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Experimenting with the Effect of Tariff Changes 
on Traffic Patterns 
Gerald Cohen 
GTE Service Corporation, Stamford, Connecticut, USA 

ABSTRACT 

GTE Service Corporation has undertaken to experiment with 
exchange service pricing and to study the effect of tariff 
changes on teletraffic patterns as a function of a number 
of parameters including several demographic factors. This 
is part of a comprehensive study to assess the economic 
effect of introducing usage sensitive tariffs for local 
telephone service. A review of experimental design and 
theoretical analyses, a description of the field trial 
and experimental tariff, and certain general empirical re
sults to date are presented. Observations of subscriber 
traffi c characteristics under flat rate pricing including 
intergroup traffic flows as a f unction of time of day and 
the implied impact of usage sensitive pricing are also pre
sented and discussed. 

1.0 INTRODUCTION 

At present in the United States the revenue requirement 
for local service is met predominately by averaging the 
cost s over groups of customers. The groups are defined as 
a function of class (business or residence), grade (1-
party, 2-party, etc.) , and number of subscribers in the 
local service area. The charge for basic service for each 
customer in a group is a uniform monthly fee independent 
of usage. Consequently, until recently our traffic 
studies were conc erned almost exclusively with office en
gineering considerations. 

Recently, economic inefficiencies associated with flat 
rate calling are attaining recognition and a new trend to 
place the burden of expense on those who make greatest use 
of the service has surfaced. Consequentl y, a number of 
proposals for usage sensitive pricin- have been put forth 
by the companies and by government policymakers. Hence, 
telephone companies in the United St ates are now taking a 
greater interest in disaggregate subscriber behavior. 
tiforeover , the one question about which least is known is 
how behavior will change as a functio n of radical changes 
in the tariff. 

GTE Service Corporation has undertaken a comprehensive 
study t o assess the economic effect of introducing non
optional usage sensitive tariffs for local service. The 
study approach consists of theoretical investigations and 
a scientifical ly designed field trial augmented by attitu
dinal research. A model for extending the results to 
broad classes of exchanges is planned . The study is 
unique and represents a major step t oward developing an 
understanding of the economic impact of changing from flat 
t o usage sensitive rates. 

This paper presents a review of experimental design and 
theoretical analyses, a description of the field trial and 
experimental tariff, and certain general empirical results 
to date . It presents observations of sub"scriber traffic 
characteristics under flat rate pricing including inter
group traffic flows as a function of time of day and the 
implied impact of usage sensitive pricing. A companion 
paper "Customer Line Usage Studies" by M. G. Hartman, R. 
D. Graves, and J. B. Cole also presents results of related 
analyses that were undertaken by GTE. 

2 . 0 STUDY PLAN 

Figure 1 diagrammatically represents the construct of the 
study. The box at the top of the diagram labeled "GTI 
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Exchanges" represents the operational aspects of the 
study; namely, the people, the equipment, the systems and 
procedures, and so forth. This is the source of opera
tional data such as usage statistics, costs, and revenues. 
From here there are three main flows as represented on 
Figure 1 by the three side-by-side vertical streams of 
phrases connected by arrows. The center stream represents 
the usage data flow and analyses resulting in "Discoveries 
About Exchange Services", i.e., resulting in increased 
knowledge of usage patterns first under flat rates and 
subsequently under measured rates. Through this process 
we hope to learn about the short and long term changes in 
usage as a function of introducing usage sensitive pric
ing. The right-most stream represents the consumer sur
vey and attitudinal research . By this vehicle we plan to 
hear from a representative sample of the population about 
their attitudes, perceptions, and opinions . The demo
graphic data gathered in conjunction with the survey is 
intended f or statistical analysis . By combining these 
statistics with usage statistics it will be possible to 
better assess the social impact of usage sensitive tar
iffs. The left-most stream represents parametric (sensi
tivity) analysis that is being conducted in parallel. As 
operational data becomes available, it is provided to the 
analysts to better hone the parameter limits. This data 
flow is indicated in Figure 1 by broken lines. The re
sults from the mathematical models and analysis is an ap
proximation of primary financial effects. As shown on 
the exhibit, the results from these three main flows will 
be incorporated with the results of other considerations 
to generate an initial recommendation . By other consi
derations I mean two things: 1) pragmatic considerations 
such as plans and proposals presented tc the company by 
others in the industry, by government, and by special in
terest groups; and 2) questi ons of a theoretical nature 
such as equity and economic efficiency. Following this, 
management would review the initial r ecommendation ; and 
as represented in Figure 1 , if s o indicated, we would de
velop an implementation pl an and specific rec ommendation . 

Figure 1. Study Plan Diagram 
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The study and experiment is planned to progress through 
four main phases. Two have been successfully completed. 
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The third is about to commence but awaits approval of the 
Illinois Commerce Commission. 

In the initial phase of the study, the technical litera
ture was reviewed to determine whether or not studies sim
ilar to GTE 's Measured Local Service Study have ever been 
conducted or documented. We reviewed economics textbooks 
and journals for theoretical material on marginal cost 
pr1c1ng. We evaluated the two price structures (that is, 
measured rates and flat rates) in terms of the basic rate
making objectives that have been traditionally employed by 
telephone utilities. We also undertook engineering, econ
ometric, and mathematical studies to gain further insights 
into the nature of demand for local service, the charac
teristics of local usage, multi-part tariff concepts, 
meter technology and costs, and associated effects on rev
enues. On the basis of these investigations it would have 
been possible to develop an economic assessment and policy 
recommendation based primarily on theory. However, confi
dence in such assessment is circumscribed by the absence 
of relevant data. Therefore, we proceeded to design an 
experiment. An appropriate telephone operation in which 
to conduct the trial was identified and specific test ex
changes were selected. 

Entering into the second phase of the study we designed a 
schedule of experimental measured tariffs for four classes 
of service (I-party residence , I -party business, key 
trunks, and PBX trunks) that would generate approximately 
the same local service revenues as would be generated un
der flat rates. This tariff design relied upon analysis 
of sample usage data from the proposed test exchanges and 
employed assumptions of modified usage that were derived 
in part from Kraepelien ' s work (Reference 1). Subsequent
ly, plant and administrative changes were made, the meters 
installed and checked, the bill ing processes adapted to 
the measured tariff, and operating company personnel 
trained. We continued to charge flat rates while operat 
ing the meters in the selected exchanges. Disaggregate 
data was collected to establish usage benchmarks and to 
provide flat rate usage profiles. We engaged a qualified 
independent organization* to design and conduct consumer 
surveys and to inc lude the resulting attitudinal research 
in our analysis. So far, two survey waves have been con
ducted. Following the first survey we informed the public 
of our intentions to study usage sensitive rates for local 
service. This was done by way of news releases to radio, 
television , and local newspapers, as well as by bill in
serts. Then on a cycle basis we issued bill inserts that 
stated the customer's usage for the prior month , what his 
charges would have been if usage sensitive tariffs were 
effective, and how much more or l ess than his flat rate 
bill this amounts to. These bill inserts have been rou
tinely provided since the beginning o f October 1975. The 
second survey wave was conducted after two full cycles of 
"duplicate billing" were issued . Concomitantly we have 
under development a production model f or analyzing costs 
and a revenue model for analyzing the revenue effect of 
measured rates . These models are designed with the inten
tion of extrapolating the results observed in the selected 
exchanges t o a wide range of applic ations. We have also 
been following developments in the i ndustry, policy papers 
by Federal and state regulators, and the li terature on 
pricing and public utility economics . 

Our proposal f or the third phase of t he study is actual 
billing under usage sensitive tariffs for a period of 
twelve months. Our attitudinal research consultant would 
conduct the final waves of the consumer survey during this 
phase after any shifts in usage will have stabilized. The 
fourth phase of the study is reserved for integration of 
results and overall evaluation of usage sensitive pricing 
for local service. 

3.0 EXPERIMENTAL DESIGN 

Because the main thrust of the experiment is to obtain re
sults that may be applied elsewhere, careful consideration 
was given to the following three elements: 1) selection 
of test exchanges, 2) design of the experimental tariff, 
and 3) determination of demographic data and other consum
er fact ors . Each is discussed in turn. 

*Opinion Research Corporation of Princeton, New Jersey. 
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3.1 SELECTION OF TEST EXCHANGES 

The test exchanges were selected statistically from a to
tal of 1,946 exchanges throughout the fourteen coterminous 
GTE operating companies. These exchanges were selected, 
subject to certain constraints , on the basis of profiles 
of the fourteen companies compiled from descriptors of 
each company. Data comparisons used in the selection of 
these exchanges included: 1) main stations per exchange, 
2) population density, 3) household penetration, 4) amount 
of extended area service, 5) annual local minutes of use, 
6) annual toll minutes of use, 7) annual number of calls, 
and 8) demographic characteristics. Initially, the ex
changes were classified in accordance with a four factor 
nested (completely hierarchical) scheme. In a completely 
hierarchical design each factor is nested within the pre
ceding factor. The four factors are: 

Fl - Geographical Region (TelCo is defined as smallest 
region) 

F2 - Exchange Size in Main Stations - 5 levels 
F3 - Free Calling Area Multiplier - 3 levels 
F4 - Exchange Population Density - 3 levels 

In this classification scheme for the ith Fl level there 
will be 5 x 3 x 3, or 45, distinct categories of exchanges 
to consider, assuming all factors are significant as far 
as characterizing a usage profile. A preliminary analysis 
of the exchange population by this classification scheme 
indicated that exchange population density (F4) was the 
least significant factor for explaining variation in ag
gregate usage. This factor was, therefore, later 
disregarded . 

The preliminary analysis showed that a model of the form 

Where: LX 
MS 
CA 

annualized local exchange minutes/mainstation 
main stations per exchange 
main stations per free calling area 

provides a good least squares fit to aggregate statistical 
data. This model thus appears to adequately explain in
terclass variations in aggregate usage. Classes are de
fined as groups of exchanges assembled on the basis of 
the nested factors. 

Figure 2 illustrates the goodness of fit of this model to 
GTE aggregate statistics. Consequently, it was decided 
to select a test company on the basis of matching usage 
profiles of individual companies with the GTE usage pro
file. With this approach we could begin to avoid select
ing an anomalous sample . 

Fieiure 2. Model to Explain Interclass Variations of LX 

LX = A(MS)0.2l8 (1 + ~)0.0607 
R2 = 0.97 
STD Error 1% 
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Thus, twenty F1 levels were established, one for each of 
the f ourteen companies , one for each of five groupings of 
the companies into standardized geographical regions of 
the country, and one for GTE (i.e., all mainland compa
nies). For each F1 level a nested profile was developed 
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using approximately five descriptive variables (i) per 
cell (j). The profiles were then matched to the GTE pro
file using a weighted distance metric of the following 
form: 

Regulatory factors, such as number of jurisdictions in 
which the TelCo operates and other intangibles, were also 
taken into consideration. General Telephone Company of 
Illinois ranked second in profile match but was selected 
to be the test company over the first ranked company for 
some of these latter reasons. 

Approximately fifty exchanges were ultimately identified 
as possible test exchanges. These were carefully studied 
to eliminate those with equipment configurations that 
might be incompatible with the electronic data gathering 
system, with floor space limitations, with power problems, 
or which serve communities where service may have been 
sub-standard, etc. From this fi nal list, the three test 
exchanges were randomly selected. As a last check, we 
again examined economic trends, census data, and other 
available demographics for the three exchanges in order to 
avoid selecting an improper test site. 

3. 2 DESIGN OF THE EXPERIMENTAL TARIFF 

The tariffs to be used in the experimental exchanges for 
determining subscriber reaction to l ocal measured rates 
must simultaneously meet requirements imposed by: 1) the 
experimental design, 2) the subscriber, and 3) the tele
phone company. In the terms of the experiment , the tariff 
must be a sufficient departure from the existing flat 
rates to stimulate discernible subscriber reaction. Fur
ther, the tariff must be such that the information gained 
on subscriber reaction can be extended to proposed tariffs 
in other exchanges. From the subscriber's point of view, 
the tariff must be acceptable and easy t o understand. Its 
acceptability and understandability will likely be judged 
by the subscriber in relation to his former flat rate 
charge. Since the tariff is usage sensitive, its accept
ability once the tariff is implemented may vary according 
to the subscriber's usage, as reflected in his monthly 
bi ll . From the telephone company's point of view, the 
tariff must produce adequate revenues with an acceptable 
stability. It must be easy to administer and suitable for 
use as a permanent tariff, if necessary. These factors, 
and others, were taken into consideration in selecting the 
tariff form, the number of experimental tariffs, and the 
values of the tariff parameters to be used in the 
experiment. 

In its most general form, a measured tariff consists of a 
fixed component and a usage sensitive component. The 
fixed component is a basic monthly charge; the usage sen
sitive component consists of a charge per unit of one or 
more measures of the subscriber's usage. Such measures 
include outgoing and incoming call setups, call holding 
times, and calling distances; peak and off-peak pricing 
could also be included; 

Charging on the basis of one or more of these measures is 
likely to induce changes in the values of all the sub
scriber usage measures, as well as in the amount of other 
services elected by the subscriber. Moreover, the sub
scriber is unlikely to react to , each parameter charge in
dependently . This could add considerable complication to 
the statistical problem of estimating the effect of a us
age sensitive tariff on subscriber usage. This, taken in 
conjunction with the rather limited sample of subscribers 
distributed in three exchanges, led to the decision to 
limit the number of usage parameters in the experimental 
tariff. 

The next design consideration concerns the number of tar
iff specifications (different sets of parameter values) to 
be used in the experiment. From a statistical point of 
view, the number of lines operating under a given tariff 
constitutes the sample on which estimates of subscriber 
reaction to that tariff will be made. If subscriber reac
tion is a function also of other variables (e. g. , income, 
flat rate usage), then the number of lines in a given 
class of service may have to be considered as several 
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sample populations (e.g., high, medium and low incomes or 
usage). Therefore, to maximize the size of each sample 
popUlation the same t~iff should be used in all exchanges. 
If the three exchanges were in the same rate band*, this 
would be easily accomplished. However, the test exchanges 
fall in three different rate bands and, consequently, op
erate under three different sets of flat rates. This 
fact, coupled with a lack of knowledge of the factors 
stimulating subscriber reaction to a measured tariff, 
leads to the problem of deciding what constitutes the 
"same" measured tariff for exchanges presently operating 
under different flat rates. For this reason, we decided 
upon two distinct tariffs. One would be employed in the 
two smaller exchanges (Clinton and Tuscola) which are in 
adjacent rate groups with very small flat rate charge dif
ferences and the other would apply to the third (i.e., 
largest) exchange (Jacksonville). 

The present flat rates represent the average amount of 
revenue required per subscriber at the present time. Un
der a measured tariff the cost of metering will increase 
the revenue requirement per subscriber. However, for the 
experiment these expenses will not be included in the rev
enue requirement because doing so presents a price in~ 
crease to the subscribers in addition to a change in pric
ing method. The experimental tariffs are specified to 
provide an average revenue equal to the present flat rate 
revenues. Even with this constraint there remains a wide 
range from which to choose the parameter values. The pos
sible combinations of values which could be used while 
still satisfying a revenue requirement in a given exchange 
can be represented by an n-dimensional surface, where n 
is the number of tariff parameters. 

Points near the boundaries of the surface represent "ex
treme" tariff specifications in that they involve either 
very high or very low values f or one or more of the para
meters. While such tariffs might be interesting from an 
experimental viewpoint (because they are most likely to 
stimulate the greatest change in subscriber usage), they 
are unlikely to be acceptable to the subscriber or to the 
telephone company; therefore, they are not suitable for 
permanent use. For instance, very low values of the basic 
charge provide low ratios of fixed-to-variable revenue 
with a resultant decrease in revenue stability and, there
fore, are undesirable from a company point of view. High 
values f or the unit charge would be in contrast to those 
presently in use in other measured tariffs and also to 
present coin telephone local charges and, therefore, would 
be unacceptable to the subscriber. On the other hand , a 
relatively high basic charge would require either a high 
usage allowance or a very low unit charge. However, a 
high usage allowance results in a minimal usage sensitive 
tariff. Also, a very low unit charge would be unlikely 
to stimulate subscriber reaction since the marginal 'cost 
of his additional usage would be small. Consequently, it 
was decided that moderate values should be used for the 
tariff parameters and that these should be selected so 
that the revenue produced by the measured tariff is ap
proximately the same as the revenue derived under the pre
vious flat rates. 

If, with the introduction of measured rates, no change in 
subscriber usage was anticipated, the appropriate tariff 
parameter values could be obtained by observing subscriber 
usage under flat rates and solving a relatively simple 
equation relating the tariff parameters, usage, and the 
revenue requirement. However, it is reasonable to expect 
that the introduction of measured rates will affect sub
scriber usage; and in order t o avoid unreasonable revenues 
being produced by the experimental tariffs, it was neces
sary that some attempt be made to anticipate the subscrib
er reaction and select the experimental tariff accordingly. 

In order to gain insights into the potential reaction, 
two approaches were used. One was based on the work of 
H. Y. Kraepelien (Reference 1) in which he suggested and 
used empirical data to demonstrate that the relationship 
between the average usage under measured rate and the av
erage usage under flat rate is given, in terms of the 

*For the purpose of ratemaking, a company's exchanges are 
classified into groups (rate bands) on the basis of ex
change size (in number of main stations). Rate schedules 
are established for each gr oup. 
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tariff parameters, by: 

f F(U) du 
Uo {l + ~(U - UO)}q 

Where: F(U) subscriber usage density function* 
~ usage allowance 
Uo average usage exceeding Uo under measured 

rate 

q 

excess usage unit charge 
monthly basic charge 
individual subscriber reaction cooefficient 

Which he further suggests can be approximated by: 

Where: U average flat rate usage of a group of subscribers 
Q = reaction coefficient of a group of subscribers 

The second approach to anticipating subscriber reaction 
involved classical demand theory and attempted to relate 
average measured rate usage to the tariff parameters and 
t'lat rate usage through the theory of price elasticity. 

Clearly, neither of these approaches could provide a de
finitive description of subscriber reaction because of: 
1 ) the lack of existing data on the reaction coefficients 
q and Q and on subscriber price elasticitiest, and 2) a 
pau~ity ,f data on subscriber usage. The available data 
or, the latter were augmented through precalibration tests 
conducted in the test exchanges. 

An estimate of average (flat rate) usage for each class of 
service was made . Assumptions regarding the form of the 
subscriber usage distribution and typical values of its 
mean and standard deviation were made based on Kraepelien's 
work, on independent analyses made of usage data from 
several California exchanges, and on estimates of maximum 
line occupancy. Using the available data on average usage 
and exchange composition and incorporating Kraepelien's 
formula for the shift in subscriber usage, the sensitivity 
Jf subscriber usage to the tariff parameters was examined 
and taken into consideration. 

In summary, the experimental tariffs are intended to re
tain some of the traditional differences in subscriber 
classification and to be generally acceptable and easy to 
understand. Further, the tariffs are designed such that 
the information gained on subscriber reaction can be ex
tended to proposed tariffs in other exchanges . Conse
quently, the basic monthly rate for residential service 
was set at approximately 40% of the existing residence 1-
party flat rate for the base rate area and the basic 
monthly rate for business lines set at approximately 60% 
of the existing business I-party flat rate for the base 
rate area. In determining the rate for suburban service, 
the monetary differentials between urban services and sub
urban services have been maintained. Thus, in all cases, 
the monthly basic charge would be computed as the sum of 
the monthly basic rate plus other "nonusage sensitive" 
charges (e,g., suburban service, extensions). 

Usage is now measured in terms of originating traffic; and 
usage charges will be assessed for a l l originating local 
ana extended area service calls with the exception of di
rectory assistance, repair service, and calls to the GTe 
')f I ~ linois business offices. The same usage charge will 
apply to both business and residence. The monthly usage 
charge would be computed as the product of the usage rate 
and measured usage for the month. The Jacksonville tariff 
includes a compound usage rate consisting of 2 cents per 

*The subscriber usage density functi on gives the fraction 
of subscribers who, on the average, use U units of usage 
per month under flat rate. 

tKraepelien gives rule of thumb values for q and Q based 
on empirical data gathered over a number of years for 
various cities throughout the world. The applicability 
of his result to local service tari f fs for GTE company 
exchanges remains to be established. 
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call and 1 cent per minute. The Clinton and Tuscola tar
iffs include a simple charge of 1.5 cents per minute. 
Thus, in the instance of either tariff, a 4-minute call 
costs 6 cents. The total monthly charge for local service 
would be computed as the sum of the monthly basic charge 
and the monthly usage charge. Also, parameter values for 
each class of service were chosen so that average revenue 
per subscriber under the usage sensitive tariffs approxi
mately equals the current flat rate charge for exchange 
service. 

3.3 DETERMINATION OF DEMOGRAPHIC AND CONSUMER FACTORS 

The purpose of the survey research which is being conduct
ed in conjunction with the experiment is: 1) measure con
sumer attitudes, and 2) gather demographic and other neces
sary background. The latter is of particular importance 
to the development of models which could be used to esti
mate the effect of tariff changes in other locales. One 
requirement placed on the survey contractor is to design 
and implement appropriate sampling procedures. The sample 
should provide a statistically valid survey of the user 
population. The composite study result would then be a 
picture of how local usage changes when usage sensitive 
rates are introduced, who is most affected by such a 
change, and ~ local usage patterns change. 

The survey universe includes all active private line tele
phone accounts in the exchanges serving Clinton, Jackson
ville, and Tuscola as of the end of July 1975. Since this 
is a longitudinal study, we will not add later installa
tions to the list. (New installations will, however, be 
subject to the usage sensitive tariff.) All telephone 
numbers in the subject exchanges are arrayed by: 1) ex
change, 2) type of account, and 3) local usage in minutes. 
Each of these is a factor in the sample design. 

All three communities (exchanges) are represented in the 
telephone numbers selected for each wave*. A minimum of 
approximately 100 interviews will be completed in each 
community in each wave. The number of interviews assigned 
is not in exact proportion to the total available numbers 
since a disproportionate number had to be completed in the 
smaller communities in order to meet the minimum of ap
proximately 100 interviews in each. 

The survey universe includes these types of accounts: 

RF - regular customer (residence) 
RA - business single line 
RB - business multi-line or key 
RC - business PBX or PABX 
JC - hotel/motel commission 
Telephone company employees 
Government accounts 

Since each is listed separately within an exchange, we 
could represent each type of account proportionately by 
selecting accounts at a fixed interval. This procedure 
was followed in selecting a residence sample, 

Sampling for business accounts is necessarily more complex. 
All in all, we wish to obtain 100 business customer inter
views in each wave. Forty of these interviews in each 
wave could be with PBX customers, with the balance with 
single line and key service customers. Because there is a 
total of only 44 PBX billing numbers in the three communi
ties (even adding the JC accounts and the 11 government 
accounts), it is apparent that rather than sampling the 
accounts we are conducting a virtual census on each wave. 

With the remaining business customers, the target numbers 
of interviews in each community are not distributed in pro
portion to population incidence. Again, we have made ad
justments to increase the proportion of key customers in
terviewed and to give proportionately higher representation 
to the smaller communities. 

*Three or more survey waves are planned. The first prior 
to any announcements; the second after the customers have 
been made aware of the study; the third and any subse
quent waves after the reaction to a change to usage sensi
tive tariffs has stabilized. 
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The accounts were arrayed within exchange and type of ac
count by the number of minutes of local usage in a speci
fied period of time. A simple constant interval sample 
of the lists of RF, RA, and RE accounts includes a repre
sentative sample of all usage levels. Interviewing was 
controlled so that telephone numbers from every range ac
cording to usage were dialed on Wave I. Interviewers 
kept a record of the outcome of each call dialed. The re
sults of Wave I were examined for any possible correlation 
between completion rate and rank by usage. There was a . 
small, but positive, correlation between usage and the 
probability of being interviewed. The potential effect of 
this on the results is very small. 

Stratification of residence accounts by community is ac
complished by setting a target of n interviews for each 
city (n is not exactly in proportion to the number of 
telephone accounts in each city, being somewhat larger 
than a pure proportion would indicate in the smaller com
munities). Considering RF accounts (regular customer -
residence), we see the following universe and sample 
characteristics: 

Number of Specified 
Exchange RF Accounts Target Interviews 

Clinton 2,786 (26%) 150 (30%) 
Jacksonville 6,381 (59%) 250 (50%) 
Tuscola 1,570 (15%) 100 (20%) 

10,737 500 

This is to ensure that we obtain a minimum of 100 resi
dence interviews in each community. 

For Clinton and Jacksonville exchanges, a 10% sample is 
indicated. A random starting point from 1 to 10 was se
lected, and each item having that final digit in its iden
tifying number was selected. (Note that the identifying 
number is not the phone number. It represents the posi
tion of that account in the ranking by usage.) Two digits 
were selected for the 20% sample indicated for Tuscola. 

The final dimensions of the Wave I sample were: 

Total Available Sample To Get ( 
Exchange Numbers Size Interviews 

Clinton 2,786 278 150 
Jacksonville 6,381 638 250 
Tuscola 1,570 314 100 

It should be noted that the sample of residence customers 
f or each wave is an independent sample. Different people 
are interviewed in each wave. However, the careful sam
pling design ensures that the samples are comparable. 

For business customers the situation is different. As 
noted above, we try to interview all PBX accounts in each 
wave. The samples of other business customers are inde
pendent. The universe for business customers is as 
follows: 

Exchange 

Clinton 
Jacksonville 
Tuscola 

290 76 6 
767 210 44 
212 55 11 

3 375 
3 1,024 
1 279 

Since the basic universe is of billing numbers, the list 
above slightly overstates the number of elements in the 
universe. 

PBX PBX Billing JC 
Exchange Accounts Numbers Accounts 

Clinton 6 5 3 
Jacksonville 44 34 3 
Tusco1a 11 5 1 

hl 44 7" 

We tried to complete an interview with every PBX customer, 
but we actually completed 30. We will be conducting a 
vertical census of those 30 customers on each wave. 
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The universe of other business accounts looks like this: 

Exchange RA ~ Total 

Clinton 290 76 366 
Jacksonville 767 210 977 
Tuscola 212 55 267 

1,269 341 1,610 

Results of any survey are subject to sampling tolerances. 
The probable limits of such tolerance can be estimated by 
standard statistical methods. The sampling tolerances 
vary with the size of the sample and the magnitude of the 
percentage results. Also, tolerances are involved in the 
comparison of results from different parts of anyone 
sample. 'A difference, in other words, must be of at 
least a certain size to be considered statistically sig
nificant. The sampling tolerances will be taken into con
sideration when comparing results from subgroups of the 
total sample and when drawing conclusions from the ob
served results. 

Between September 27 and October 8, 1975, interviewers 
conducted 504 telephone interviews with GTC of Illinois 
residence' customers and 100 interviews with business cus
tomers. This constituted Wave I. Wave 11 was conducted 
in a similar fashion between December 3 and 13, 1975. 
The average residence interview lasted 23.2 minutes; the 
average PBX, PABX, or government account interview was 
19.5 minutes long . 

The accuracy of the interviewers was checked in the course 
of regular monitoring. Also, each interviewer's work was 
examined by the study director f or any indication of bias 
introduced by an interviewer. A computer analysis of 
responses to key questions shows no evidence of bias in
troduced by interviewers. 

Interviewers asked to speak to the male or female head of 
household at each number they dialed. Interviewers were 
assigned male/female quotas to force a nearly 50/50 split. 
The figures highlighted below represent the distribution 
of characteristics among telephone households in the sub
ject communities. The Wave 11 data do not vary signifi
cantly from the Wave I figures. 

23% did not complete high school; 41% have a high school 
degree; 20% have college or post graduate degrees; and 
an additional 16% of those we spoke to have had some 
kind of schooling beyond high school 

) 44% are between 18 and 39; 34% are between 40 and 59; 
21% are 60 or older 

76% are married; 16% are widowed, separated, or di
vorced; and 8% are single 

) 48% say that at least one child under 18 lives in the 
household 

) 86% live in a one-family home or a mobile home and 73% 
own their home (or it is owned by someone in the house
hold) 

) 35% have a total household income of $12,000 or less; 
21% are in the $12,001 to $16,000 range; 32% say they 
earn more than $16,000 a year. 12% of the respondents 
declined to give their income . Those people are distri
buted evenly across the universe, not clustered in any 
one community. 

Data of this type is being retained in coded form together 
with actual measured usage and will be utilized for de
veloping a model of subscriber usage. The anonymity of 
respondents will be maintained. No information will be 
released that in any way will reveal the identity of a 
respondent. 

4.0 PRELIMINARY RESULTS 

The object o~ the experiment is to determine the nature 
of dependency of subscriber usage on tariff parameters. 
The results to date are, however. limited to observations 
and inferences that are based upon flat rate usage. We 
had hoped to include in the results observations from at 
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least three months of usage under measured rates. Unfor
tunately, this was impossible to do because the actual 
billing phase of the experiment has been subjected to pub
lic hearing. At this writing we are awaiting the hearing 
examiner's recommendation upon which the Illinois Commerce 
Commission will act. Nevertheless, the flat rate usage 
and related inferences on its own merit are worthy of our 
attention. The paper by Hartman, Graves, and Cole uses 
some of these results concentrating on analytical ques
tions of traffic per se. Here I will present the data in 
a different context. My interests are in terms of the 
user, the flow of traffic (messages and conversation min
utes) between users, usage as a proxy for cost, the allo
cation of costs among users (revenue sources), and pricing. 

4.1 USAGE STATISTICS 

In this section is a basic exposition of data. Certain of 
the processed aggregate statistics are illustrated, no 
analysis is presented. Detail call records (which include 
originating and terminating telephone numbers, time of 
day, and duration of call) are maintained for analytical 
purposes. The data presented here was developed from 
those call records. In the interest of conservation of 
space, only data for Jacksonville, the largest of the 
three test exchanges, is presented. 

Table 1 displays the monthly average usage in terms of 
both )riginating (ORIG) and originating plus terminating 
\ 2 WAY ) traffic. Traffic is in units of total conversa
tion time per main station (MIN/MAIN), completed calls 
(i.e., messages) per main station (CALLS/MAIN), and aver
age length of message (MIN/CALL). Originating traffic 
statistics can be developed fairly s i mply whereas the de
velopment of two way traffic is somewhat more complex. 
The former involves class marking of telephone numbers, 
sorting, and simple arithmetic. The process can be fur
ther simplified if billing data is available. The latter 
requires processing of detail call records to extract the 
class mark, sort, and aggregate the data on terminating 
numbers, a task which is tedious even for a digital 
computer. 

Table 1. Monthly Average Usage 

~ ~ ~ ~ 

ORIG MIN/MAIN 359.17 309.03 350.21 1118.17 

ORIG CALLS/MAIN 92.42 145.18 183.34 446.59 

ORIG MIN/CALL 3.91 2.13 1.91 2.50 

2 WAY MIN/MAIN 591.17 627.78 834.06 2011.01 

2 WAY CALLS/MAIN 170.78 356.48 427.04 858.00 

2 WAY MIN/CALL 4.05 1. 76 1.95 2.34 

Tables 2 and 3 display the flow of traffic between resi
dence and business customers for the office peak hour and 
for an average day. Table 2 shows what fraction of the 
traffic originated by residence or by business customers 
terminates on residence lines and what fraction terminates 
')0 business lines. Table 3 shows what fraction of the 
traffic terminating on a residence or a business line was 
originated by a residence cust omer and what fraction was 
originated by a business customer. Traffic (usage) is 
presented in terms of percent messages and percent minutes. 
The utility of this break-out of data will be appreciated 
when the peak pricing analysis will be conducted. It is 
interesting to note from Table 2 that during the peak hour 
approximately 45% of the residence originating calls ter
minate on a business line but only about 17% o~ their 
originating conversation minutes terminate on business 
lines. Also from Table 3 it may be observed that more 
than 50% of the traffic terminating on business lines 
originated with a residence customer. 
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Table 2. Distribution of Originating Local Traffic 

Peak Hour Average Day 
Res Bus Total Res Bus Total 

Res 
% Calls 55.4 44.6 100% 72.1 27.9 100% 
% Min 82.8 17.2 100% 85.7 14.3 100% 

- - - - -
Bus 

% Calls 30.8 69.2 100% 44.4 55.6 100% 
% Min 40.0 60.0 100% 53.6 46.4 100% 

Table 3· Distribution of Terminating Local Traffic 

Peak Hour Average Day 

~ Res Bus Res Bus 
From Calls Min Calls Min Calls Min Calls Min 

Res 75.2 87.7 52.1 53·9 78.9 87.4 57.7 57.1 

Bus 24.8 12.3 47.9 46.1 21.1 12.6 42.3 42.9 

Total 100% 100% 100% 100% 100% 100% 100% 100% 

The next three tables display average usage statistics as 
a function of certain demographic variables. They were 
particularly important exhibits in the hearings. In fact, 
the distributions of usage as a function of these vari
ables more than the means attracted great attention. It 
was particularly germane to those proceedings because of 
the focus on the possible extreme financial impact to 
certain segments of the community. The mean usage shown 
in Tables 4, 5, and 6 is not very dramatic . It seems to 
indicate that no group's usage is especially greater or 
lesser than that of other groups. In other data we did 
observe that the presence of one or more children under 
18 years of age in a household tended to be a significant 
factor in explaining relatively higher usage. It is in
teresting to note that if this population were on the ex
perimental tariff even with no change in usage over 53% 
would pay no more than they would pay under flat rates 
while the company would earn the same revenues in either 
case. Still, no more than 32% of the population prefer 
usage sensitive pricing. 

Table 4. Usage by Family Income 

$0-$7000 $7000-$12000 $12000-$16000 $16000+ 

Avg Min 

Avg Calls 

Avg M/C 

377.50 

89.40 

4.22 

439.70 

100.36 

4.38 

275.70 

77.00 

3.58 

Table 5. Usage by Average Age Head of Household 

18-29 30-39 40-49 50-59 ~ 

Avg Min 295.90 248.00 374.60 438.10 333.20 

Avg Calls 71.10 84.60 110.10 90.20 106.40 

Avg M/C 4.16 2.93 3.40 4.86 3.13 

Table 6. Usage by Number in Dwelling Unit 

347.80 

·91. 70 

3.79 

____ 1___ 2 ____ 3___ 4 ____ 5__ ~ 

Avg Min 391.40 383.30 239.30 347.60 294.90 411.02 

Avg Calls 95.60 89.30 80.90 87.30 107.30 96.00 

Avg MiC 4.09 4 . 29 2.95 2.75 4.28 

4.2 USAGE VARIATION 

From the company's viewpoint we are interested in the 
variations in usage for three reasons: 1) to determine 
the effect of revenue stability under usage sensitive 
pricing, 2) for reasons ~f tariff design, and 3) for 
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purposes of sampling in this or other studies. From the 
customer's standpoint (which, in turn, affects the compa
ny) there is interest in the predictability of monthly 
bills. 

Aggregate usage was analyzed and it was found that inter
monthly variation of exchange average usage is small and 
that any month's usage is a good estimate of average us
age. In particular, the three test exchanges do not seem 
to have a significant seasonal pattern for local usage. 
It is, however, clear that subscriber usage varies over a 
reasonably wide range. In view of this, it is important 
to determine whether or not individual usage remains rela
tively constant over time; that is, do high users continue 
to be high users and do low users continue to be low us
ers. The amount of variance in a user's calling habits is 
a prime determinant of how he will be affected by usage 
sensitive pricing, and it is also an indication of how he 
can and will react to usage sensitive pricing. 

The statistic that is used to determine the degree of user 
variance is the relationship of the standard deviation to 
the mean, which for convenience shall be called K. If K 
is large, then one would conclude that usage had a high 
variance relative to its mean and that high users one 
month could have low usage the next. If K is small, then 
one would conclude the opposite, low users continue to be 
low users and high users continue to be high users. 

To estimate K three different approaches were used. To 
begin let 

Xij = usage (calls or minutes) for customer i, i = 1, 
, N, in the jth time period, j = 1, .•• , T 

and assume the Xij are normally and independently distri
buted random variables with mean ~i and standard deviation 
cri = K~i' To assume that the usage in one month was inde
pendent of another month for a given customer seemed rea
sonable; and on the basis of available data, the normality 
assumption also seemed plausible. 

The first approach was based on the method of maximum 
likelihood . From a theoretical viewpoint this approach 
leads to estimates which many statisticians consider to be 
the "best". Employing this method it is found that the 
maximum likelihood estimate, Km, for K is 

N T 
L L 

i=lj=l 

The second approach was based on the method of moments. 
Using this approach one may generate a number of different 
estimates. However, since we are interested in deviations 
of usage around a customer's mean usage and since average 
absolute deviation (AAD) is another common measure of de
viation, perhaps AAD could be related to K and thus yield 
a new estimate for K. It can be shown through the method 
of moments that K and AAD are in fact related and that a 
reasonable estimate for K, KA, is given by 

The third approach to estimating K is to determine confi
dence intervals for K. Using a standard statistical ap
proach it can be shown that an a% confidence interval for 
K is given by 

a% Conf {(S2/a)~ < K < (S2/b}~} 

where S2 = NT~ 

and the a and b are determined such that 

b 
fx2 (NT - N) = a 
a 
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The results of each approach on Jacksonville data for 
March 1975 to October 1975 is presented in Table 7. The 
results in Table 7 show that K is in the area of 0.5; 
that is, that the standard deviation is approximately ~ 
the mean for RI minutes. The confidence interval indi
cates that the limits on K are quite narrow and that 0.5 
is a good estimate. Smaller K's for business use is con
sistent with the supposition that business calls are of 
greater uniformity. Using the 0.5 figure, one could con
clude that 70% ·of the time usage would be in the interval 
of 0.5 mean and 1.5 mean. 

Table 1· Estimates of K 
Jacksonville, March 1975 to October 1975 

Max 90% Confidence 
Likelihood AAD Limits _on K 

Rl 
Min .48 .41 .506 - .512 
Calls .35 .31 .374 - .378 

Bl 
Min .41 .34 .432 - .445 
Calls .32 .26 .333 - .343 

~ 
Min .31 .28 .329 - .345 
Calls .25 .23 .259 - .271 

Table 8 shows median estimates of K for different inter
vals of usage for Jacksonville Rl subscribers. As the 
table indicates, the higher the usage the smaller the 
standard deviation relative to the mean. This gives add
ed support to the conclusion that usage is relatively 
consistent. 

Table 8. Distribution of K by Usage 
Jacksonville Rl, March 1975 to October 1975 

Minutes Median Value of K 

o - 50 .60 
50 - 100 .49 

100 - 150 .43 
150 - 200 .40 
200 - 250 .36 
250 - 300 .35 
300 - 400 .33 
400 - 500 .30 
500 - 750 .29 
750 - + .25 

As a demonstration of the consistency of usage, Table 9 
illustrates the ±l sigma range of minutes of use for a 
low user, a medium user, and a high user. As evidenced 
by Table 9, it is unlikely a low user would overlap with 
medium or high usage. Medium users tend to be medium 
users, and high users tend to be high users, although 
there is some possibility of overlap. 

Table 9. Consistency of Usage 

~ Midpoint Cum % .JL X-1S ++ X+lS 

Low User 0-100 50 

Medium User 300-400 350 

High User 500-750 625 

4.3 USAGE AS A PROXY FOR COSTS 

21 

63 

95 

.55 22.5 - 77.5 

.33 234.5 465.5 

.29 443.7 - 806.3 

Figure 3 is a bar chart that illustrates certain relation
ships that currently exist under a flat rate system of 
charging. By observation of the first three bars we see 
that residence l-party customers constitute approximately 
81% of the customer population, originate approximately 
78% of the traffic (conversation minutes), but produce 
only 66% of the flat rate revenues. Similarly, the chart 
can be read to obtain the analogous statistics for the 
other three classes. If it is assumed that originating 
minutes is a good proxy ~or costs, then it appears that 
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the residence customers are being subsidized by the busi
ness customers . Recognizing that the second bar repre
sents 24-hour monthly usage it may be argued with validity 
that busy hour usage is a better proxy for costs. This 
latter usage is represented by the fourth bar in terms of 
originating conversation minutes. Although the fraction 
attributable to the residence group drops to approximately 
71%, an apparent subsidy is still evident. 

Figure 3. Usage Revenue Relationship 
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Referring now to Figure 4 we raise the following question: 
Are originating minutes the cost causer or could costs al
so be attributed to terminating calls and minutes? Figure 
4 is also a bar chart. It repeats the flat rate revenues 
bar of Figure 3 and introduces three new ones. If two
way monthly usage (the second bar) is chosen to represent 
costs, then the residence customer continues to enjoy an 
advantage at the expense of the business and key system 
customer. If two-way minutes of use during the busy hour 
(third bar) are to be used as the cost measure, there is a 
greater correlation between the usage on the network and 
the revenue contribution from each customer classification. 
The shifts become even more dramatic if two-way busy hour 
completed calls (fourth bar) are used as the measure of 
usage. On that basis, residence customers could be viewed 
as subsidizing business usage. The essence of these 
charts and comparisons is to pose questions as to what 
exactly is usage and what kind of usage does, in fact, 
generate costs. 

Figure 4. Usage Revenue Relationship (continued) 
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It is interesting to note that given the experi~ntal tar
iffs that we filed, a revenue burden shift onto the resi
dence group is expected. The Clinton/Tuscola tariff pro
duces a greater shift than does the Jacksonville tariff. 
This is because the former charges for usage on the basis 
of conversation time only and residence conversations (per 
call and total time) exceed those of the business group. 
In Jacksonville the charge per call and higher call rate 
of business customers tend to ameliorate this effect. 

One of the analyses which has been held in abeyance con
cerns peak versus off-peak usage and the issue of peak 
load pricing. In a preliminary investigation we were sur
prised to find that local calling is relatively uniform 
between 8:00 am and 11:00 pm which leaves little room for 
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off-peak price differentials. Moreover, consider the 
costs of peak load pricing, the potential for shifting 
traffic to off-peak periods, and the benefits to be gain
ed. Conclusions regarding this pricing technique are not 
immediately obvious. We intend to explore the issue at 
some length. 

5.0 CONCLUSION 

In this paper we have presented an overview of the GTE 
experiment with the effect of tariff changes on traffic 
patterns. There is more data available and the results 
of different analyses to present. Also, a considerable 
amount of further research is planned. The exact course 
to follow is contingent upon Commission approval to pro
ceed with the experiment. 
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