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ABSTRACT

The paper aims at assessing the efficiency
consequences of different regulatory regimes for U.S.
local telephony. Specifically one contrasts alternative
regulatory regimes (price-cap regulation and incentive
regulation) with traditional rate-of-return regulation.
Relative efficiency scores are obtained from the Data
Envelopment Analysis (DEA) approach. The regression
analysis on the determinants of efficiency indicates, after
controlling for technical change effects, that alternative
forms of regulation appear to induce a higher level of
efficiency for the regulated firms.

r-th"w' e
REsumo “

o’

O artigo pretende avaliar as consequéncias em
termos de eficiéncia dos diferentes regimes regulatdrios
para telefonia local nos E.U.A. Especificamente,
contrasta-se regimes regulatdrios alternativos (regime de
limitacdo de precos e regulacio por incentivos) com ga
tradicional regulagdo da taxa de retorno. Indicadores de
efic'i{ancia re!at'i\{a sdo obtidos a partir da abordagem da
Andlise Envoltéria de Dados (DEA). A analise de regressio
acerca dos determinantes da eficiéncia indjca
controlar para efeitos referentes a '
as formas alternativas de
nivel mais elevado
reguladas,



1. INTRODUCTION

The literature on regulatory issues has grown at‘ a
fast rate during the eighties, especially in terms of its
theoretical developments. In particular, there has been an
increasing recognition of the informational constraints
characterizing the regulatory relationships (See eg. Baron,
1989, and Laffont & Tirole, 1993). The theoretical
treatment of the basic variants of asymmetric information
{adverse selection and moral hazard) has increased our
knowledge of optimal incentive regulation schemes, but
there is still a gap in what concerns empiric?l
assessments of alternative regulatory regimes. It is
consensual that the traditional rate-of-return {ROR)
regimes do not provide the adequate incentives for
efficiency, both from a static or dynamic perspective. It
is not clear, on the other hand, whether actual forms of
alternative regulation (profit or revenue sharing, price-
caps) will substantially differ from the traditional form of
regulation. The previously examined arguments concerning
a comparative assessment of regulatory regimes are
mixed. In fact, authors as Beesley & Littlechild (1989} and
Liston (1993} provide descriptive lists of positive ang
negative aspects of the alternative regimes. The present
paper intends to st-art filling t‘hg gap in the empirical
literature by assessing tt?e efficiency consequences of
fgiz:nf;;::h;ﬁsu:?\tcme ragémes, taking as reference the

S, The referreq Sector provides

a “laboratory” for compari . ..
rin .
as state leveg| Paring distinct forms of regulation
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reguiatory regimes are essentially absent. Mathios &
Rogers (1989) constitute an exception by considering
reduced form procedures to analyse long-distance pricing
under ROR and price-cap regulation (PCR). The authors
find support for lower prices under PCR. Nevertheless a
detailed and flexible evaluation of the efficiency
consequences of alternative forms of regulation was still
needed. The paper is organized as follows. The second
section presents the main classes of regulatory regimes
and provide a description of the evolution of the different
forms of regulation in the context of U.S. local telephony.
The third section provides a brief digression on the
technique of Data Envelopment Analysis (DEA), which is
used for constructing empiricaily determined efficiency
frontiers. The related empirical results are presented and
discussed. The fourth section discusses the determinants
of the efficiency level in local telephony, stressing in
particular the role of alternative formas of regulation.
Finally, the fifth section brings some final comments.

2. REGULATORY REGIMES: AN OvVErvIEW

A crucial role attributable to a regulator has to do
with providing the appropriate incentives for productive
efficiency by the regulated firm in both static and dynamic
terms. The first aspect is closely related to mitigating the
problem of moral hazard by means of reductions of
avoidable wastes. The second aspect, on the other hand,
involve incentives for cost reduction in the long run. For
example, one could refer to research and development
(R&D) expenditures with the purpose of improving the
intrinsic efficiency level of the regulated firm and
therefore the issue relates to the problem of adverse
selection in regulatory interactions. A central issue is
then to verify to what extent the regulatory regimes
prevailing in the real world lead to Proper levels of

Sivie Textos para [Niecussiio

efficiency. One should keep in mind, that ultimately one
is trying to emulate the incentive mechanisms present in
competitive markets. It appears to exist a consensus that
one should let the market work, whenever it is potentially
competitive (See eg. Baumol & Sidak, 1994). But in
sectors with natural monopoly characteristics, the
regulator is expected to play the role of providing the
adequate incentives for the regulated firm. Let’'s consider
therefore the different forms of regulation.

In general terms, one can refer to three broad classes
of regulatory regimes. The first is the traditional ROR,
according to which the regulator establishes a “fair” rate-
of-return that the regulated firm would be allowed to
earn. Besides well known distortions such as the Averch-
Johnson effect, the regime of ROR is reputed to provide
low incentives for cost reduction.

A second broad category refers to price-cap
regulation {PCR} also known as RPI-X. This mechanism
intends to put regulation in the “automatic pilot” and
would have an explicit concern for efficiency given the
productivity off-set X. Some authors attempted to provide
a comparative assessment of the aforementioned
regulatory regimes (See eg. Vickers & Yarrow 1988,
Beesley & Littlechild 1989 & Liston, 1993). Nevertheless,
it does not appear to emerge definitive arguments on the
clear superiority of PCR over ROR.' In fact, an important
issue refers to the exogeneity of the X factor. Ideally it
should possess a forward Igoking character. In practice,
however, one tends to consider backward looking criteria
often based in the calculation of total factor productivity
measures. The endogenous character of the X factor ¢
in principle induce a ratchet effect, accord; o0
firm would like to ap ) ording to which a

Pear as less efficient |

levels in the futur

e
Svfhgmzrty%ez:aof argument, one could be concen‘w:dfagz
differs much from the ROR regime with
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regulatory lag. Moreover, some analysts contend that the
PCR regime has been especially lenient with the regulated
firm, allowing large profits by means of low X factors
(See Mayer & Vickers, 1996), In this sense, a third broad
category of regulatory regimes has gained force, especially
in the U.S., namely the so called incentive regulation (IR).
This category basically encompasses two basic variants
(See eg. Benedict et al. 1996). A first modality is the
banded rate-of-return regulation (BROR) whereas a second
one refers to the banded rate-of-return with earnings
sharings (BRORES). The latter modality is indeed the most
common in the context of IR and essentially consists of
a modified ROR regime, under which (unlike the former)
earnings are shared (typically revenues) when one exceeds
the reference rate-of-return band. This regulatory regime
is believed to provide incentives for cost reduction as the
regulated firm can appropriate (partially) the benefits
accruing from its cost reduction efforts (See Blackmon,
1994).

The local telephony in the U.S. is gradually being
subject to aiternative forms of reguiation, comprising both
PCR and IR regimes. Next we construct a regulatory
regime variable. For that purpose we relied on information
dispersed in documents from the National Regulatory
Research Institute (NRRI), National Association of
Regulatory Utility Commissioners (NARUC) and the public
utility commissions of the 50 states.2 The coexistence of
traditional and alternative forms of regulation in different
states of the U.S. provides a unique opportunity for a
comparative assessment of regulatory regimes. The
efficiency measurement and econometric analyses to be
undertaken in subsequent sections have as basic source
the Statistics of Communication Common Carriers (SCCC)
published annually by the Federal Communications
Commission {FCC). This source comprises balance sheet
and telephone {:)lant account data, which in some cases
revealed to be incomplete, requiring thus the consultation

(e
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of unpublished documents that form the basis for the
construction of the SCCC, namely the so called ARMIS
43-08. The idea was then to generate the longest
consistent sample of local exchange carriers {LECs) f9r
which reliable data was available. Our interest is
concentrated over the period 1988-94. In fact, .the
accounting system changed in 1988. Moreover, incentives
for local telephony competition started appearing by the
end of that sample period. In that sense, the cho.sen
sample period will allow to isolate the regulatory regime
effect. An important operational issue has to do with the
fact that usually LECs operate in different states, whereas
we have state level regulation information. In that sense,
we considered firm data at state level on the number of
local loops, to proxy the state weight of firm's activity,
the referred data was obtained from the Monitoring Report
of the FCC. The regulatory regime variable can _be
interpreted as the proportion of the LEC’s activity which
was subject to alternative forms of regulation in contrast
with traditional ROR. A finer characterization would not
have been possible, given the available information‘ and
the fact that different alternative regimes sometimes
coexisted for different services of a given LEC. The
regulatory regime variable is presented in table 1 for the
largest consistent sample that was possible to generate.?
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Table 1
Regulatory Regime Variable

LEC 1988 { 1989 1990 199 1992 1993 1994
Bell-iL 0 0 0 0 0 0 0
Bell-IN 0 0 0 0 0 0 0.417
Bell-MI 0 0 0 0 1 1 1
Bell-OH 0 1 1 1 1 1 1
Bell-wi 1 1 0 0 0 0 1
cpP 0 0 0 o 0 1 1
CPMD | O 0 0 0 0 1 1
CP-VA 0 1 1 1 1 1 1
CP-wv 1 1 1 1 1 1 1
Diamond | O 0 0 0 4] 0 0.833
Bell-PA 0 0 0 0 0 4] 0.583
Bell-NJ 1 1 1 1 1 1 1
CE-FL 0 0 0 0 0 0 0
CE-VA Q 1 1 1 1 1 1
Cinc.Bell 0 0 0 0 0 0 0
CO-CA 0 0 (o] 0 4] 0 0
CO-TX 0 0 0O 0 0 0 0
GTE-CA | O 0 1 1 1 1 1
GTE-FL | © 0 0 0 0 0 )
GTEHI | O 0 ) 0 0 0 0
GTE-No 0.046| 0.048 | 0.046 | 0.044| 0.202| 0.202| 0.311
GTE-SO 0.062( 0.089 | 0.088| 0.214( 0.210| 0.210| o0.085
GTE-Sw | O 0 0 0 Y 0 0
Lincoln 1 1 L 1 1 1 1
N.Eng. 0 0.245 | 0.247 | 0.247| 0.247 | 0.248| 0.197
N.York 0 0 0 0 0.167 | 1 1
Nev.Bell | 0 0 ? ?-5 : : :
Pac.Bell 0 0
SE.NE. | O 0 0 1 ? 0.583| 0O
SW.Bell 0 0 0.257 | 0.285( 0.253 ] 0.252] 0.087
Carolina o} 0 0 0 0 0 0
UT-SE o} 0.318 | 0.317| 0.315] 0.313] 0.311| 0.3
UT-FL 0 0 0 0 0 0 0
‘d}-’go o 0 0 0 0 0 0

-OH 0 0 0 0 0 0 0
Ut-pa O 0 o 0 0 0 0.5

Note: the variables are sceled by the

alternative form of Teg

1

MWation was in place,

—

number of months in the year that the
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The inspection of the previous table indicates, as
mentioned before, that one can observe a gradual
movement away from traditional ROR. Nevertheless, one
can observe in some cases a return to the ROR regime.
Having characterized the regulatory regimes in U.S. local
telephony we should proceed in the next section with a
efficiency measurement exercise so as to prepare the
ground for evaluating the role of alternative regulatory
regimes in enhancing the efficiency level of the regulated
firms, an issue that will be addressed by means of a
econometric analysis considered in the fifth section.

3. EFFiciENcY EVALUATION AND DATA ENVELOPMENT ANALYSIS
3.1 Introduction

A common approach to evaluate efficiency in local
telephony involves the consideration of cost functions.
Two major pitfalls of that approach are noteworthy. Firs?,
flexible cost functions are usually evaluated in their
expansion point at mean values.® This simplification can
be problematic in the case where significant heterogeneity
is present across distinct firms in the sample.! A second
caveat has to do with the cost minimization assumption
embodied in cost function estimation. The presence of a
moral hazard problem in terms of avoidable wastes can

place firms somewhat distant from the efficiency frontier,
in the real world.s

In the present section we consider the flexible
approach of Data Envelopment Analysis (DEA) to obtain
an efficiency frontier for the LECs. DEA ditfers from
traditional econometric analysis in two important aspects:

a) The production efficiency frontier is obtained in

a nonparametrlc-fashion, as the solution to a fractional
linear Programming probtem;
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bl The core point is the assessment of relative
efficiencies. This approach constrasts with traditional
econometric methods which emphasize average planes
that would be adjusted and assumed to hold for each

decision making unit (DMU) (See eg. Seiford & Thrall,
1990).

The seminal paper of Leibenstein (1966) considered
the possibility of a non-allocative form of inefficiency, the
so called x-inefficiency. A possible explanatory factor
would be related to sub-optimal effort levels in the
context of a principal-agent relationship. Frantz (1988,
1992) and Leibenstein & Maital {1992) suggest the DEA

approach as a relevant toal for measuring the referred
inefficiency.

The DEA approach has been object of numerous
applications in different areas (Seiford, 1994, compiles a
vast and diverse bibliographyj). Moreover, the reader can
find useful introductions to the topic in Boussofiane et
al. (1991), Chang & Sueyoshi (1991) and Charnes et al.
(1994}, among others.

The main appeal of the DEA approach refers to its
flexibility. In fact, such technique imposes no functional
forms restrictions on the underlying technology, other
than convexity and piece-wise linearity of the'technology.
The DEA approach can be thought as a multl-output.and
multi-input extension of the empiricaily determined
efficiency frontiers initially proposed by Farrell (1957},
The first influential DEA model was introduced by
Charnes, Cooper & Rhodes (CCR, 1978) and contemplated
the constant returns to scale case. Banker, Charnes &

Cooper (BCC, 1984) extended the CCR mode! in order to
allow for variable r

adopted i )
A our and can be described

el which is presented
xed by subscript i}, s

\
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outputs (indexed by subscript r) and n DMUs (indexed by
subscript j). Furthermore, it is assumed that x, > 0 and
Y, > 0. The CCR can be thought in terms of the
comparison of a virtual output with a virtual input, subject
to some constraints. Specifically, CCR considers the

follwing fractional programming problem, which should
be solved for each PMU:

max, hk - ler}’m/ZViXik {1)
’ r=l i-1
subject to:
D ey > vixi < I{for j=1,2,...,k,...,n) (2)
r-t i-1

u > 0 f(forr=1,..,8) v, >0 (fori=1,..m) {3

The program above constitutes a fractional linear
programming problem where one introduce two
restrictions. The first one indicates that no DMU can
operate beyond the efficiency frontier (restriction 2),
whereas the second one imposes that the weights should
be positive (restriction 3). The previous problem can be
transformed into a conventional linear Programming
problem, as shown by CCR {1978}, leading to:

s
max, & w, - Z“f)’ﬂ*

r=

(4}
subject to:



- D viXi+ Y iy <0 (for j=1,...,n) (5)

i-1 r-1

iwxm =1 (6)
i-1

i, > {for = lys) v.,> 0 ffor i=1,....m) (7)

Since the previous program constitutes a standard
linear programming problem, it admits a dual
representation, which is given by:

min 6 (8)
subject to:
) qu?Lj+OXikaO (fori=1,...,m) (9)
f-1
Zyrjkayrk (for r=1,...,s) (10)
fi=1
Ajz0(for j=1...,n) (1)

A limitation associated with the CCR model just
described is the assumption of constant returns. BCC
(1984) and Banker (1984) extended the CCR model so as
to incorporate the possibility of variable returns to scale.
The notion of variable returns can be defined in terms of
the production possibility set , which is defined as T=
fr(‘x'\:): the output vector Y > 0 can be produced from the

DSt Yector X > 0}. Returns to scale at a point (X, Y)

on the efficient surf
ac :
described below: @ of T would be in terms of r

S

_ lim a(B)-1
pre= p—1
B-1
where a (b ) = max {a: { bX, @Y} (7} b0,

The previous expression would indicate how
Proportionate changes in the input vector reflect in terms
of changes in the output vector. r > 1, r< 1 and r
= 1 would respectively indicate increasing, decreasing
and constant returns to scale. Additionally, one can define
the concept of a most productive scale size (mpss) that
would represent the most efficient scale for given input
and output mixes. An influential result obtained by Banker
(1994) is that aggregate efficiency score (obtained from
the CCR model) is equal to the technical efficiency score
(obtained from the BCC model) multiplied by the scale
efficiency score.

Finally, one should consider the form by which the
BCC model extends the CCR model. Essentially, a
convexity restriction is added to the CCR formulation
summarized by equations 8-11. More specifically,
convexity requires that if (X, Y) e T for j=1,..., n and
A, 2 0 are non-negative scalars such that ¥ A = 1, then
({2 A X, X lj Y) € T. The BCC model appends the
restriction > A = 1 to the problem described by equations
8-11. Sawkins and Accam (1994) emphasize that the
usefulness of convexity is to secure that any composite
unit extrapolated is similar in size to the reference unit
and not merely an extrapolation of another composite unit
operating at a different scale size.
restriction guarantees that all DMUs are
reference to linear combinations of inpu

The convexity
considered with
ts and outputs.
. Having briefly described the BCC mode|
1mportant_t0 further motivate the applicatione rf
:EELO[ZChOT:Zethe context of U.g local telephon?/. tg:;
b more.emphasme the flexibility of the
IS provides an extra motivation as we can

\\\———_
__—_—_—_—__—‘————_\_
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partially bypass some measurement error issues associated
with cost function estimation. For example, the
measurement of input prices (especially price of materials
appears to be problematic), but the DEA approach does
not require the knowledge of input prices.

One could in principle question the use of DEA
instead of stochastic efficiency frontiers. The literature
on that topic is often criticised for its strong
distributional assumptions. One typically assumes that
the error term has two components, where the component
reflecting the efficiency level would possess a truncated
distribution, for example half normal. Even though the
distributional assumptions are somewhat less strict in the
context of panel data (See eg. Atkinson and Cornwell
(1993)], it would be required a large number of years in
order to obtain consistent estimators. In the present
application the data spreads , however, over a period of
only 7 years. Moreover, Banker (1993) provides a formal
statistical basis for the efficiency evaluation using DEA.
If one treats the deviations of the DEA scores (obtained
from the BCC model) from the efficient level as stochastic
variables, then a monotone decreasing probability density
function for these deviations is a sufficient (and almost)
necessary condition for the DEA scores maximize the
likelihood of obtaining the actual sample of observations.
In the stochastic frontier literature that would be true
only if the inefficiency distribution is exponential or half-
normal (See eg. Aigner & Chu, 1968). In that sense, DEA
Possesses a maximum likelihood motivation under less
strict assumptions than the stochastic frontier literature.

Next we consider the application of DEA to U.S. local
telephony.

L S——

Gudin
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a2 Empirical Results

Majumdar (1995) consists of the only previous sFudy
employing DEA techniques in the telecommunications
sector. Other applications exploring the usefulness of this
“relative efficiency” approach in regulated settings appear
in Sawkins and Accam (1994) who considered the
assessment of comparative efficiency in the Scottish
water industry. Majumdar’s paper considered pre and
post- divestiture periods ranging from 1973 to 1987. The
main motivation of that paper was to evaluate the
efficiency gains in an increasingly more competitive
environment. It should be noted however, that neither
firm specific competition variables nor general competition
regime variables are used in the study, In that sense, the
Paper is more properly interpreted as an efficiency
Mmeasurement exercise. In the present paper, we make use
of the same variables definitions used by Majumdar. An
important attribute in empirical applications of DEA

Emodels is that of parsimony. In fact, the larger the

Znumber of inputs and outputs considered, the larger the
sNumber of dimensions on which different LECs can
Zappear as relatively efficient. If one considers an extensive
dist of inputs and outputs the discrimination between
Mitferent DMUs would become blurred. In the present

application we will consider 3 inputs and 3 outputs as
follows:

outputs: deflated figures for local services revenues,
long distance revenues and total access and other
revenues. The 3 categories of revenues were deflated
respectively by the consumer price index for
telephone services, the consumer
intrastate toll telephone services and the
price index for telephone services.
obtained from the SCCC published
the consumer price
Statistical Abstract of

U.S. Department of C

local
price index for
overall consumer
The revenue data was

by the FCC, whereas

INdexes Were obtained from the

ommerce)



inputs: total number of employees, total number of
access lines and total number of central office switches.
The basic data source was the SCCC from the FCC,

complemented by the ARMIS 43-08 when it was
necessary.’

The BCC model was applied for each year in the
period 1988-94. The related technical efficiency scores
are presented in table 2. It should be noted that the DEA
models admit two orientations output augmentation
(output orientation) and input conservation (input
orientation). In the former, efficiency refers to obtaining
the maximum output level given a fixed utilization of
inputs; the latter orientation, on the other hand refers to
the minimum use of inputs for a given level of output.
In actual empirical implementation the choice of
orientation is usually not crucial, in the present case it
does not make virtually any difference. The results
presented in the next table nevertheless refer to the input
orientation, which is consistent with the usual
interpretation of exogenous outputs (often assumed in
the context of cost function estimation in regulated
industries).

S S T
e Mt b W,

Table 2 ]

Technical Efficiency (Variable Returns to Scale-Input OrientEIJOGL__
LEC 1988 1989 1990 1991 1992 1993W 19924
Bell-IL 85.89 85.13 88.83 82.66 85.69 88.92 93.66
Bell-IN 90.79 90.08 89.09 90.63 87.89 94.39| 100.00
Bell-M| 98.78 | 100.00 95.83 92.10 93.05 88.62 95.05
Bell-OH 97.57 98.29 99.18 95.54 95.87 | 100.00| 100.00
Bell-wi 93.25| 85.88| B89.56| 93.67| 94.28| 96.54| 96.65
CP 100.00 | 100.00( 100.00| 100.00 | 100.00 | 100.00 100.00

CP-MD 87.99| 90.90| 98.73| 98.20| 100.00| 94.07| 100.00
CP-vaA 100.00 | 100.00| 100.00| 100.00| 100.00 | 100.00 | 100.00
CP-WV | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
Diamond | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
Bell-PA | 100.00 | 100.00| 100.00| 100.00| 98.22| 94.60| 95.81
Bell-NJ | 100.00 | 100.00| 100.00| 100.00| 100.00 | 100.00| 100.00
CE-FL 100.00 | 100.00| 100.00| 78.29| 74.42| 73.68| 81.95
CE-VA 94.19 | 96.42| 98.12| 100.00 | 100.00 | 100.00 | 100.00
Cinc.Bell | 100.00 | 100.00| 100.00| 100.00| 100.00 | 98.89| 98.97
CO-CA | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
CO-TX | 100.00 | 100.00| 100.00| 100.00| 100.00 | 100.00| 100.00
GTE-CA | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00| 100.00
GTE-FL | 100.00| 93.26| 91.45| 100.00| 99.83| 81.58| 94.19
GTE-HI | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
GTE-No | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00| 100.00
GTE-SO | 87.74| 91.35| 100.00| 100.00| 100.00 | 100.00 [ 100.00
GTE-Sw | 100.00 | 100.00| 100.00| 100.00| 99.94| 81.77| 100.00
Lincoln 84.40 | 88.34| 90.73| 97.29| 100.00 | 100.00| 100.00
N.Eng. 96.11| 98.02| 94.46| 95.07| 90.85| 94.97| 94.22
N.York | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
Nev.Bell | 100.00 | 100.00| 100.00| 100.00 | 100.00 | 100.00 | 100.00
Pac.Bell | 100.00 | 100.00| 100.00| 100.00| 100.00 | 100.00 | 100.00
SE. N.E. | 87.80| 96.52| 94.37| 97.84| 100.00 | 100.00 | 100.00
SW-Bell | 100.00 | 100.00 100.00| 100.00 | 100.00 | 100.00 | 100.00
Carolina 68.12| 66.13| 68.18| 83.46| 73.00| 9242 9g.13
UT-SE 89.71| 94.70| 95.88| 97.37| 87.27| 99.78| g8g 27
UT-FL 100.00 [ 100.00| 100.00 | 96.28 | 90.46 | 77.55| 100,00
UT-MO | 100.00 | 100.00| 100.00 | 100.00 | 100.00 | 100 00 100.00
UT-OH 81.93| 81.16| 84.30| 80.60| 84.22| g1.7g 97.93
UT-PA 77.82| 78.57| 59.81| 71.94| 7589 78.43

82.17

o Tthe ng:t table Presents the resuylts from Wilcoxon
O Verity the existence of significant changes in the
Scores across different years.

—
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Table 3
Wilcoxon Test Results on Comparison of Selected Years (BCC Model}
Years Compared
1988 1991 1991 1994
Mean 25.06 95.85 95.85 97.70
Test Statistic -0.6864 -2.0686
P-Value 0.4925 0.038s8

The tests indicate that the mean level of technical
efficiency have not significantly increased between 1988
and 1991. The comparison between 1991 and 1994
reveals a different picture with a significant increase in
the mean efficiency level of the sector. A natural question
that arises is to which extent that improvement in the
efficiency level merely reflects technical changes observed
in telecommu-nications and to which extent it ig driven
by changes in the forms of regulation. We add.ress thos‘e
issues in the next section where a econometric analysis
on the determinants of efficiency is undertaken.

4. DeterminanTs OF EFFICIENCY: Economerric EvipEncE

The general setup of the DEA approach considers
variables directly related to inputs and outputs, but of
Course there may be other variables, 9ften outside tl'_ue
firm’s discretion, that might play an important role r:n
explaining the efficiency level of the DMU. The role of the

i . P to
“reduced form” analysis of this section is exactly
consider those variables.

The range of efficiency scores obtained from DEA
Models in censored

:

. oring, one
details). In order to conform with the I‘Tﬂef?ii:?:ncv gscore.
can adopt the reciprocal of the technica S formed 5o as
Moreover the referred variable can be tra nesumed in the
to conform with the zero cengonng 8pomtthjs sense. the
traditional Tobit frormuiation. In o of efficiency.
dependent variable is an inversg measurhnica' fficieney
The underlying stiiclency score is a te:c?on so there will
Measure obtained from the BCC form-ula lfor' coale ffects
be no need for concerns on controlling . One has 1o
in the subsequent reduced form rggresif ct; arising from
be concerned, however, on separating e an nfluences
technological change in telephony cant therefore o
Pertaining regulatory effects. It is lmpo|: ‘cal changes in
Understand in general lines recent techn

the telecommu-nications sector.

be
In broad terms the telephone secr;t:sf. ﬁ:tnwork
Summarized by means of two targe catet? onet\r.vork. The
facilities and services provided over suc ion facilities,
nétwork comprise basically transwl:;ese categories
Switching facilities and terminals. A; importantly:
experienced substantial change, mos

ditional
- transmission technology: at end -L:si:,i:f-.velléact;f loops
technologies continue to prevai iring. In fact, the
Characterized essentially by °°':ep§rrmgogy'relate to the
main changes fi?’adtli‘jn;;nsf:lc:?ansmission and ierdUCtiC_’“
IMprovement o components in trunk cables. A main
of fiber optlchas been the substitution of the older
developmen: high capacity cables by fiber optic cables;
generatl‘:;?atz 4 ir?..provement has been the digitization of
fl?e a:::work, by which the sigqals are transmitted in 3
digital form instead of‘ the preylously preva!en} analogue
mode. Apart from the increase in the transmission quality,
these developments haye the following important
consequences to be emphasized: i} Possibility of provision
of broad bang services, in Particular, potential for

—_—
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transmission beyond the traditional voice based services
(eg. video, data). The new transmission technology can
transmit substantially larger amounts of information at
higher speeds; ii) less need for intermediate signal
amplifiers and smaller maintenance costs.

. switching technology: the major recent development
concerns the use of switching facilities controlled by
computer systems f{the so called stored program control
(SPC); the main advantages that follow have to do with
the relatively easier Mmaintenance and reconfiguration.
Additionally, rerouting of calls starts becoming possible;
however, it is believed that the cost of exchanges and
the associated softwares is not falling as fast ag those
pertaining transmission [See Armstrong et. al, (1994)].

The discussion above, points out two main
categories of technical change: those related with
transmission technology and those associated with
switching technology. |[n Practice, changes in
transmission technology are likely to have a deeper effect
in the interexchange carriers - IXCs like AT&T, Mc] and
Sprint] than in the local exchange carriers (LECg),
Nevertheless, one is increasingly observing the
introduction of fiber optics in trunk cables of the LECs,
Taking as reference the previous observations we consider
the empirical construction of variables Proxying technicaj
change, these will operate as control variables in the the
econometric analysis of the determinants of efficiency in
U.S. local telephony. We consider 2 composite indicator
of innovation by means of factor analysis.® Specifically,
we considered three variableg: research and development
(R&D) expenses deflated by the GNP implicit price
deflator, percentage of Main access lines that are digital
(DIG} and miles of fiber deployed in cqppe divided by the
total miles of cable (Fi). The factor analysis method
allowed to explore common dimensions on that data set.
The factor structure was chosen according to the usual

B e
i

criterion of retaining the factors for which theth;ilaotﬁg
eigenvalues of the correlation matrix was greatl?'l' a single
{See Kaiser, 1974). This allowed us to retain o
factor, for which the factor scores were saved fo; eactor
use as the INOV variable. In facjc, the usfe ‘:novation
analysis to develop composite indicators o I{See o,
has appeared in the specialized literature
Hollenstein, 1996).1°

In addition to technical change varisbles, it may e
important to control for density effects-_ In and ’Shin
Suggested by Shin and Ying (1992) and Y'“gt In that
(1993), geographical aspects may be important. ider the
sense, in a similar vein as those authors, We‘cons:f bl
average loop length (AL) defined by total miles oxample
divided by the total number of access ‘Imes. For|ecalitie£‘:
Companies operating mostly over dlsp_ersed :a . i
wouid in principle be in re‘latu'fe dlsadvadn gions.
Comparison to firms operating in highly densed reg

Next in table 4, the empirical results are presented
for a first specification {model 1}."

Table 4
Technical Efficiency Regression Results-Tobit Model (262 observations)-
Model 1
Variable Coefficient Standard Error tStatistic
.0068 0.0262 0.2583
oy -8.0607 0.0198 -3.0504
::,NE%V -0.0922 0.0350 -2.6348
AL -0.8318 0.5557 -1.4968
c 0.1849 0.0143 12.8933
Log-likelihood -56.1183

—_—
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All variables display the expected signs, except for
the density variable AL, The related coefficient is not
however significantly different from zero. In particular,
one obtains a negative and significant coefficient for the
regulatory regime variable REG. |t appears, therefore, that

sector. Before concluding, we consider anp alternative
specification (model 2), where we additionally include the
variable PCAP in the regression. The referred variable is
a dummy assuming value 1 from 1991 onwards, following
the introduction by the FCC of price-cap regulation for
interstate switched access {See FCC, 1989, 1990). The
corresponding results appear in the next table,

Table §
Technical Efficiency Regression Results-Tobit Model (252 observations)-
Model 2
Variable Cosfficient __ StandardEror —rgmamors———
Constant -0.0082 0.2978 -0.2746
INOV -0.0682 0.0213 -3.2045
REG -0.0948 0.0349 -2.7080
AL -0.9117 0.5631 -1.6191
PCAP 0.0324 0.2936 1.1038
g 0.1844 0.0143 12.8985
Log-likelihood -54.5057

The inclusion of PCAP

does not therefore alter the
previous conclusions,

and the evidence once more

reguiation.

5. FinaL COMMENTs

vide

The purpose of the present paper was J:; t:ff!i’g;ncv

a careful empirical analysis for comparing regimes in

consequences of distinct reg”'*’tory. rovides a

telecommunications. The sector in qUeSt'O"ofpstudy’ as
very favourable environment for such typle el
regulation is largely determined at state level.

- e
The flexible approach adopted for deter::;;:?\? t:\hat
efficiency frontier explictly considered Fh.e pOSf ontier. In
Some firms do not operate in the efficiency er likely to
fact, it is expected that avoidable wastt‘as ar o 1o
exist. The subsequent econometric analysis at;:ecpts and
Separate technical change and ,-egulatorv_ ot duces a
concluded that alternative forms of regulation Ir':ed with
higher level of productive efficiency as contras a first
traditional ROR. The present paper may be seen a:ure on
effort on filling the gap in the empirical Ilterr: studies
regulation. Nevertheless, one should expect m‘; case, a
on the topic to appear in the future. Qut, in a evar " 'be
finer characterization of regulatory reglmeslui:’li?on of the
especially difficult. In that sense, an eva rs to be very
relative efficiency merits of PCR and IR appeah agenda on
complex, but will be a Priori?v in the rgi?afzs traditional
empirical aspects of regulation, especially

ROR becomes less prevalent.

¥t a8
0‘“&? A o
o
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List of Local Exchange Carriers Included in the Sample

1) Bell - MNinois
2) Bell - Indiana
3) Bell - Michigan
4) Bell - Ohio

B5) Bell - Wisconsin

Appendix

6) Chesapeake & Potomac

7) Chesapeake & Potomac - Maryland
8) Chesapeake & Potomac - Virginia
9) Chesapeake & Potomac - West Virginia

10) Diamond

11) Bell - Pennsylvania
12} Bell - New Jersey
13) Centel - Florida
14} Centel - Virginia
15) Cincinatti Bell

16) Contel - California
171 Contel - Texas
18) GTE - California
¥ @we . Florida

20} GTE - Hawaii

21} GTE - North

22) GTE - South

23) GTE - Southwest
24) Lincoln

25) New England

26) New York

27) Nevada Bell

28) Pacific Beill

29) Southern New England
30) Southwestern Bell
31} Carolina

32} United - Southeast
33} United - Florida
34} United - Missouri
35) United - Ohio

36] United - Pennsylvania

NoTAS

1 For a discussion on other pitfalls of the PCR regime, see Isaac
{1991) and Loube (1994).

2 The telephony sector in the U.S. is subject to a two level (state and
federal) regulation. For further details on the related institutional
arrangements see Mitchell & Vogelsang (1991).

3 The regulatory regime variable was constructed so as to match the

s:alected LECs for the efficiency measurement analysis. A complete
list of the firms indicated in table 1 appears in the appendix.
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4 A recent application of translog cost function estimation to U.S.
local telephony appears in Ying & Shin {1993). Banker, Conrad &
Strauss (1986) provided a Comparative assessment of DEA and

translog cost function for hospitals Stressing that the heterogeneity
issue can be important..

5 This is indeed the case in the U.S. Local Telephony, as the translog
cost function estimation by Resende (1997) indicated.

6 Anecdotal evidence from FCC officers indicates that some regulated

firms stopped paying first class airline tickets after the regulatory
regime changed from ROR to PCR.

explore the flexibility of the DEA method by making use of “physical”
variables.

8 A similar procedure was adopted by Dusansky and Wilson (1994)
and Pollit {1996).

9 The factor model postulates a p dimensional characteristics random
vector X, with mean ¢ and covariance matrix E, can be linearly
associated with two classes of unobserved factors: the m dimensional
common factors vector F {m < p} and a p dimensional specific
vector e, which explains variation only of a single ‘specific’ component
of X. The factor model can be compactly expressed by:

X4 = LF + e, where L denotes the (p x m) matrix of factor
loadings, and Cov (F, e} = Ofori = 1:p. See Morrison (1990) for
further details.

10 The subsequent analysis makes use of the just mentionec! composit.e
Measure of innovation. The results from the econometric analysis

were similar even if one had made use of the fiber optics variable
(FIB).

11 The Tobit model is usually a lied i :
iti e - but
it is fortunate 1o kno Y applied in a cross-sectional context,

W that even in the case of the eventual presence

of serial correlation the Tobit model retaine i ’
. ! : tains it
{See Robinson, 1982). IS consistency property
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