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Abstract. Inthis study, an analysis of public telecommunications services in OECD countriesis
carried out. This evauation is based on the relative efficiency calculated by the Data
Envelopment Analysis (DEA) technique. In particular, the variable returns to scale DEA model
under the radia outputs maximization is used. Severa approaches, including reference frequency,
cross-efficiency, super-efficiency and level efficiency, are used to evaluate the performance of
OECD countries regarding the telecommunications services they provide.
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1 Introduction

The attainment of high levels of performance is a key issue for the success of every
organization. Therefore, an adequate management framework is necessary to evaluate the current
performance, identifying benchmarks to use in seeking improvements, and to understand why
some unitsin a particular organization are operating inefficiently.

Data Envelopment Analysis (DEA) is alinear programming-based technique that is used
to evaluate the efficiency of a set of Decision Making Units (DMUs, which are homogeneous
units with some decision autonomy). Each DMU is characterized by “consuming” several inputs
and by “producing” several outputs. DEA models use these factors (inputs and outputs) to
compute the efficiency degree of a particular DMU when this DMU is compared with al the
others DMUs. The DMUs that are considered (relatively) efficient belong to the efficient
frontier and, therefore, they can be used as performance benchmarks to study the DMUs that are
operating inefficiently.

In this study, DEA is used for the evaluation of public telecommunications services in
OECD countries. The main objective of this study is oriented towards the evaluation of the
modernization degree of telecommunications services offered to customers. Several approaches,
including reference frequency, cross-efficiency, super-efficiency and level efficiency, are used to
evaluate the performance of OECD countries, regarding the telecommunications sector. These
results could be used to support decisions regarding the future policies of the countries (namely
by regulating entities) in guiding their strategy aimed at providing more advanced and
competitive telecommunications services.

The data used in this study is obtained from the most recent report published by the
International Telecommunications Union (ITU, 1998), which includes an extensive set of
indicators concerning the telecommunications services. In a different context, Sueyoshi (1994)
also used some of these indicators to develop a new technique that combines LAV (Least
Absolute Value) regression with DEA.

In the next section the evolution of public telecommunications networks is broadly
described. In section , an evaluation model is proposed by characterizing the inputs and outputs



to be used in the DEA models. In section[4, a brief introduction to DEA is made. In section |
the results obtained by using different methodologies are discussed. Finally, in section E|some

conclusions are drawn and further work is outlined.

2 Evolution of public telecommunications networks

Public telecommunications networks have experienced profound transformations. The
telecommunications sector’s growth in number of users and its fast geographic expansion was
accompanied by the creation of a diversified number of specialized networks. The evolution of
the public telecommunications networks can be broadly presented in five phases, which mainly
consider the telephone network because it is still the dominant network in dimension and in the
number of users until today:

(i) Analog network — Telecommunications networks, in the first phase of their
development, were characterized by the use of analog technology in the transmission
and switching systems. In this initial phase, the telephone was the main service,
while the other service used was text transmission through the telex network.

(i) Digital transmission and analog switching network — The transmission process was
digitized in the second phase, but the switching process remained analog. The digital
transmission has important advantages, such as the elimination of transmission noise
or the recovering of analog signal without attenuation. Also in the second phase, the
first autonomous data networks appeared, firstly using circuit switching and then
packet switching (e.g., X.25 protocol).

(iii)Integrated Digital Network (IDN) — In the third phase, both processes, transmission
and switching, became digital. The digitization of telecommunications systems is a
crucia issue both in technica and economic terms because systems become less
complex in the interfaces and cheaper in technology. However, the subscriber lines
mostly remained anal og.

(iv)Integrated Services Digital Network (ISDN) — The main characteristic of the fourth
phase of the evolution of the telephone and data networks is the digitization of the
subscriber lines. The offer of higher transmission rates with respect to the analog



network paved the way for the utilization of awide range of different type of services.
(e.g., videotext, telefax, teletext).

(v) Broadband ISDN — In this phase, the fundamental characteristic is the integration of
all types of services. with the need of very high rates (e.g., rea time video, high
definition TV) or small rates (e.g., the ISDN services of the fourth phase). To be
implemented, this phase requires the development of new technologies (in the
transmission and switching processes) in order to support the high rates required by
new and more sophisticated services. A new form of information transmission, where
optical technologies have an important role, is known as Asynchronous Transfer
Mode (ATM). ATM combines the flexibility of packet switching with the ssmplicity
of synchronous temporal techniques of circuit switching.

The Comité Consultative International de Teléphone et Telégraphe (CCITT) isthe ITU
body responsible for normalization in the telecommunications sector. CCITT has been providing
several technical recommendations during the process of telecommunications networks
evolution. The first recommendations for the protocol X.25, ISDN and ATM where issued in
1976, 1984 and 1988, respectively.

Having this evolution of technology in perspective, the modernization degree of
telecommunications services in a country is determined by its situation in the fourth and fifth
phases.

3 Model definition

The main objective of this study is to compare OECD countries regarding the
telecommunications services offered to the users, namely as far as its modernization is
concerned. To accomplish this goal, it is necessary to develop an analytical framework to study
how these countries manage their resources (inputs) in order to offer their customers specific
telecommuni cations services (outputs).

Tavares and Antunes (1999) developed a model, illustrated in|figure 1, which is based on
a large list of indicators related to the telecommunications sector (ITU, 1998), taking into
account the evolution of public telecommunications networks (see section ).
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Figure 1: Groups of inputs and outputs that influence the modernization degree of telecommunications services.

The modernization of the telecommunications services offered by a country has been
modeled as a function that relates three groups of outputs (technology, utilization and demand) to
three groups of inputs (socio-economic factors, resources and staff). Note that, in the framework
of DEA, it is not required to state explicitly the functiona forms which are assumed to relate

inputs to outputs.
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Figure 2: Inputs and outputs that influence the modernization degree of telecommunications services.

The factors that better distinguish (Tavares and Antunes, 1999) the groups of inputs and
outputs in can be seen in[figure 2. By using this model, the performance analysis of the
countries is characterized by a number of factors, where the explicit relationship between them is
not known. Also, the telecommunications companies operate depending on regulating entities,
but they also work under market economy rules. By selecting the OECD countries as the target
of the study, the condition that DMUs operate according to the same market conditions is
fulfilled since the countries belonging to this international organization have, in general, open
market economies. DEA is an adequate technique to study organizational units that possess such

characteristics.



4 DEA introduction

Data Envelopment Analysis (DEA) is a non-parametric performance measurement
technique that is used to anayze the efficiency of a homogeneous set of individua entities
referred to as DMUSs. In this study the units are all OECD countries. Each unit is characterized
by the “consumption” of severa inputs (m) and by the “production” of several outputs (s).

In DEA, a DMU is considered efficient (Pareto optimal) if there is no other DMU, or a
linear combination of factors (inputs and outputs) of several DMUs, that can improve one factor,
without worsening the value of at least one other factor.

DEA models characterize an extreme frontier in a m+ s dimension space. This frontier
is defined by the observed values of the efficient DMUSs (or by the values obtained by the linear
combination of a subset of efficient DMUs). If a DMU does not belong to this envelopment
surface and it isinitsinterior, then that DMU is operating inefficiently.

Several distinct models (e.g., Seiford and Thrall, 1990) can be applied to classify a DMU
as efficient or inefficient. In addition to this categorization, DEA models usually return an

efficient projection point of operation to each inefficient DMU.

Consider the exampleillustrated in figure 3 with 10 DMUSs, 2 inputs and 1 output.
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Figure 3: Efficient frontier and BCC (Banker, Charnes e Cooper, 1984) projections
oriented to output maximization.



This example assumes an environment of Variable Returns to Scale (VRS). Three
efficient triangular faces ({Fi,Pz,P7}, {Pz,Pg,P7} and {P3,P4,P7}), whose vertices are the
operating points of the efficient DMUs, define the efficient frontier. Each of all the other DMUs
isinefficient and it is projected on one point of the extreme frontier, oriented to the maximization

of Output;. Ps is directly projected on the efficient triangle {Pz, R, P7} . The other inefficient

DMUs are not directly projected on the efficient frontier because the resulting projection by
maximizing Output; does not reach a point on the efficient frontier (that is, the projection
generates a weakly efficient soluti or%, and consequently it is necessary to consider the slacks to
achieve an efficient projection.

To study the degree of modernization of telecommunications services in OECD countries
(sec. Eb the VRS model of Banker, Charnes and Cooper (1984) isused. This model is known as
BCC model (envelopment problem, BCC-E) and the outputs' radial maximization (¢, )

orientation isused. The model applied to each DMU (country) k isformulated as follows:
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The BCC model returns the maximum radial improvement of all outputs (in ¢, ). If this

improvement is 1 (¢, =1) and all slacks (s, ,s, ) are zero then DMU k is operating efficiently.

1 A solution is weakly efficient if and only if no efficient solution that is strictly better in every factor exists.



Otherwise, DMU k is operating inefficiently, and the model returns aradia efficient projection

(possibly with nonzero slacks) given by the convex combination of the DMUs ({j A > O}) ona

facet of the efficient frontier:
()Zk'YAk):%‘Ajkxj' AiY Ez(xk_stz)(kak"'S:) O ZAjk =1
J: J: J:

€ is a non-Archimedean quantity (i.e., satisfying 0<e <1/N for al positive integer
N ). The purpose of this quantity isto avoid the return of weak efficient solutions by the model.

The dual problem of the model BCC-E (known as the multipliers problem, BCC-M) is
obtained in the following manner: each one of the nonnegative variables (or multipliers)

corresponds to a constraint of the primal; the free variable w,, corresponds to the convexity
constraint (Z';:l)\ i« =1); the equality constraint corresponds to the free variable ¢, ; the
constraints of the type “<” correspond to the A, variables; the constraints of the type “ ="

correspond to each one of the slack variables (s, ,s; ).
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Frequently, in DEA literature, two types of envelopment surfaces are distinguished in
each model. The efficient frontier can assume Constant Returns to Scale (CRS) as in the CCR
model (Charnes, Cooper and Rhodes, 1978), or the efficient frontier can assume variable returns



to scale as in the BCC model. The difference between these two types of envelopment surfaces

is the presence of the convexity constraint.

5 OECD countries situation — Presentation and results discussion

The main objective of this study is to carry out a comparative analysis of OECD
countries regarding the modernization degree of telecommunications services. The values of the
factorsto use in the analysis (figure 2) are displayed in

Four distinct methodologies are used to make this comparison: reference frequency,
cross-efficiency, super-efficiency and level efficiency. Each of these techniques has a particular
interpretation and these differences will be outlined in this section. Each methodology produces

a“ranking” of the countries.
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Figure 4: OCDE countries and telecommunications indicators.



A particular study of each country can be done (see Tavares and Antunes (1999) for the
anaysis of Portugal). However, the aim of this study is to draw genera conclusions about the
telecommunications services of all OECD countries.

Because the objective of this study is closely related to the outputs and the scale of the

countries is taken into account, the VRS model oriented to the radial maximization of outputs has
been selected.
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Figure 5: Efficient countries according to the BCC model.

The set of OECD countries that are on the efficient frontier is displayed in
Since this model returns an efficient projection that coincides with itself, the radial output growth
of these countriesis zero (@, =1).

According to the radial output maximization, the set of inefficient countries is displayed

in For instance, if Portugal wants to operate efficiently then it has to improve al
outputs at least in 23 percent.
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Figure 6: Inefficient countries according to the BCC model.

5.1 Reference frequency

To detect cases where a country does not have a balanced set of factors, although being

efficient, an indicator is calculated by registering the frequency of each country appearing in the



group of peers of the other countries. The higher isthe number of times that a country belongs to
the linear combination that generates the other countries (DMUSs) projected points, the higher it
isthe probability that this country is a good representation of an efficient unit.

If the countries are ranked according to this indicator, the inefficient countries are al tied
in last position because an inefficient unit never belongs to a group of peers. The reference
frequency highly depends on the projection orientation or the type of envelopment surface. This
means that a country could be a good example of an efficient unit in one orientation (e.g., radial
output maximization), but could be a bad example in a different orientation (e.g., radia input

minimization).
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Figure 7: Reference frequency of efficient OECD countries.

The reference frequency of the efficient OECD countries is displayed in Both
Japan and the Netherlands lead this indicator with 13 appearances as a peer of the other DMUSs.
Finland, Luxembourg, Switzerland and Belgium follow with 8, 7, 6 and 3 appearances,
respectively. After these countries, the countries with 2 appearances come out: Canada,
Germany, Sweden and USA. Finally, Australia, Denmark, France, Iceland and New Zeadland are
only peer of themselves.

5.2 Super-efficiency

If the constraints associated with the DMU being analyzed are removed in model BCC-E,
then a new indicator called super-efficiency (Andersen and Petersen, 1993) is obtained. The
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super-efficiency does not alter the projection of an inefficient DMU because these DMUs are
still compared with the same efficient countries. However, if the DMU is efficient then it is only
evaluated against the other DM U, its own information being omitted.

For the BCC model used in this study, the super-efficiency measures how much an
efficient country can decrease its outputs still remaining efficient. With this indicator, the

efficiency robustness of the countriesis evaluated.
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Figure 8: Super-efficiency of efficient OECD countries.

The efficient countries (assuming VRS) ranked by the super-efficiency can be seen in
figure 8. In this graph, the new measure of “efficiency” islessthan 100%. The lower thisvalue,
the higher the probability that the DMU is less sensitive to the outputs change while remaining
an efficient one.

Iceland and Luxembourg lead this indicator. They can decrease their outputs in any
guantity and be efficient countries at the same time. This happens because super-efficiency
favors DMUs with isolate data (Bouyssou, 1999). The USA, Japan and Germany follow with
7.3%, 28.6% and 35.3%, respectively. On the other side, Canada, France and New Zealand have
a super-efficiency of 93.7%, 95.4 and 99.9%, respectively. New Zealand is very sensitive to the
change of its outputs because if all outputs decrease only 0.1% then this country becomes

inefficient.
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5.3 Cross-efficiency

The idea of cross-efficiency (Sexton et al., 1986; Doyle and Green, 1994) is to find the
weights of a DMU (see the (BCC-M) formulation) and using them in the computation of other
DMUSs efficiency. This means that each country contributes to the efficiency of the others by
using its own best weights. The BCC version of cross-efficiency of DMU | according to the

perspective of DMU k isgiven by:

m

@y X5+ Gy

_ ZlJrk Y

If E, is maximized subject to E,; <1 with positive weights, p,,r =1..,s and

=

Wy, =1...,m, then the formulation of the BCC-M model can be obtained. After al cross-

efficiencies have been calculated, the average of DMU | efficiencies can be found:

Se.

b on-1
The higher the value of Ej , the higher the tendency of DMU | to reflect the observed

reality of all other countries. An issue that may reduce the utility of these values is the fact that
the weights that maximize the efficiency of aDMU (country) could be not unique. To avoid this
situation Doyle and Green (1994) proposed the utilization of an aggressive and a benevolent
formulation. However, in this study, for the sake of simplicity, the weights of BCC-M model
will be used.
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Table 1: Cross-efficiencies of OECD countries.

Cross-efficiencies ranking
OECD countries E Ex
NET [&= Netherlands 1.0000| 1| 10810 |1
FIN [HF  Finland 1.0000| 1| 11257 |2
SWE Sweden 1.0000| 1| 11416 | 3
swi [EE3  switzerland 1.0000| 1| 11550 | 4
cAN [B=l  canada 1.0000| 1| 11815 |5
Jap (=] Japan 1.0000| 1| 12069 | 6
usa | usa 1.0000| 1| 12414 |7
NOR |EIE  Norway 1.0000| 1| 13083 |8
GER |™™  Germany 1.0000| 1| 13154 |9
DEN Denmark 1.0000| 1| 1.4357 |10
BeL (LM  Belgium 1.0000| 1| 14738 |11
aus |E=  Austria 1.3566 | 24| 1.7380 |12
R |ILH reland 1.1734|20| 17489 |13
uk |EE3  united Kingdom 1.0019 | 17| 1.7494 |14
KOR |[##] Korea (Rep.) 1.4741|26| 19202 |15
MEX |l Mexico 1.1359 | 18| 2.0088 |16
HUN [E=2  Hungary 1.2338|22| 20426 |17
FRA France 1.0000| 1| 2.6390 |18
por |  Portugal 1.2269 | 21| 27613 |19
POL ==l  Poland 1.7378 | 27| 2.9140 |20
Lux |[B=  Luxembourg 1.0000| 1| 29175 |21
spA |BEE2  spain 1.4621 | 25| 35230 |22
CR |bmmd Czech Republic 2.9915 | 29| 3.9027 |23
Tur |IE  Turkey 1.2606 | 23| 4.3121 |24
AUL |E  Australia 1.0000| 1| 17.3253 |25
Nz BB New zealand 1.0000| 1| 215082 |26
ice |EEE Iceland 1.0000 | 1| 29.3403 |27
ITA ltaly 1.1459 | 19| 105.5809 | 28
GRE |FF=]  Greece 2.2921 | 28| 236.8938 | 29

Some results obtained from the cross-efficiencies of OCED countries can be seenin
. E, represents the efficiency of country k. E, represents the average efficiency of country
k, when it is seen by the best “ perspective” of al other countries.

Table 1 is ranked by increasing order of E,. Netherlands is the best scored country.
Finland, Sweden and Switzerland follow with average cross-efficiencies of 1.12, 1.14 and 1.15,
respectively. At the end of this ranking Iceland, Italy and Greece appear with average cross-
efficiencies of 29, 106 and 237.

The fact that an inefficient country can be ranked before an efficient country shall be
emphasized. This means that this inefficient country is “better” from the others' point of view

(weights) than the efficient country ranked below it. An example of that is Austria, with an
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average cross-efficiency of 1.74 and a BCC inefficiency of 1.36, that is ranked before France,
with an average cross-efficiency of 2.64 and being BCC efficient.

5.4 Level efficiency

In Divine (1986), and independently in Tavares (1998), a smple way of grouping the
DMUs into classes or levels of efficiency has been proposed. These levels are obtained by
phases, one for each level. Firstly, aDEA model (VRS in this study) is used to get the first level
efficient DMUs. Then, the same DEA model is used again but the DMUs to be analyzed are the
inefficient DMUSs of the first phase. The efficient DMUSs obtained in the second phase are the
efficient DMUs of the second level. This iterative process is repeated until a phase with no
inefficient DMUs is found.

Table 2: Level efficiencies of OECD countries.

Levd efficiencies of OECD countries

19 level EE Il -l EE s Bl (- =l EE B EE B
AUL BEL CAN DEN FIN FRA GER ICE JAP LUX NET NOR NZ SWE SWI USA
ordl level = E D IE = I - B EE
AUS HUN IRE ITA KOR MEX POL POR UK
- B2 B2
3rdlevel CR GRE SPA TUR

Three levels of efficiency have been found in this study, which are displayed inftable 2
The (BCC) efficient countries (see[figure 5) are the countries in the first level. The (BCC)
inefficient countries (see figure 6) are split into two levels.

As suggested in Tavares (1998), studying each level separately could be a more redlistic

approach to analyze the modernization degree of telecommunications services, enabling to

develop stepwise modernization strategies.

6 Conclusion
In this study, an analysis of telecommunications services in OECD countries has been

carried out. A functiona model has been proposed to evaluate the modernization degree of
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public telecommunications services in OECD countries. This evauation was based on the
relative efficiency calculated by the DEA performance evaluation technique. In particular, the
VRS DEA model, under radial output maximization, has been used.

Several approaches, including reference frequency, cross-efficiency, super-efficiency and
level efficiency, have been used to evaluate the performance of OECD countries. Each approach
has a different interpretation and, therefore, different rankings were obtained. Currently, the
authors are working to find a consensus ranking from these individual rankings.

The level efficiency approach shall be emphasized because it is a technique to partition
the set of DMUs into classes, where a country is “similar” to the others in the same efficiency
class. According to this study, there are three levels of efficiency in which the 29 OECD
member countries are partitioned.

Other possible future developments of this study are: using other type of returns to scale
(e.g., constant returns to scale (Charnes et al., 1978)); using different projection orientations
(e.g., Smultaneous inputs minimization and outputs maximization (Thanassoulis, 1996)); using
weight restrictions (e.g., DEA cone ratio models (Charnes et al., 1989)); making a multi-period

anaysis (e.g., Mamaquist index (Féare et a., 1992)).

7 References

Andersen, P. and N. C. Petersen, (1993), "A procedure for ranking efficient units in data
envelopment analysis', Management Science, 39 (10), 1261-1264.

Banker, R. D., A. Charnes and W. W. Cooper, (1984), "Some models for estimating technical
and scale inefficiencies in data envelopment analysis”, Management Science, 30 (9), 1078-1092.

15



Bouyssou, D., (1999), "Using DEA as a tool for MCDM: Some remarks®, Journal of the
Operational Research Society, 50 (9), 974-978.

Charnes, A., W. W. Cooper and E. L. Rhodes, (1978), "Measuring the efficiency of decision
making units’, European Journal of Operational Research, 2, 429-444.

Charnes, A., William W. C., Q. L. Wel and Z. M. Huang, (1989), "Cone ratio data envelopment
analysis and multi-objective programming”, International Journal of Systems Science, 20(7),
1099-1118.

Divine, J. D., (1986), Efficiency analysis and management of not for profit and governmentally
regulated organizations, Ph.D. dissertation, College and Graduate School of Business,
University of Texas, Austin, USA.

Doyle, J. R. and R. H. Green, (1994), "Efficiency and cross-efficiency in DEA: Derivations,
meanings and uses", Journal of the Operational Research Society, 45 (5), 567-578.

Fare, R., S. Grosskopf, B. Lindgren and P. Roos, (1992), "Productivity changes in Swedish
pharmacies 1980-1989: A non-parametric Malmquist approach”, The Journal of Productivity
Analysis, 3, 85-101.

International Telecommunications Union, (1998), World tel ecommuni cations devel opment report
1997.

Seiford, L. M. and R. M. Thrall, (1990), "Recent developments in DEA: The mathematical
programming approach to frontier analysis*, Journal of Econometrics, 46, 7-38.

Sexton, T. R, R. H. Silkman and A. J. Hogan, (1986), "Data envelopment analysis. critique and
extensons'. In: Silkman, Richard H. (ed.), Measuring efficiency: An assessment of data
envelopment analysis, Jossey-Bass, 73-105.

Sueyoshi, T., (1994), “Stochastic frontier production analysis. Measuring performance of public
telecommunications in 24 OECD countries’, European Journal of Operational Research, 74,
466-478.

16



Tavares, G. and C. H. Antunes, (1999), Evaluation of the modernization of telecommunications
services in OECD countries using DEA: The situation of Portugal (in Portuguese), Investigacéo
Operacional, 19, 177-192.

Tavares, G., (1998), Data envelopment analysis. The basic models and their main extensions. A
model to analyse the modernization of telecommunications services in OECD countries (in
Portuguese), M.Sc. dissertation, Faculty of Sciences and Technology, University of Coimbra,
Portugal.

Thanassoulis, E., (1996), Warwick DEA user manual, Warwick Business School, Warwick
University.

17



