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ABSTRACT 

Hardware has been designed for use in making 
unbiased observations of customer behavior as a 
function of delay in receiving dial tone. The 
quantities observed as a function of delay 
include the fractions of customers who dial 
before receiving tone, who abandon before tone, 
and who patiently wait for tone. The 
measurements are made on the No. 1A Electronic 
Switching System (ESS) , which provides dial tone 
within a few tenths of a second; these customers 
are accustomed to excellent service. Those 
calls receiving delays are randomly selected and 
comprise only a fraction of 1 percent of all 
calls. The measurement results, together with 
discussion and interpretation, are presented. 

I. INTRODUCTION 

The detrimental impact of customer reactions to 
unexpected delays in telephone switching systems 
is legendary. Overloads can be prolonged and 
worsened by impatient switchhook flashing and by 
dialing before receiving dial tone. Circuits 
are needlessly used at a time when they are most 
needed. And processor performance can be 
degraded since a partial dial consumes between 
one-half and three-fourths of the real time of a 
completed call. The number of successfully 
carried calls can fall dramatically during 
overloads. 

One goal of an effective overload strategy is to 
expend resources on those call originations most 
likely to succeed. This is one reason to give 
trunk calls some priority over line 
originations; the trunk call has already 
succeeded in at least one other switching 
system. On the line Side, ideally a customer's 
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request for dial tone should 
promptly, before the customer has 
abandon or begin dialing. 

be honored 
time to 

This modest study was initiated to determine the 
minimum line scan rate such that few, if any, 
customers have started dialing before their 
off-hook is detected by the switching system. 

There have been many studies of customer 
behavior under various grades of service, but 
ve"ry little unbiased data has been collected 
under controlled conditions with measured 
amounts of added delay. In 1949, such 
measurements were carried out by Clos and 
Wilkinson (1) on an electromechanical panel , 
switching system. Where comparison is 
appropriate, our analysis is very similar to 
theirs. 

I!. MEASUREHERT METHOD 

The goal of our study was to obtain unbiased 
measurements of the reaction time and initial 
response of customers when they experience an 
unexpected interval of dial tone delay. The 
measurements were made on the No. 1A ESS stored 
program controlled switching system. Customers 
served by No. 1A ESS are conditioned to expect 
almost instantaneous provision of dial tone. 
Under average busy season loads, these customers 
receive dial tone within 0.4 seconds; the delays 
are uniformly distributed between 0.2 and 
0.4 seconds. However, at very heavy loads or 
under overload, the scanning delay will increase 
significantly. 

In order to obtain unbiased measurements, a 
randomly selected fraction of 1 percent of 
originations were given added delay. This was 
accomplished by attaching a "Dial Tone Delay 
Box" (DTDB) to one of the dual-tone Customer 
Digit Receivers (CDR) in a large No. 1A ESS 
switching system. The offices in which 
measurements were taken were equipped with about 
200 CDRsj the "most idle" CDR is chosen for each 
originating call. The DTDB is a specially 
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designed monitor and control circuit which has 
the following properties: 

1. delays the customer's receipt of dial tone 
by 0 to 9.9 seconds, manually selected in 
steps of 0.1 seconds, 

2. requires no software changes 
switching system, 

in the 

3. does not alter the operation of the CDR, 

4. is transparent to the call processing and 
diagnostic programs, as well as to the 
calling party, and 

5. accumulates the desired counts. 

Operationally, the DTDB is a comparatively 
high-impedance, voltage-divider network 
optically coupled to two magnetically latching 
relays on the CDR. The pertinent states of the 
CDR are indirectly determined by digitally 
discriminating the set and reset pulses of the 
relays. It was possible to simply short out the 
dial tone provided by the signal and tone plant 
for the required time interval. The DTDB is 
attached to the backplane of a CDR by means of 
six jelly-bean type test clips. The remainder 
of the DTDB consists of TTL logic that decides 
which call attempts are countable seizures, adds 
the desired delay, and monitors the customer's 
reaction. Note that if the customer dialed 
before receiving tone, the modified CDR would 
function normally and the call would not be 
impaired. Thus, there was little or no training 
of the customers, nor were there customer 
complaints during our study. 

However, there are a number of circumstances 
where it would be undesirable to delay tone or 
unwise to include certain call types in our 
data. One case is where a customer requests 
second dial tone; for example a centrex customer 
dials "9" for an outside line. Another case is 
where a customer receives a stuttered dial tone 
as part of a custom calling feature; the 
initiation of stuttered dial tone was recognized 
by the DTDB and that particular observation was 
immediately terminated and not entered in the 
counts. In this case, a slight operational 
variation was introduced: the 150 ms needed to 
recognize the stutter resulted in the customer 
hearing three pulses of dial tone, instead of 
four, prior to continuous dial tone. Gr'ound 
start lines were recognized when connected to 
the test CDR; these are used for outpulsing from 
some ~BXs, and, of course, the PBX would not 
wait for dial tone. Dial tone speed test calls 
were also ignored by our circuit. All of these 
exceptional call types were excluded from our 
data by the logic circuitry of the DTDB, without 
any interference with the normal processing of 
these calls by the switch. 

Ill. DATA COLLBCTIOI 

As a function of added dial tone delay, the 
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following data was collected: 

1. the number of customers who dialed before 
receiving dial tone, 

2. the number of customers who abandoned 
before receiving tone, and 

3. the total number of seizures of the 
monitored CDR. 

The data at a given delay was collected in a 
number of small samples spread over many hours 
of several days; these small samples were 
checked for statistical consistency and combined 
to form the samples presented below. The range 
of delays was 0 to 7 seconds, with most data 
collected at moderate delays. Using the same 
sampling technique, normal customer behavior was 
measured by recording data samples at various 
delay settings, but with the dial tone inhibit 
leads from the DTDB disconnected. 

Data was collected at two large No. 1A ESS 
switching centers, each serving tens of 
thousands of subscriber lines with minimal 
delay. The traffic mixes of these offices were 
about as different as possible on such large 
systems: one office carried almost exclusively 
metropolitan high-call-rate business traffic 
while the other served a sUburba~ 
residential/small-business community. 

IV. STATISTICAL OALISIS 

The observations in this experiment must fall in 
one of three categories of customer behavior: 

1. dials before tone, 

2. abandons before tone, or 

3. patiently waits for tone. 

Let Pi denote the respective probabilities of a 

customer being found in one of these three 

states, 

and let ni represent the number observed in 

sample of size N, 

The probability of observing a given set of 

a 

values is described by the multinomial 
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distribution: 

P [X, = n" X2 = n2 , X3 = n3 ] = 

NI n, n2 n3 
n,1 n21 n3 1 P, P2 P

3 

where ni = 0, , , •.• , N. In this expression, 

the 
n, n2 n3 

term P, P2 P
3 

is the probability of 
observing any completely specified sequence of N 
observations, and the quotient of factorials 

represents the number of such sequences for a 

given set {ni' i = " 3} such that 

n, + n2 + n3 = N. 

Taking PiN as the expected number of 
observations of type i, the following statistic: 
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Cumulative Distributions of Customer Dialing 
Before the Time Indicated - Large Metropolitan 
Switching Center. For the data points denoted 
by "N," dial tone was applied at time = 0 on the 
graph. For the data pOints denoted by "D," dial 
tone was delayed by the amount shown on the 
abscissa. 
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is chi-squared distributed with K-' degrees of 
freedom. And Quesenberry and Hurst (2) have 
presented an approximate expression for the set 
of simultaneous confidence intervals for the 
estimates of the probabilities Pi: 

2ni + x2 ± {x2 [x2 + 4ni(N~ni)/N]}'/2 

2(N + X 2) 

for sufficiently large P.N. 
th~ 60 

This method has 
percent confidence 

use as relative 
been used to estimate 
intervals for our data, for 
weights in curve fitting. 

From the ensemble of data samples collected in 
both the metropolitan and suburban switching 
systems, the three probabilities (dial before 
tone, abandon before tone, patiently wait) and 
the estimates of their statistical uncertainties 
were calculated. The results are plotted in 
Figures' to 6, both with (points denoted by 
"D") and without (denoted by "N" for Normal) 
tone being delayed; the abscissa in these plots 
should be interpreted either as the interval for 
which tone was delayed (D points) or as the time 
since tone was received (N points). The average 
of 0.3 seconds required to connect a customer, 
who has requested service by going off-hook, to 
the CDR is not included in the abscissa. 
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Figure 2 
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Cumulative Fractions of Customers Dialing
Suburban Business/Residential Switching Center. 
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Using a nonlinear least-squares minimization 
program, the data was fitted to arbitrary 
functional forms, empirically chosen to have 
reasonable shapes and asymptotes. The functions 
used in fitting the delayed data were of the 
following form: 

-c2t 2 
Waiting P1 C1 + (1-C1) 

-c3t 
= e 

-c5t 2 
Dials P2 

-c6 t 
= C4 (1 - e ) 

Abandons : P3 = 1 - P1 - P2 ' 

where the Ci are the fitted parameters. These 
curves are used as a convenient method of 
summarizing the data and are shown in Figures 1 
to 6. 

V. IHTERPKETATION AND DISCUSSION 

The three fitted curves representing the 
proportions of customers who dial before tone, 
abandon before tone, and patiently wait for tone 
are plotted in Figures 7 and 8 as a function of 
added dial tone delay for the metropolitan and 
'suburban offices, respectively. The figures are 
remarkably similar. An increased impetuousity 
is indicated in the metropolitan data by a 
slightly increased penchant for dialing before 
tone. Those customers who abandon are most 
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Figure 7 
Customer Behavior When Faced With Unexpected 
Dial Tone Delay - Metropolitan Office. The 
curves summarize the fits to the data shown in 
Figures " 3, and 5 for the added delay case. 
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likely going on-hook momentarily and then, upon 
receiving tone from a different COR, completing 

. their calls. As noted earlier, if the customer 
dialed before the DTDB allowed dial tone to be 
applied, the dialed digits would be collected 
and the call completed. Our data yield the time 
distribution between the seizure of the COR and 
the ~ action taken by the customer. 
Curves describing customer behavior when tone is 
applied promptly are shown in Figures 9 and 10, 
where the abscissa is the time since dial tone 
was applied. As is expected in this case, most 
customers dial promptly and few abandon. By 
taking the time derivatives of these cumulative 
distributions, one obtains the time 
distributions of the start-of-dialing and of 
abandons, which are shown in Figures 11 and 12. 
About one-half of dialing customers started 
dialing within 1 second of the receipt of dial 
tone. The time-to-abandon distribution appears 
to have two components; the peak below 1 second 
is perhaps due to customers terminating calls 
with their finger and then causing brief 
off-hooks by removing the finger to replace the 
receiver. 

A comparison of our data with that of Clos and 
Wilkinson (1) indicates that customer 
expectations of switch performance have risen 
significantly. For example, the proportion of 
customers who have already taken some action if 
dial tone is delayed for 2 seconds has increased 
from about 10 percent in 1949 to about 
45 percent at present. Customers served by 
modern responsive equipment expect instantaneous 
dial tone. · 
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VI. CONCLUSIONS 

The initial reaction of customers, who normally 
receive excellent service, to unexpected dial 
tone delays has been studied. Under normal 
conditions, most customers start dialing within 
1 or 2 second of receiving tone (Figures 11 and 
12). Comparisons of Figures 7 and 8 with 
Figures 9 and 10 indicate that on the order of 
one-third of customers pay little or no 
attention to dial tone, and another third will 
depress the switchhook in search of dial tone if 
tone is delayed about 3 seconds. This rapid 
customer reaction to poor switch performance 
will immediately worsen an overload situation, 
unless the overload control strategy is designed 
to take customer behavior into account. The 
most recent off-hook detected by the system 
corresponds to the call most likely to succeed, 
since the customer has not had time either to 
prematurely dial or react to the delay of dial 
tone. Indeed, a last-in-first-out queue service 
discipline has been found to be very effective 
in keeping the successfully carried load close 
to system capacity under service overload in the 
No. 1/1A ESS. 
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