the implicit prices derived from the estimated rBC model
presented in the tabulation on page 00. This index will be
referred to as the marginal Box-Cox index.

A second experimental price index, referred to as the
semilog index, was created on the basis of the predicted
price from Model 3 of table 1. The BLS usually calculates
an adjusted price (P, ) by taking the item's previous-
period price (P, ) and multiplying it by the mathemat-
ical constant e to the power of the difference of the sum of
the product of the replacement item’s characteristics (X, )
and their respective coefficients and the sum of the prod-
uct of the previous item’s characteristics (le) and their
respective coeflicients:

_p (12)

previous

F, adjusted

Equation (12) is derived by dividing the model equation
for the predicted price of the replacement item, P, replcement
= PhXarere by the model equation of the previous price,

— S S . The result is an estimated value for
the price of the replacement item, based on the previous
price. The process can be viewed as effectively adjusting
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the previous-period price for the changes in characteris-
tics. The quality adjustment, which is the sum of the in-
dividual values for the changes in characteristics, can be
found by subtracting the price of the previous item from
the adjusted price, which is the same as the predicted price
of the replacement item:

Z Pz,H =

Padjustcd - previous *

(13)

'The formula for the semilog index can be used only when
the dependent variable (the price in a hedonic regression
model) is transformed by a natural logarithm.

A third experimental index, referred to as the predicted-
price Box-Cox index, was created by developing a formula,
similar to equation (12), that relates the previous-period
price of an item to the predicted price from a Box-Cox
model (note that (0) denotes a Box-Cox transformation
by the parameter 0, while A is simply the value of the pa-
rameter A):

1

Padjusted = I}‘( ZB X(e) Z]BzXS?t) 1) + prevnous] for L #0. (14)

Equation (14) was der1ved by takmg the model equation
for the replacement item, P%)camen = ZB X +a+e, and sub-
tracting t the model equation for the previous- penod price,
P s = ZBZX O, +a+z . With the observed previous-period
price and the characteristic information for both items
substituted into the formula, the formula predicts a price,
denoted P . ., that represents the previous- period price
had the item included the replacement item’s character-
istics.

The predicted-price method of calculating adjust-
ments provides a more accurate estimate of quality-ad-
justed prices than does the marginal-price method. The
latter calculates the value of a characteristic at an initial
point and assumes that the value remains the same. For
example, in the rBC model, the value of an additional 1
kbps for a $30/month service plan that already ofters 1
mbps (1,000 kbps) can be estimated with equation (9).
Substituting 30 for the value of the initial price Y and
1,000 for the value of the initial bandwidth X results
in an estimate of $0.001441738 for the marginal value
of the bandwidth. If the same plan were increased by
1,000 kbps instead of 1 kbps, the estimated quality ad-
justment for the increased speed would be 1,000 times
$0.001441738, or $1.441738. This calculation assumes
that the one-thousandth additional kbps is valued the
same as the first additional one. However, the model



predicts that the value of an additional kbps added to a
$30/month service with a speed of 1,999 kbps would be
$0.000952622, about a third less than the value assumed
under a marginal price adjustment.

The Box-Cox predicted-price method (equation 14)
avoids the problem of dynamic marginal values, because
it is based on undifferentiated Box-Cox models instead
of the differentiated version (equation 11) used to calcu-
late marginal prices. These adjustments could be made by
taking the model equation and substituting the charac-
teristics of the new item into each variable to find the
predicted price of the new item, doing the same to find
the predicted value of the old item, and then determin-
ing the quality adjustment by taking the difference of the
two predicted values. By combining the formulas for the
predicted prices of the old and new items, the calculations
can be simplified so that only the variables for character-
istics that change between the old and new items need to
be entered into the price adjustment formula.

Although a predicted-price formula is used to calculate
the quality adjustments on the basis of the semilog model,
the adjustments will not reflect changes in the value of
characteristics, because the semilog model itself assumes
that the value of one unit of a characteristic will remain
constant no matter the value of a characteristic variable.
Going back to the earlier example and using semilog
Model 3 indicates that a 1-kbps increase in a $30/month
service will be valued at $0.000555 (that is, 0.0000185
x 30), but, unlike the Box-Cox model adjustments, the
value for 1 kbps will be the same whether it is added to a
100-kbps service or a 5,000-kbps service.

All item replacements within the item index category
“Internet services and electronic information providers”
between December 2004 and January 2007 were revalu-
ated in light of the findings of the hedonic models. Forty-
four item replacements qualified for adjustment. The co-
efficients from the Box-Cox (see tabulation on page 40)
and semilog (table 1, Model 3) models were utilized to
calculate quality-adjusted prices. The results of these ad-
justments were then used to calculate three experimental
indexes corresponding to the three methods of adjust-
ment discussed here: the marginal Box-Cox, predicted-
price semilog, and predicted-price Box-Cox adjustments.

The difference between the experimental indexes and
the official CPI for this index category is interpreted as
a measure of the impact of adjusting for quality change.
Table 3 summarizes the three experimental indexes by
the type of regression model and the method used for
quality adjustment.

The overall impact of these changes was small. The
official CPI for the category “Internet services and elec-
tronic information providers” fell 24.451 percent between
December 2004 and January 2007. In comparison, the
marginal Box-Cox, the semilog predicted price, and the
predicted-price Box-Cox indexes fell 24.594, 24.612, and
24.575 percent, respectively, over the same period.

The difference between the percent change of the ex-
perimental indexes and the percent change of the official
index is referred to as a discrepancy. The discrepancies
produced by the three experimental indexes are listed in
table 3. Compared with the official index, the semilog in-
dex displayed the largest absolute difference, a downward
discrepancy of 0.1613 percentage point over the 2-year
period. The marginal Box-Cox index produced a slightly
smaller downward discrepancy of 0.1429 percentage point,
while the predicted-price Box-Cox index had a slightly
smaller discrepancy with the official index, falling 0.1239
percentage point more than the published number.

The experimental indexes decreased more than the of-
ficial index because they took account of quality change
that the official index missed. Of the 44 item replace-
ments that were selected for reevaluation, 40 were origi-
nally deemed comparable to the official index. In such
cases of comparable replacements, the price change from
the old to the new item is treated as if the old item had
not been replaced. No quality adjustment was made for
these replacements, and the price relative was calculated
under the assumption that none of the price change was
attributable to quality change. Twenty-nine of the com-
parable replacements had improvements in bandwidth. In
these cases, the price relatives, and thus the official price
index, exhibited an upward bias because they did not take
into account quality improvements in bandwidth.

Three of the four noncomparable replacements had
price relatives imputed by cell-relative imputation, mean-
ing that they were essentially dropped from index calcu-

IELIEER Summary of experimental indexes

Experimental index Model for quality Quality adjustment Discrepancy with official
adjustment method index over 2 years
(1) BCmarg Box-Cox Marginal price -0.1429
(2) Semilog Semilog Predicted price -0.1613
(3) BCpred Box-Cox Predicted price -0.1239
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lations for one period. When a price change is dropped
from an index, the price change is basically imputed from
the price change in similar items that either were not
replaced or had comparable replacements. The remain-
ing replacement had a price change imputed through the
class-mean method, an imputation method that uses the
price changes from comparable or quality-adjusted re-
placements to estimate a noncomparable replacement’s
price change.?” In his handbook on price indexes, Triplett
notes that both class-mean and cell-relative imputation
can lead to bias, although the direction of the bias may not
be clear and depends on the particular circumstances.?®
Thus, even though the preceding replacements were not
treated as comparable, they may still have contributed bias
to the official index.

The item replacements in the sample generally show a
trend of improvements in service quality in the form of
increased bandwidth rates. The official index missed most
of this trend because faster service was often treated as
comparable to slower service. Using the hedonic adjust-
ments to reevaluate these replacements produces an index
that decreases faster than the official index by alleviating
at least some of the upward bias created by ignoring the
improving quality of Internet service.

Comparing the three experimental indexes reveals that
the semilog index, falling more than the other indexes,
produces the largest downward discrepancy with the offi-
cial index. The semilog regression does not accommodate
the diminishing marginal price of bandwidth, so the semi-
log model will produce price estimates that are too low
at slow bandwidth rates and too high at high bandwidth
rates. Under this model, adjustments are made without
regard to the initial amount of bandwidth. For example,
given the same initial price, the quality adjustment for
increasing a 1-mbps service to 2 mbps will be the same
dollar value as the adjustment for increasing a 14-mbps
service to 15 mbps. Adjustments to faster services appear
to be overestimated, and the semilog index falls too fast
as a result.

Similarly, the marginal Box-Cox method seems to be
biased downward. Although it does allow for the mar-
ginal price to vary with the initial bandwidth rate, it does
not account for changes in marginal price in going from
one bandwidth rate to another. When there is diminish-
ing marginal price, which is suggested by the model for
the bandwidth of interest here, the marginal Box-Cox
method will overestimate the price change associated
with increased bandwidth.

The predicted-price Box-Cox index decreases faster
than the official index because it incorporates many of
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the quality improvements missed in the official index.
However, it decreases less rapidly than the other experi-
mental indexes because it accommodates the diminishing
marginal price of bandwidth, whereas the semilog index
does not, and the marginal Box-Cox index accommodates
diminishing marginal price only in the initial bandwidth.
By fully accommodating changes in marginal value, the
predicted-price Box-Cox index avoids the downward bias
of the other two experimental indexes.

Chart 3 shows the running discrepancies between the
experimental indexes and the official index. The discrep-
ancies are given by the percentage-point change in the
official index from December 2004 to the given month,
subtracted from the percentage-point change in the ex-
perimental index over the same period. After several
months of consistent downward discrepancies compared
with the official index, the experimental indexes began
to move higher, closer to the official index. Adjustments
made in these months demonstrate why hedonic adjust-
ments will not always push an index downward.

In December 2006, all the experimental indexes in-
creased relative to the official index. The December 2006
change is due entirely to a single replacement wherein
the estimated value of increasing a $35-per-month plan’s
connection speed to 3 mbps from 384 kbps was imputed
as $12.27 by the marginal Box-Cox adjustment, $8.48 by
the predicted-price Box-Cox adjustment, and $6.69 by
the semilog model. The marginal Box-Cox adjustment
was the largest because it uses the estimated marginal
value of bandwidth at 384 kbps as the estimated value
for each 1-kbps increase. The predicted-price Box-Cox
adjustment is less than the marginal Box-Cox adjustment
because the value of bandwidth is estimated as the esti-
mated difference between bandwidths at 3 mbps and 384
kbps. The semilog adjustment gives the lowest estimated
value because it holds the value of bandwidth fixed and
does not account for the fact that the value of increased
bandwidth added to a very low connection speed will be
relatively high. However, none of the models attributes all
of the real-world price difference between the two serv-
ices to the value of greater bandwidth. The faster service
was $15 more than the original service it was replacing.
Although this replacement was deemed noncomparable
in the official index, and its price change was imputed, in
the experimental indexes the foregoing estimated values
were subtracted from the $15 increase and the remaining
price differences were shown as price increases.

In the next month, January 2007, the experimental in-
dexes had another large increase relative to the official in-
dex.The increase came from a single replacement in which
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an Internet service package bundled with cable television
replaced an 4 la carte offering. In the official index, this
change was considered comparable, so the $17 price de-
cline from the a la carte service to the cheaper, bundled
service was reflected in the index. In the experimental
indexes, the regression models were used to offset some
of this price decline by estimating the expected price dif-
terence between Internet service sold a la carte and Inter-
net service bundled with television service. The marginal
Box-Cox, semilog, and predicted-price Box-Cox models
respectively estimated $8.39, $9.26, and $8.05 price de-
clines. In each case, the associated experimental indexes
reflected price decreases by the portion of the $17 decline
not offset by these estimates. The official index showed the
entire $17 as a price decline, so the hedonic adjustments
effectively pushed the experimental indexes upward rela-
tive to the official one.

Depending on the circumstances, hedonic adjustments
can move an index in either direction. The adjustments
used to create the experimental indexes generally showed
more downward price movement than the methods used
to create the official index, but there were also cases in

which adjustment moved the indexes upward compared
with the movement of the official index. A look at the
data used to compute the indexes shows that a large num-
ber of item replacements with quality improvements were
treated as comparable in the official index, so the official
index effectively ignored these improvements. The down-
ward movement from incorporating them more than
offset the upward adjustments, resulting in all three ex-
perimental indexes having downward discrepancies with
the official index.

A trio of Monthly Labor Review articles compared in-
dexes calculated with and without hedonic adjustments. In
one, Paul R. Liegey and Nicole Shepler investigated the
effects of hedonic adjustments on indexes for VCR prices
from December 1996 to December 1997.% They found
that the quality-adjusted index fell 8.0 percent over this
period, while an unadjusted index fell 8.1 percent, meaning
that the quality adjustment actually produced a 0.1-per-
cent upward discrepancy. In another article, Craig Brown
and Anya Stockburger looked at the impact of quality ad-
justments on the CPI apparel indexes. Comparing the of-
ficial index, which uses direct hedonic-based adjustments,
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with an experimental index that lacked these adjustments,
they found that the unadjusted experimental index had an
upward discrepancy of about 0.2 percent annually.*

In a third article, David S. Johnson, Stephen B. Reed,
and Kenneth ]. Stewart presented a table of the estimated
yearly impacts from hedonic models in 10 categories to
which the BLS had applied hedonic adjustment since 1998.
Instead of using discrepancies, these authors used the
percent difference between the hedonic and nonhedonic
index levels.*! The effects of hedonic adjustment ranged
from -3.81 percent for computers to 1.89 percent for
VCR’s, but 6 of the 10 categories had differences between
—1.0 percent and 1.0 percent: televisions (=0.11 percent),
camcorders (0.15 percent), refrigerators (0.02 percent),
clothes washers (—0.78 percent), dryers (0.06 percent),
and microwave ovens (=0.17 percent).”? In comparison,
hedonic adjustment for Internet access had an annual ef-
fect of approximately —0.06 percent to —0.08 percent (de-
pending upon which model was used), about as much of
an absolute effect as that from adjusting dryers.

'The adjusted Internet access index changed so little, in
part because broadband makes up only a portion of the
index. As of November 2006, broadband quotes account-
ed for about 36 percent of the quotes used to calculate this
index. Broadband quotes make up only a portion of the
sample used in the adjusted Internet access index, so the
effects of broadband quality adjustments are dampened.

Another factor that could be contributing to the ab-
sence of any major differences between the quality-ad-
justed experimental and official indexes is that the quality
adjustments are based on a hedonic model developed with
data from the end of the period used to create the experi-
mental indexes. The pricing structure of broadband access
in November 2006, represented by the model, probably
differed significantly from the pricing structure in De-
cember 2004. Bandwidth was more expensive in earlier
periods and probably had a higher marginal price. If so,
using a model based on more recent data underestimated
the marginal price of bandwidth and gave low estimates

of quality change.
Future developments

'The technology behind Internet access has been in con-
stant change since users first signed onto the service in
the early 1990s, and this trend will likely continue for the
near future. Specifically, two growing forms of Internet
access—fiber optics and wireless broadband—will prob-
ably radically alter the state of the Internet access market.
Optical fiber has long been used in the Internet backbone,
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but consumers could connect to these high-speed lines
only through their slow, household connections. Some
service providers have begun running fiber directly to the
consumer—a service known as fiber to the home (FTTH).
Fiber connections offer speeds much faster than those
available through cable or DSL.

Whereas fiber offers speed, wireless offers flexibility.
Wireless Internet access has been available for several
years, but emerging technologies, such as WiMAX, may
enable wireless to be competitive as a mainstream form of
Internet access. WiMAX cuts the binds of wired Internet
by providing a wireless broadband network spread over a
large area. WiMAX technology includes both mobile and
fixed wireless technologies. Some providers have focused
on stationary applications, in which the user would have
a stationary connection to a WiMAX router. Stationary
WiMAX could be particularly useful to those in rural areas
who do not have the wired infrastructure for broadband.
Some communication companies have explored the pos-
sibilities of mobile WiMAX and have begun deploying
WiMAX by installing routers on cell phone towers to create
abroadband network with coverage comparable to that af-
forded by cell phone networks. WiMAX is also only one of
several emerging wide-area, wireless broadband technolo-
gies. WiMAX has received more attention than the other
technologies, but its dominance is not guaranteed.

The impact of new technologies such as FTTH and
wireless broadband remains unclear. Depending on pric-
ing and the reliability of service, wireless broadband could
compete directly with DSL and cable, or it may be rel-
egated to certain niche markets. Wireless broadband may
also reshape the market structure for broadband Internet.
Instead of choosing between one cable provider and one
DSL provider, consumers may have the added choice of
one or more wireless broadband providers. If wireless
broadband can compete with current broadband tech-
nologies, another hedonic regression model will have to
be developed to address the benefit of mobility and the
changing marketplace. The expansion of FTTH could also
alter the validity of the hedonic model presented in this
article. FTTH probably will alter the pricing structure for
bandwidth and allow access to higher levels of bandwidth
than are currently available to most consumers. The model
will then have to be revisited to account for these and
other changes in the Internet access market.

BUILDING OFF OF PAST RESEARCH on hedonic regression
modeling, this article has developed a model to explain the
monthly price of Internet access as a composite of several
tactors. Coeflicients from the model can be used to make



direct price adjustments for changes in quality. Making
such adjustments will help account for improvements and
other changes to the services in the sample. Given the rapid
changes in the Internet access industry, the model will need
to be updated periodically, especially as new technology
changes the way the Internet is accessed and used.

Past research has indicated that Box-Cox regression
provides a better estimation of hedonic models than do
more restrictive functional forms. The Box-Cox method
offers a relatively easy way to find a suitable transformation
for data without having to run many regressions to find the
best way to specify the functional form of the model. Of
the various Box-Cox forms, a restricted Box-Cox model
was found to provide the best fit in this particular case.
Estimates from the restricted Box-Cox model were used
to create two experimental price indexes utilizing two dif-
terent price adjustment methods, one based on the change
in predicted price with a change in Internet service char-
acteristics and another based on derived implicit prices. A
third experimental index was calculated with the current
BLS methodology that favors using semilog prices with
predicted price adjustments. This article recommends that
the BLS adopt, of the experimental methods presented,
price adjustments using the predicted-price method based
on the Box-Cox model. This model provides the best es-

Notes

timation of a hedonic model for Internet service, and the
predicted-price adjustment method is preferable to the al-
ternative methods because it does not assume a fixed mar-
ginal price. The Box-Cox model produces more accurate
estimates than the semilog model, and adjustments based
on the predicted-price method allow the marginal price
of a characteristic to vary, unlike adjustments made in
accordance with the marginal-price adjustment method,
which assumes that the marginal price of a characteristic
remains fixed.

The experimental indexes initially showed large down-
ward discrepancies compared with the official index. The
experimental indexes accounted for quality improvements
that had not been accounted for in the official index, which
treated improved, faster Internet service as if it were com-
parable to slower service. Later observations happened
to push the experimental indexes higher. Over the long
run, given improving quality, a hedonically adjusted index
should decline more than an index that does not account
for these quality improvements. It is recommended that he-
donic adjustments be made to the official index for Internet
service in order to help account for improving quality. Also,
the Box-Cox functional form should be adopted in other
CPI hedonic regressions, along with predicted price adjust-
ments based on estimated Box-Cox models. O

"The BLS uses the term “experimental” to denote statistics produced outside
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