Business Transformation through Innovation and Knowledge Management: An Academic Perspective 1063

Using Queuing Theory to Reduce the Number of Abandoned Calls
at a Central Service Desk
Philip D. Pretorius, North-West University (Vaal Triangle Campus), Vanderbijlpark, South Africa,
Philip.Pretorius@nwu.ac.za (contact author)
Victoria G. Madisa, North-West University (Vaal Triangle Campus), Vanderbijlpark, South Africa
Jan H. Kroeze, North-West University (Vaal Triangle Campus), Vanderbijlpark, South Africa,
Kroeze.Jan@nwu.ac.za

Abstract
This paper addresses the problem of an unacceptably high rate of abandoned calls at a centralised
service desk of a South African telecommunications company. It uses a queuing methodology to
design a system that may achieve the desired performance level. A quality standard is created by
determining the number of service channels (employees) that can handle the workload of answering
all the calls arriving at the service desk. The paper demonstrates how Queuing Theory may be used to
enhance a service desk information system, including the end-users, in order to provide more
efficient service delivery.
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Introduction
This paper addresses the problem of an unacceptably high rate of abandoned calls at a centralised
service desk of a South African telecommunications company. It uses a queuing methodology to
design a system that may achieve the desired performance level. A quality standard is created by
determining the number of service channels (employees) that can handle the workload of answering
all the calls arriving at the service desk. The paper demonstrates how Queuing Theory may be used to
enhance a service desk information system, including the end-users, in order to provide more
efficient service delivery.
This research is unique because it uses confidence intervals for estimating the average number of
calls arriving at the service desk, not just the point estimates (Rice, 2007). The consequences of
considering a whole range of values that are between the lower and upper limit is illustrated in this
article by using different values in this confidence interval. Each value in the confidence interval may
be interpreted as a probable scenario, at a certain level of confidence.
The company, in which the research takes place, is a telecommunication company with its
headquarters situated in Pretoria, South Africa. The company’s central service desk is situated at
these headquarters. Company employees from all regions in South Africa report events by phoning
the centralised service desk. An event is anything that an end-user of the company’s ICT
infrastructure regards as a problem to be fixed or as a request to be attended to in an information
system. For example, the installation of new software, creation of a new e-mail account and setting
up a computer on a network, are all requests. The re-installation of software and fixing of computer
hardware are faults.
The time required to service a customer varies considerably from call to call because every call has
its own problems. Arriving calls seek service from one of several service channels. A service channel
is an employee servicing customers. Each call is automatically switched to an open channel. If all
channels are busy, arriving calls are denied access to the system. Arrivals occurring when the system
is full are blocked and are cleared from the system. These calls are referred to as abandoned calls.
The percentage of abandoned calls is high.
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The objective of this study is to determine the optimal number of service channels that should be used
at the service desk in order to minimise the number of unanswered calls. The research findings may
be used to design a system that achieves the desired performance. A queuing model is employed in
order to find out whether it solves the problem.

Data collection and interpretation
The company has a centralized service desk were all calls are reported through a telephone line for all
the regions. Events are logged and routed to their respective regions. Here, (1) the number of calls, as
they entered the telephone system per minute (arrival rate), were recorded. Each call that arrives is
displayed on the central screen for everyone to see, and when it is answered or abandoned, it is also
shown on the screen. (2) The duration of the service (average service rate at each channel) was
recorded. (3) Lastly, the number of channels was monitored. Channels refer to employees answering
the calls. Table 1 shows the arrival rate of calls per day for a month.
Table 1: Arrival rate of calls (Company’s Service Desk 2004)
Days
of the
month

3

4

5

6

7

10

11

12

13

14

17

18

19

20

21

24

25

26

27

28

31

Calls
per
minute

8

5

3

5

3

11

7

7

5

5

9

9

6

6

6

9

10

8

4

12

12

Summaries and visualisation are tools that facilitate understanding of one’s data, which is a necessary
pre-requisite for the building of good models. Two Crows Corporation (2007) describe the process
and value of summaries and visualisation as follows:
“Before you can build good models, you must understand your data. Start
by gathering a variety of numerical summaries (including descriptive statistics such as
averages, standard deviations and so forth) and looking at the distribution of the data.
Graphing and visualization tools are vital aids in data preparation and their
importance to effective data analysis cannot be overemphasized. Data visualization
most often provides the ‘Aha!’ leading to new insights and success. Some of the
common and very useful graphical displays of data are histograms or box plots that
display distributions of values.”
A commonly used starting point in summarizing data is to put the data into classes and then construct
a histogram from the data that have been thus grouped. In this study this is done to verify whether the
arrivals are Poisson distributed. The data used here are the data gathered from the centralized service
desk for all the regions. The data from Table 1 above are used to determine the optimal number of
channels (employees) that can handle the workload at the service desk in order to reduce the number
of abandoned calls. The histogram of the arrival rates of calls in Table 1 above is depicted in Figure 1
below.

Business Transformation through Innovation and Knowledge Management: An Academic Perspective 1065

Fig 1. Arrival rate of calls histogram
Some distributions are characterized at least partially by functions of their true parameters. Given the
above picture, one can make a fairly accurate guess that the observations point to a Poisson
distribution. The mean and variance are almost equal, which confirms the data to be Poisson
distributed.
The mean of a data set is simply the arithmetic average of the values in the set, obtained by summing,
the values and dividing by the number of values. The variance of a data set is the arithmetic average
of the squared differences between the values and the mean. If the data set is considered a sample, the
sum of the squared differences between the values and the mean is divided by (sample size – 1). The
standard deviation is the square root of the variance.

Test for goodness of fit
The chi-square test is used to determine how well theoretical distributions, such as the Poisson, as is
the case in this study, fit the distribution obtained from the sample data (Rice, 2007). The data are
divided into k = 3 intervals of (0,1,2,3,4,5), (6,7,8) and (9 and more). The reason for this is that the
expected frequency in each of these combined cells is at least 5, so that the chi-square test can be
used. The expected frequencies are computed on the basis of a hypothesis Ho. Ho: The xi’s are random
variables with distribution function F where F is a Poisson distribution. If, under this hypothesis, the
computed value of χ2 is smaller than some critical value (such as χ20.95) which is the critical value at
the 0.05 significance level, the null hypothesis (H0) is not rejected.
The test statistic equation is χ2 = ∑ j (Oj – Ej)2 / Ej, where χ2 is the chi-square statistic. The Oj’s are the
observed frequencies and Ej’s are the expected frequencies. The data in Table 1 above were used to
determine the observed frequencies in Table 2 below. Similar arrival rates of calls as they occur in a
month were grouped together and counted. The total of their counts is their observed frequencies. To
calculate the expected frequencies when the arrival rate of calls is 7 calls per minute, the probabilities
for when x = 3 or less, 4,…,12 or more, are determined first, and then multiplied by the sample size
or sum of the observed frequencies which is equal to 21 in this study. Probabilities are calculated
according to the formula, and probabilities cannot be less than 0 or more than 1. Expected values are
theoretical results expected according to the rules of probability, given by sample size times
probability. For example, for the probability of x = 3 or less (P(0 ≤ x ≤3)) and sample size (n) the
expected frequency is calculated as follows.
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{P(0 ≤ x ≤3)}n
= {P(x =0) + P(x =1) + P(x =2) + P(x =3)}n
= {∑ e-λ λx / x!}n
= {e-770 /0! + e-771 /1! + e-772 /2! + e-773 /3! } 21
= {0.000912+0.006383+0.022341+0.052129}21
= 1.7
And for x=4 the expected frequency is calculated as follows.
P(x = 4)
= (e-774 /4!)21
= 1.9
Actually, the mean number of calls per minute varies according to the time of the day, and the day of
the week. For the mean number of calls per minute = 7, the observed and expected frequencies are
shown in Table 2 below.
Table 2: Observed and expected frequencies.
X
Observed
Expected

3 or
less
2
1.7

4

5

6

7

8

9

10

11

1
1.9

4
2.7

3
3.1

2
3.1

2
2.8

3
2.1

1
1.5

1
1

12 or
more
2
1.1

Sum
(n)
21
21

The observed and expected frequencies for different arrival rates are depicted in Figure 2 (a-g) below
to show how different arrival rates of calls approximate a Poisson distribution.

Observed and Expected Frequencies
5
4
Observed
3

Expected

2
1

Fig 2(a). Chi-square for λ = 6

12 or more

11

10

9

8

7

6

5

4

3 or less

0
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Observed and Expected Frequencies
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Fig 2(b). Chi-square for λ = 6.5

Observed and Expected Frequencies
5
4
3

Observed
Expected

2
1

Fig 2(c). Chi-square for λ = 7
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Observed and Expected Frequencies
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Fig 2(d). Chi-square for λ = 7.14

Observed and Expected Frequencies
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Fig 2(e). Chi-square for λ = 7.43
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Fig 2(f). Chi-square for λ = 8
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Fig 2(g). Chi-square for λ = 8.5

Sensitivity analysis
The different values where the null hypothesis is not rejected at the 5% significant level below are
part of a 95% confidence interval, so any of these values are a possibility in the future, given that the
population is stationary. Table 3 below shows the computation of the chi-square for λ=7, where λ is
the rounded mean arrival rate. The chi-squares for different lambdas are shown in Table 4 below.
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Table 3: Chi-square computation

0,1,2,3,4,5
6,7,8
9 and more

Probability
0.301
0.428
0.271

Expected (E)
6.3
9
5.7

Observed (O)
7
7
7

O-E
0.7
-2
1.3

1

21

21

0

(O-E)^2
0.4694
3.9842
1.7185
Chisquare

(O-E)^2/E
0.07433
0.44288
0.30207
0.81928

Table 4: Sensitivity analysis
Lambda (λ)
6
6.5
7

χ2
5.3
2.0
0.8

Sensitivity
The null hypothesis is rejected.
The null hypothesis is not rejected.
The null hypothesis is not rejected.

7.14 (the expected value estimate)

0.8

The null hypothesis is not rejected.

7.43 the variance estimate

1.1

The null hypothesis is not rejected.

8
8.5

2.7
5.7

The null hypothesis is not rejected.
The null hypothesis is rejected.

These tests examined the hypothesis that the Poisson distribution approximates the sample data at 5%
significance level with one degree of freedom. Since there are three classes, one degree is losed
because λ is estimated from the data, and one is lost because of the frequency sum. The chi-square
critical value is 3.841, obtained from a table of percentiles of the Chi-square distribution with one
degree of freedom (nr of classes – nr of parameters estimated – 1 = 3-1-1=1). One may also obtain
this value, 3.841 using the CHIINV(0.05,1) function in Microsoft Excel. The conclusion is that the
data do not present sufficient evidence to contradict the hypothesis that F possesses a Poisson
distribution.

Queuing theory
Introduction
In this study the queuing application involves calls answered from users reporting problems. These
users are countrywide in South Africa. Users are people using the computers on a regular basis to
perform their duties. They phone the central service desk in Pretoria to report the problems they have
with their computers. The major task here is to design a system that achieves the desired performance
level. The desired performance level is the number of channels (employees) that can handle the
workload, thereby optimising (minimising) the costs.

The Queuing Model
This section discusses the behaviour of the study’s queuing model. This had to be examined (in order
to determine whether the Poisson distribution is approximating the sample data), before a queuing
model is developed. This was done in order to determine which assumptions the queuing model had
to follow or which variables the queuing model had to use.
The basic components of the queuing process are the arrival rate, the queue and the service rate; the
researcher actually wants to find out which queuing assumptions have to be followed. In this study
the multi-channel, single phase system is used (see Figure 3 below). In this system the service rate
does not follow any distribution, but the arrival rate follows a Poisson distribution. In the Poisson
probability distribution, the observer records the number of events that occur in a time interval of
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fixed length. The observer determines the mean and the variance of the data, and if they are equal,
then the distribution is Poisson. Also, the chi-square test is used to fit possible Poisson distributions.
In this study, there is an unlimited or infinite logging of events assumed.
If the average time a customer waits in the queue is denoted by W, and the average customer arrival
in the queue by λ, a generalized equation applying to queuing model is Lq = λW, where Lq is the
average number of customers in the queue. This is known as Little’s Law, as it was discovered by
John D.C. Little (Render et al. 2006).
The following particular assumptions are used in this model: (1) The queuing environment has an
infinite calling population, and has multiple channel facility. (2) The arrival time is unpredictable and
described by a Poisson distribution. (3) The service times (processing rate at the servicing facility)
are exponential or unpredictable. (4) The queue lengths are infinite. (5) All customers wait in the
single queue. (6) Service is on first-come first served basis. (7) All arriving events enter the queue
(Hall, 1993). The following diagram depicts the queuing model involved.

Employee 1

Employee 2

Employee n

Fig 3. Queue (Multi Channel, Single Phase System) (Render et al. 2006)

Operating Method
This queuing model involves a system in which no waiting is allowed. There are multiple service
channels. Customers log events calling a telephone line. The calls arrive at the telephone system at an
average rate of λ. The arrivals follow a Poisson probability distribution. There is an average rate of
service µ calls per minute at each channel. Arriving calls seek service from one of several service
channels or each call is automatically switched to an open channel. If all channels are busy, arriving
calls are denied access to the system. In waiting-line terminology, arrivals occurring when the system
is full, are blocked and are cleared from the system. These calls are abandoned.

Computations
The optimal number of employees (channels) is determined by computing a steady state probabilities
that j of the k channels will be busy. Formula 1 below is used to calculate these percentages
(probabilities). The following equation applies:

λ
µ

( ) j / j!
Pj =

k

λ

∑(µ )

i

(1)

/ i!

i =0

Source: Render et al. (2006)
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Where λ = the mean arrival rate
µ = the mean service rate for each channel
k = the number of channels
Pj = the probability that j of the k channels are busy for j = 1, 2,…,k. The important issues to
determine here, are (1) the probability Pk , which is the probability that all the channels are busy. On a
percentage basis, Pk indicates the percentage of arrivals that are blocked and abandoned, (2) and the
average number of events in the system: this is the same as the average number of channels in use. If
L denotes the average number of events in the system, then
L =λ/µ (1- Pk)
(2)
Source: Charnes et al. (1994)
Whether the arrivals are indeed Poisson distributed, is determined (see above). There is an average
arrival rate of 3360 calls per day. A day has 8 working hours, therefore the rate is 3360/8 = 420 calls
per hour. An hour has 60 minutes, therefore the rate is 420/60 = 7 calls per minute. This means the
arrival rate λ = 7. Currently 17 channels are responsible for answering or logging the calls. Each
channel is expected to handle about 240 calls per day. A day has 8 working hours, therefore the
service rate is 240/8 = 30 calls per hour. An hour has 60 minutes, therefore the service rate is 30/60 =
0.5 calls per minute, which is one call in two minutes. This means the service rate µ = 0.5.
Since there are 17 channels, they cannot handle the workload as there is a high percentage (%) of
abandoned calls daily. Using the above formula (1), the probability that j of the k channels are busy
(the percentage of abandoned calls) is calculated when seventeen channels are used as set out below:
With λ = 7 and µ = 0.5 we calculate the percentage of abandoned calls.
P17 =Pabandoned =
=
=

(7/0.5)17/ 17!
[(7/0.5)0 /0!+ (7/0.5)1 /1!+…+(7/0.5)17 / 17!]
85725.11796 / 994795.009
0.08617365

With only 8.61% of calls blocked with 17 channels, 91.39% of calls are answered. The service is then
modelled with a different number of channels, but management has to select only from 17 channels
upwards, to find out how many additional channels can be used. The percentages (probabilities) of
abandoned calls are calculated with the mean arrival rate (λ=7) for a different number of channels, in
Table 5 below. In this table, it is shown that when the number of employees (channels) increase, the
probability (percentage) of abandoned calls decrease. For example, with 22 employees (channels),
1.23% of calls is abandoned, and with 25 employees (channels), 0.24% is abandoned.
As mentioned above, Formula 1 was used in a spreadsheet to model the abandoned calls’ percentages
(probabilities). The function FACT is the factorial function, for example FACT(4) = 4*3*2*1=24 and
FACT(2) =2*1 =2. The symbol ^ is the index meaning raised to the power of the value in the cell.
C10=(B30/C7); B14=($B$7/$B$8)^A14/FACT(A14) and copied to B15 through to B38;
C14=SUM(B13;C13) and copied to C15 through to C38; D15=(B14/C15) and copied to D16 through
to D38; C7= SUM(B12:B29).
Table 6 below shows the different abandoned rates of calls with 17 and 25 employees on duty for
values of lambda (λ) within the 95% confidence interval.

Conclusion
The results of all the tests done and all the calculations made, suggest that more staff be hired for the
service desk in order to improve the service by managing the workload, thereby satisfying customers.
To provide an excellent customer service, with seldom more than one or two customers in a queue
means retaining a large staff which may be costly. An unlimited number of employees cannot
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therefore be appointed since this would not be cost effective. Managers must deal with the trade-off
between the cost of providing excellent service and customer satisfaction.
Table 5: Abandoned calls % for different number of channels

Table 6: Abandoned rate of calls within 95% confidence interval
Arrival rate per minute
Lambda (λ)
6.5
7
7.14 (the expected value estimate)
7.43 (the variance estimate)
8

Abandoned rate
% with 17 employees
6.17
8.61
9.35
10.92
14.16

Abandoned rate
% with 25 employees
0.10
0.24
0.30
0.45
0.93
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