
 Eindhoven University of Technology

MASTER

Quality of the telephone service of the Tanzania Telecommunications Company Limited

Puttenstein, J.G.

Award date:
1996

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/e347b403-55de-4986-9107-d935c7890040


Quality of the telephone service 

ofthe 

Tanzania 
Telecommunications Company Limited 

Author: J.G. Puttenstein 

Supervisors: 
Dr. P.E. Lapperre (Faculty of Technology Management) 
Ir. J. Dijk (Faculty of Electrical Engineering) 
Ir. ing. J.L.J. van der Ploeg (Faculty of Technology Management) 

University: 
Faculty: 
Course: 
Department: 
Date: 

Eindhoven University of Technology 
Technology Management 
Technology and Society 
Technology and Development Sciences 
October 1996 



Executive summary 

The quality of offered telephone service is the prime differentiator for the 
important customers of TICL. It appears, therefore, wise to examine this quality. 
A description of the quality of the telephone service is not complete without 
descrihing the past development of the telephone network. With respect to the fli'St 
research question about the development of the telephone network of TICL, the 
following conclusions can be made: 
1. extemal line plant: 

The growth of the external line plant was good during the existence of the 
Eastern Union, in the period from 1967 to 1978. The growth of the number 
of telephone lines was about 11% per year. Since this period the growth bas 
decreased. In the period from 1979 to 1994 the growth of the number of 
telephone lines was 6% per year. Compared to the growth of the demand for 
telephone lines, the growth of telephone lines bas been much too small. In 
1994 only 38% of the total demand for telephone lines could be satisfied. 
Most of the demand is for automatic telephone services, rather than for 
manual telephone services. The penetration of the telephone network in 
Tanzania is extremely low. Tanzania bas only 0.32 telephone lines per 100 
inhabitants. In addition, the telephone network is concentrated in the urban 
areas: 80% of all telephone lines is situated in the urban areas. In Dar es 
Salaam only, 40% of all telephone lines are located. 
The causes for the small growth of the external line plant are: 
1. lack of fmances; 
2. lack of manpower; 
3. lack of know-how; 
4. lack of working materials and machinery. 
Worth mentioning bere is the high number of cessations of telephone 
services. Cessation is mostly necessary, when telephone customers do not 
pay their bilt. Cessations occupy many of the scarce resources of TICL. 

2. telephone exchanges: 
Three types of telephone exchanges are in use in the telephone network of 
TICL: manual, automatic analog and automatic digital telephone exchanges. 
Manual telephone exchanges are the highest in number and are mostly used 
in the rural areas. The automatic telephone exchanges are commonly used in 
the urban areas. Although the largest number of telephone exchanges is 
manual, only 12% of the telephone lines is connected to these exchanges. 
The largest part of the telephone lines is connected to automatic telephone 
exchanges. Digital exchanges hold 48% of the telephone lines and analog 
automatic exchanges 40%. 
The capacity of all telephone exchanges, in terms of the number of 
connected telephone customers, is not used in full: only about 70% of this 
capacity is used. The causes for the low capacity usage of the telephone 
exchange capacity are: 
1. insufficient external line plant capacity; 
2. fanlts in subscriber dedicated parts of the telephone exchanges; 
3. acquisition of new telephone exchanges that have to be connected with 

new customers. 
In the telephone network many different sorts of telephone exchanges are 
used. There are five sorts of digital telephone exchanges and four sorts of 
analog telephone exchanges in use. These telephone exchanges need different 
operation and maintenance procedures and spare parts. This fact poses extra 
problems for TICL. 



3. transmission: 
In Dar es Salaam mostly cable transmission systems are used for 
communication between telephone exchanges. These cable systems are being 
replaced by microwave beam systems, that have an higher capacity and are 
more reliable. Also some optical fibre cables are in use in Dar es Salaam. 
In the long distance transmission network, microwave beam systems and 
wire systems are being used. Power for the transmission equipment is 
provided by many different types of power supplies. 

The quality of the telephone service can be divided into different parts. The 
following parts have been distinguished: 
1. ability to use the telephone service; 
2. provision of eertaio level of service quality; 

- conneetion establishment; 
- conneetion retention of telephone calls; 
- conneetion quality. 

3. billing quality. 

The quality of these three parts bas been examined using two different approaches: 
1. a technica} approach; 
2. a customer view approach. 

The technica} approach consisted of examination of telephone traffic data reports 
:from digital telephone exchanges in Dar es Salaam and of a number of test-calis 
made :from three different telephone exchanges in Telephone House, Dar es 
Salaam, Tanzania. Furthermore, information bas been gathered during visits to 
different departments of TTCL. 
The customer approach consisted mainly of interviews with 26 High Revenue 
Generating Costomers (HRGCs) of Dar es Salaam and of gatbering of information 
about the customer organisation of TTCL. 

With respect to the second research question about the technica} quality of the 
telephone service, the following conclusions can be made: 
1. Ability to use the telephone senice: 

- Access to the telephone service is hampered severely by the deteriorated 
state of the extemal line plant. The number of faolts is extremely high. On 
average 5% of all telephone lines is out of order. The repair times are high 
(on average 10 days ). The costomers of TTCL are dissatisfied by the high 
number of faolts and feel very :frustrated about the slow repair service. 
The causes for the high number of faolts and the long repair times are: 
1. Jack of transport for supervisory personnet and technicians; 
2. lack of equipment for the technicians to localize the fault; 
3. Jack of training of the technicians; 
4. Jack of motivation of the technicians to do a good job; 
5. deteriorated state of the extemal line plant; 
6. technicians being bribed by customers; 
7. technicians who demand money for their own pockets; 
8. emergency fault clearings of High Revenue Generating Costomers and 

high officials can occupy many technicians for a certain time period. 
- The capacity of the telephone network of TTCL is very low with respect to 

the demand. This means that many costomers can oot be offered telephone 
services or that some costomers have to do with a too low number of 
telephone lines. Existing telephone Iines are used intensively. 



2. Provision of a eertaio level of service quality: 
conneetion establishment: 
It is ditlicult to get through to a telephone number even when maldng a 
telephone call in Dar es Salaam. Both the conducted measurements in the 
three telephone exchanges and the analysis of the traffic data reports from 
the GXSOOO and the NEAX61E digital telephone exchanges show that on 
average many attempts are necessary to get through. 
- From the three telephone exchanges tested, the C400 telephone exchange 

performed the worst. During busy hour and slack hour the success rate 
rangedon average from 22% to 30% successful calls. Test-calls from the 
SXS telephone exchange were in half of all test-calls successful. And the 
success rate of test-calls made from the GXSOOO telephone exchange 
ranged from 43% during busy hour to 83% during the low traffic hour. 
From the three telephone exchanges and to some exchanges the success 
rate was 0%, sometimes during both busy hour and slack hour. 

- The traffic data reports from the digital telephone exchanges show that the 
success rateis low for calls made from these exchanges. The NEAX61E 
telephone exchange bas an average success rate of 15% and the GXSOOO 
bas an average success rate of 18%. For the NEAX61E telephone exchange 
the causes can he deducted from the traffic data reports. Mostly, 
transmission faults and partial dialled numbers are the cause for 
unsuccessful calls. 
The traffic data reports show that local calls have a twice as good success 
rate as toll calls. 
The causes for the low success rate of the telephone calls are: 
1. too low capacity of transmission equipment; 
2. faults in transmission cables and radio equipment; 
3. faults in telephone exchanges. 

conneetion retention of telephone calls: 
- The retention quality of telephone calls is difficult to measure. Both the 

traffic data reports and the conducted measurements in three telephone 
exchanges did not give any information about the conneetion retention of 
telephone calls. 
The causes for premature1y disconnection are likely to he: 
1. extemal line faults; 
2. faults in transmission equipment and transmission lines. 

conneetion q uality: 
- The results from the conducted measurements in three telephone exchanges 

give some indication about the conneetion quality deterioration of 
telephone calls during the transmission between two telephone exchanges. 
Low volume, noise and hum and cross-talk were noticed. The overall 
conneetion quality is determined by the quality of the extemal line plant 
for leical eaUs, because the quality of the extemal line plant is very bad. 
For toll calls the transmission quality of the long distance transmission 
networkis an additional factor, that will affect the conneetion quality. 
Local telephone calls have, therefore, a much better conneetion quality than 
long distance telephone calls. 
The causes for deterioration of telephone conneetion quality are: 
1. poor state of communication lines; 
2. poor state of communication equipment; 
3. poor state of extemalline plant. 



3. Billing quality: 
- Billing quality is very bad: all bills are incorrect and they are also 

delivered two or three months late. The cause for the bad billing quality is 
the erroneous billing system. Information exchange between the customer 
service eentres of TICL and the billing system is another cause for faults 
in the bills. The resulting errors on the bills are: 
1. payments are not mentioned on the bill; 
2. bills contain charges for telephone calls (mostly international calls) the 

customer has not made; 
3. bills contain conneetion charges already paid; 
The result for customers can be that their telephone is unjustly 
disconneeted or that they are charged for calls they did not make. 

With respect to the third research question about the customer view on the quality 
of the telephone service of TICL, the following conclusions can be made: 
1. Ability to use the telephone service: 

Many customers are very frustrated about the many faults in the extemal line 
plant, that are cutting customers off from telephone service completely. 
Repair takes a long time and this means that customers have to do without 
their telephone for a long time. Provision of a telephone line can take very 
long. This is very frustrating for the (potential) customers. 

2. Provision of a eertaio level of service quality: 
The interviews with 26 High Revenue Generating Customers gave 
information about the opinion of these customers about the quality of the 
telephone service of TICL. 
conneetion establishment: 
Of all attempts to reach a eertaio number 90% was successful after a number 
of call attempts. The number of call attempts ranged from 1 to 6 attempts. 
Mostly, the reason for no success was the occurrence of the busy tone. The 
conneetion establishment of the last telephone call was, therefore, very good. 
conneetion retention of telephone eaUs: 
Conneetion retention was during one successful call not good, because the 
call was disconnected prematurely. During the other 21 telephone calls, there 
was no problem with conneetion retention. Therefore, the quality of 
conneetion retention is probably good. 
conneetion quality: 
The quality of the conneetion was not satisfactorily for 14 of the 24 
respondents. Eight of them had problems to talk with and listen to the other 
person on the telephone. The transmission quality is worse for telephone 
calls to the regions than that to Dar es Salaam. All respondents that made a 
telephone call to the regions were dissatisfied about the transmission quality, 
while less than half of the respondents that made a call to Dar es Salaam 
were dissatisfied. 

3. Billing quality: 
Some of the interviewed customers made remarks about the billing service. 
It can be safety assumed, that all customers are dissatisfied about the billing 
service. The bills are incorrect and delivery is always late. The result is that 
many customers are reluctant to pay their bill. In addition, many customers 
are disconnected, because their payment was not correctly registered in the 
billing system. Many customers are very frustrated about this situation. 



The conclosions drawn from the research can be translated in the following 
recommendations for TICL: 

1. maximize profit from telephone services: 
- improve the billing system; The billing system bas to be improved. It can 

not be jostified that iocome is lost becaose of the poor qoality of this 
system. 

- assure payment of bills by in advance payment of telephone rental and 
telephone use charges and of conneetion charges; · 
In advance payment is the solotion for the loss of iocome doe to telephone 
costomers who are not willing to pay their bills. The prereqoisite is a good 
quality billing system. Another advantage is that delays in payment 
between osing the telephone service and paying for it is not at the expense 
of TICL. In advance payment can be introdoced easily by osing credit 
card type technology. In combination with access codes this system can be 
a good solotion for assoring that costomers pay for their telephone ose. 

- focus on the High Revenue Generating Costomers for provision of 
telephone services; High Revenoe Generating Costomers are the costomers 
that give TICL the most income. Providing these costomers with good 
service is more important than providing normal costomers with good 
service. It seems desirabie to decrease the nomber of low osage costomers 
from the viewpoint of maximizing profit One possible metbod to increase 
the nomber of high osage costomers is to increase the rental and 
conneetion charges for low osage costomers. This action is reasonable, 
becaose the nomber of telephone lines is scarce and the High Revenoe 
Generating Costomers give TICL far more profit than a low osage 
telephone costomer. 

- registration of a (potential) customer on the waiting list for a telephone 
line bas to be charged a reasonable amount to cover for the efforts of 
administration and of finding a free telephone line; The charge can also 
improve the reliability of the waiting list and can, thos, improve the quality 
of the data for planning of the telephone network. 

- all charges have to be increased according to intlation rates. As 
intlation is high in Tanzania, the charges have to rise at least every or 
every half year. Becaose all telephone eqoipment bas to be purchased in 
foreign countries, charges have to increase to make it possible for TICL to 
buy equipment. 

2. improve the teehoical condition of the telephone network: 
-focus more on providing quality than on providing quantity of service. 

Providing good quality services is more than ever essential, becaose 
costomers are getting more and more possibilities to switch to another 
telephone service provider. As the High Revenoe Generating Costomers are 
willing to pay extra for good qoality commonication and will get more and 
more the possibility to do so, TICL bas to take action to satisfy these 
costomers. 

- intensify the maintenance of all teehoical components of the telephone 
network; The condition of all teehoical components determines the quality 
of the telephone system. The qoality of the telephone network is as good as 
the worst part of the telephone network. 

- improve the quality of maintenance andrepair work; The quality of 
maintenance and repair work is often not good. It is probably hard to 
improve this quality as there are many caoses for this problem. However, 
the following measures can be taken: 



1. improve the supply of spare parts; By recording the faulty parts in the 
network a planning can be made for the acquisition of spare parts. By 
doing this spare parts can be available when needed in most cases. 

2. improve the training of technicians; Knowledge about the proper 
maintenance procedures is important for assuring a good quality of 
maintenance work. 

3. motivate the technicians to do a good job; Technicians are often 
treated as being unimportant, but this is not true at all. In the contrary, 
the quality of the telephone system starts with the work that the 
technicians perform. · The importance bas to show from both salary and 
rank. Hopefully, an increase of the salary will improve the sensitivity 
of technicians to take bribes from telephone customers. Bribes of 
costomers will probably be hard to overcome. 

- increase the rental charges to cover for repair and maintenance. These 
charges have to cover the costs for repair and maintenance of the telephone 
network. Because the telephone needs more maintenance, the charges have 
to be increased to (partly) finance these extra efforts. 

3. use the more reliable local loop technology: 
~ study possibilities for wireless localloop technology. Wireless localloop 

systems are a solution to many of the problems of the external line plant. 
Therefore, they need to be considered with care. Although the wireless 
technology is more expensive than wired local loop as is presently used by 
TTCL, especially for the High Revenue Generating Customers, the 
improved reliability is certainly desirable. In addition to the planned 
offering of mobile telephone services of TTCL, the wireless local loop 
service does not need to constitute high extra costs. 



1. Introduetion 

This report is the result of the graduate assignment of the Technology and Society 
course with the differentiation Technology and Development Sciences. The 
Technology and Society course is given by the Faculty Technology Management of 
the Eindhoven University of Technology, the Netherlands. The graduate 
assignment was conducted with the Tanzania Telecommunications Company 
Limited (TTCL), Dar es Salaam, Tanzania. 

TTCL was formerly managed by the government of Tanzania. However, the past 
poor performance of the government controlled organisations on almost all fronts, 
have resulted in a change in the policy of the government. The government wants 
to increase the influence of the private sector in as many areas as possible by 
allowing competition. The result for TTCL was that it is expected to operate as a 
company according to sound business principles. In the past, the prime goal was to 
provide as many inhabitants of Tanzania with a telephone as possible. Now the 
first concern is to ensure the profitability of the company. This is increasingly 
difficult for TTCL because of the growing competition. Licenses can he obtained 
for customer wiring and customer apparatus. An operator that provides mobile 
telephone services was permitted to operate in Dar es Salaam and on Zanzibar. 
This mobile operator is a serious competitor for TTCL. It is only because this 
operator needs to use TICL's infrastructure that profit losses for TTCL could be 
marginalised. In view of these developments on the telecommunications market it 
is essential to look at the differentiators between telephone service providers, 
namely the quality of offered telephone services and the price of the services. 
Although the price of telephone services can be important for the largest part of 
the telephone costomers of Tanzania, the important costomers are willing to spend 
moch money on reliable communications. For this category of costomers the price 
is not essential as a differentiator between the telephone service providers. Taking 
this into consideration, it seems wise to focus at the qoality of the telephone 
service of TTCL. The examination of the qoality can of course be performed from 
different viewpoints. One is a pure technica} examination of electrical entities, soch 
as noise, cross-talk, attenuation, etc. Another is a more costomer oriented 
examination focused on the customer observation of the quality of the telephone 
service. 

This report tries with the simpte means available to examine and, possibly, to give 
recommendations to improve the quality of the telephone service of TTCL. 
In order to accomplish this, three parts for the study will be distinguished. 
Firstly, the past development of the telephone network of TTCL will he examined; 
Trends will be described and some of the problems in the telephone network will 
become clear. 
Secondly, the qoality of the telephone service of TTCL will be examined from a 
technical viewpoint Information obtained from TTCL about faolts in the extemal 
line plant, telephone exchanges, transmission and power equipment, performance 
data from telephone exchanges and conducted measorements in three telephone 
exchanges will he discussed. 
Thirdly, the qoality of the telephone service will be looked opon from a customer 
oriented viewpoint. The examination inclodes interviews with 26 important 
telephone costomers of TTCL. 
The last two approaches to the quality of service examination will be compared in 
a comprehensive view. 
Finally, conclosions and recommendations have been drawn from the research. 



The structure of the report is as follows (see tigure 1): 

Problem setting 

Resean:h quasiion 1 1 Resean:h quasiion 2 1 Resean:h quasiion 3 

/ I ~ 

Answer1 Answer2 Answer3 

~ I 7 
Conclusions and recommendations 

F~gure 1. Research overview 

Chapter 2 will describe the problem setting and the research questions. The sourees 
that have been used for the research can he found in chapters 3 to 6. The 
preparatory sources, references, interviews and observations will he elaborated. 
In chapter 7 the answer to the first research question will be given. In this chapter 
trends from the past development of the telephone network will he examined and 
some of the problems of the telephone network will become clear. The answer to 
the second research question will he given in the chapters 8 to 11. In these 
chapters the teehoical quality of the telephone service will he looked upon. 
Subjects are: fau1ts in the telephone network, results from the conducted quality of 
service measurements in three telephone exchanges of Dar es Salaam, performance 
data from digital telephone exchanges and the quality of the billing service of 
TICL. The third research question or the customer view on the quality of the 
te1ephone service will he examined in chapters 12 and 13. The customer 
organisation will he described and the results from the interviews with the 26 
important costomers will he given. A comprehensive view will he given in chapter 
14. This chapter gives a comparison of the teehoical and the customer oriented 
quality of service examination. Finally, chapter 15 presents conclusions drawn from 
the research and recommendations for TICL. 
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2. Problem setting and research questions 

2.1 Problem setting 

2.1.1 Bistory of the telephone network in Tanzania 

The development of a nationwide telephone network started after the independenee 
of Tanzania in 1962. Before that time only near the big cities some telephone 
facilities were available. A rough estimate of the working telephone line density 
states 0.05 working lines per 100 inhabitants in the period before independenee [1]. 
During the period of the East African Posts and Telecommunication which was 
operated jointly by Tanzania, Kenya and Uganda, the growth of the telephone 
system was relatively good with an average growth rate of 13 percent per year 
during the period from 1967 to 1978 [2]. The telephone density per 100 inhabitants 
increased to 0.42 in 1976 [1]. In 1978 the Tanzania Postal and Telecommunication 
Corporation (TPTC) was formed. TPTC bas serious problems to maintain a steady 
growth rate of the telephone system mainly because of difficulties in securing 
foreign exchange. Due to this fact the growth rate bas decreased by more than half. 
In 1986 the government of Tanzania introduced the Economie Recovery Program. 
As part of this government policy, TPTC was directed to increase the efficiency of 
the telephone services. Some multilateral and bilateral donors wanted to support 
the efforts of TPTC on the condition that the whole sector would be restructured 
and that TPTC would be changed into a business oriented and service minded 
organisation. Therefore, the Ministry of Communications and Transport issued a 
directive in 1992 [3] to initiate this restructuring. Also a Memorandum of 
Understanding [4] was signed between the government and TPTC. According to 
this document TPTC is divested in 1994 into the Tanzania Telecommunications 
Company Limited (TICL), the Tanzania Postal Corporation {TPC) and the 
Tanzania Communication Commission (TCC). With TTCL being responsible for 
offering telecommunication services. TCC is responsible for the regulation of the 
communications sector. In addition to the telephone services of TTCL, MIC 
Tanzania Ltd. started offering mobile telephone services under the brand name 
Mobitel in September 1994. The restructuring efforts are guided by the 
Telecommunications Restructuring Program (TRP) [5] and cover rehabilitating and 
expanding the telecommunications network of the TTCL, as well as reorganising 
the TTCL organisation. The TRP is supported by many donors from many 
countries. TRP was supposed to be a five-year program starting from 1992 to 
1996, but due to various reasons the program bas been delayed. One important 
reason was that the TTCL is incapable of obtaining earnings from costomers and, 
therefore, is not able to provide its share in the investments for TRP. 

2.1.2 State of the telephone network 

The state of the telephone infrastructure of Tanzania is characterized by the 
following [6]: 
1. low overall density of lines; 
2. low supply of lines with respect to demand; 
3. relatively small growth of the telephone system; 
4. many unsuccessful calls due to a too small capacity of the system; 
5. many faults due to inadequate maintenanee of extemal line plant, 
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exchanges and transmission; 
6. the use of many different types of components in the telephone system; 
7. a focus on telephone provision (quantity) rather than service (quality). 

2.1.3 Opinion of the important TTCL costomers about the telephone service 

In Tanzania the competition of the mobile telephone services (from Mobitel and 
Tritel) is more and more a threat to the profitability of ITCL. The new telephone 
service providers offer reliable services. And although the services they offer are 
expensive when compared to the services of ITCL, many telephone costomers 
switch to the services of these mobile telephone providers. It is obvious that ITCL 
loses much of their iocome this way. All telephone costomers that switch are 
probably High Revenue Generating Costomers (HRGCs) of ITCL. These HRGCs 
are a relative small group of costomers that give TTCL much iocome from 
telephone services. It can be concluded that ITCL needs to spend more attention 
on keeping the important costomers satisfied. It is assumed for the research that the 
opinion of the important telephone costomers is influenced profoundly by the 
quality of the offered telephone service and not by the price of the services. 
Therefore, HRGCs that have a negative opinion towards the telephone service are 
likely to switch to another telephone service provider. 

2.1.4 Quality of the telephone service 

The quality of the telephone service can be measured using different methods. The 
International Telecommunications Union (ITU) provides a metbod [7] that will be 
used in this research. ITU divides the quality of service of the telephone service 
into three parts. The parts 2 and 3 are again divided into sub-parts. 
1. ability of the customer to use the telephone service; 
2. provision of a desired level of service quality; 

2.1 conneetion establishment, i.e. the ease of getting the right telephone 
number; 

2.2 conneetion retention, i.e. the ability to rnaintaio a call during the desired 
length; 

2.3 conneetion quality, i.e. the quality of the conneetion quality of the 
conneetion when making a telephone call; 

3. billing integrity: 
3 .1 provision of correct telephone bills; 
3.2 timely delivery of bills. 

2.1.5 Research goal 

A good quality of offered service is a very important to keep the costomers 
satisfied. Especially for HRGCs a good quality is important. F or them the price of 
the services is relatively unimportant. ITCL does not have a clear picture of the 
quality of the telephone service both teehoical and as observed by HRGCs. The 
wishes for impravement of the telephone services that HRGCs have are not clear. 
The absence of knowledge makes it difficult for ITCL to take the necessary 
(technical) measures to improve the quality of the telephone service. The goal of 
the research is: the impravement of the quality of the telephone service of ITCL. 
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2.2 Research questions 

TICL's operations are frustrated by different problems. From the multitude of 
problems facing TICL, the quality of the telephone service was indicated by 
TICL for the research. The formulation of the next research questions has been 
completed after extensive consultation of references and experts on the field of 
telephone quality observation. Preparatory efforts have been elaborated in the next 
chapter. 

The three research questions that were formulated to study the quality of service 
are: 
1. How has the telephone network of TICL developed in the past? 
2. What is the technical quality of the telephone service of TICL? 
3. What is the customer view on the quality of the telephone service of TICL? 

The first question is an introduetion to the core of the research, the description of 
the quality of the telephone service of TICL. The last two questions are two 
approaches of the quality of service examination. The second question emphasises 
the quality of the technical properties of the telephone system, while the third 
question is focused on the important telephone users. The two approaches should 
lead to the same qualification of the quality of service. However, the observation 
of the customer of the quality of service depends not only on technical properties 
but also on the specific needs of the telephone customer. The examination of both 
the technical quality of service and the customer view on the quality of service will 
give information about the shortcomings of the telephone service of TICL. After 
the description and analysis of the quality of service, recommenëlations can be 
made, which will attribute to a better quality of service of the telephone network of 
TICL. 

In the following three paragraphs the three questions are divided into more explicit 
sub-questions. 

2.2.1 How bas the telepbone network of TTCL developed in tbe past? 

The development of the telephone network of TICL has been hampered by the 
poor financial condition of the government of Tanzania, the prime investor in 
TICL. Many problems of TICL have been caused by a shortage of funds. The 
examination of the development of the telephone network is a good introduetion t'o 
the description of the quality of service. Many problems of the network become 
clearer when looking at the past development of the telephone network. This 
development etaboration will describe the telephone network using an accepted 
classification of a telephone network. The telephone network classification 
comprises three different parts: 
1. extemal line plant; The extemal line plant is the cabling from the telephone 

exchange to the telephone customer. 
2. telephone exchanges; The telephone exchange is the equipment that makes sure 

that a telephone of a customer is connected to another telephone, after the 
dialling of the telephone number. 

3. transmission equipment. The transmission equipment includes all equipment 
that is used for the conneetion between telephone exchanges and comprises, 
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among others, communication media such as cables, and communication 
equipment as such radio systems. 

In addition, the telephone traffic data for both national and international telephone 
traffic have been used to get insight in the development of the telephone usage. 

The sub-questions to the first research question are: 
1. How bas the extemal line plant equipment developed? 
2. How bas the telephone exchange equipment developed? 
3. How bas the transmission equipment developed? 
4. What are the trends in telephone usage for (inter)national telephone traffic? 

The past development of the telephone network will include data and information 
about the present state of the telephone network of TICL. 

2.2.2 Teehoical quality of the telephone service of TTCL 

The technical quality of the telephone service can be defined from different 
viewpoints. One viewpoint is to look at technica! quality from a purely objective 
technica! viewpoint, i.e. take the fundamental entities used in electrical engineering 
and make an objective description of the functioning of the telephone system. The 
problem with this approach is that the relation between technica! parameters and 
customers satisfaction is very difficult to establish. Because of these reasons it is 
preferabie to describe the technica! quality of service by taking into account the 
parameters which are directly related to the observation of the quality of service of 
the telephone service. The quality of service description used by ITU complies to 
this strategy. The ITU differentiation results in three sub-questions: 
1. What is the ability of the customers to use the telephone service? 

- How many faults occur in the extemal line plant; 
- How many faults occur in the telephone exchanges; 
- How many faults occur in the transmission equipment; 
- How many faults occur in the power equipment. 

2. What is the service quality of the telephone service of the TICL? 
- What is the quality of establishing call connections; 
- What is the quality of conneetion retention; 
- What is the quality of the connection. 

3. What is the quality of the billing service? 
- What is the percentage of correct telephone bills; 
- What is the percentage of telephone bills delivered in time. 

Remark: The classification of part 1. of this research question bas great similarities 
with the classification used for the first research question. 

2.2.3 Customer view on the telephone service of TTCL 

The opinion of the telephone users is based on their observation of the quality of 
service parameters. F or this quality of service parameters the technical quality of 
parameters can be taken as described earlier. This strategy makes it possible to 
compare the results from the technica! quality and the customer observed quality of 
service. The resulting sub-questions are the following: 
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1. What is the opinion of the telephone customers of the TICL in relation to 
getting access to the telephone service? 
- What is the opinion about provision of new services; 
- What is the opinion about clearing of faults. 

2. What is the opinion about the service quality of the telephone service of 
TICL? 
- What is the quality of establishing call connections; 
- What is the ability to rnaintaio a call during the desired length; 
- What is the quality of the conneetion when making telephone calls. 

3. What is the opinion of the customers about the billing service? 
- What is the opinion about the correctness of telephone bills; 
- What is the opinion about the tirnelmess of telephone bills. 

5 



B. Methodology 

3. Preparatory sourees 
4. Research sources: References 
5. Research sources: Interviews 
6. Research sources: Observations 



3. Preparatory sourees 

3.1 Preparation goals 
3.2 Consullation of relerences 
3.3 Consultation of experts of PTI Telecom 
3.4 Research proposal 



Research sources: Preparatory sourees 

3. Preparatory sourees 

3.1 Preparation goals 

The preparations of the research with ITCL had three goals: 
- find relevant research topics; 
- etaboration of chosen research topics; 
- get background information about the research topics. 

As preparation of the research different sourees have been consulted. The most 
important sourees of information for the research were libraries and different 
experts of PIT Telecom. 

3.2 Consultafion of references 

Relevant references have been found in several libraries (EUT, KIT and Delft 
libraries). Furthermore, background information about Tanzania such as 
socioeconomie statistics, statistics in the field of telecommunication, social 
backgrounds and language courses (Kiswahili) have been consulted. After 
consultation of the references two subjects have been chosen. These subjects had to 
be elaborated further. The information obtained duringa two week inventory of 
quality management at the PIT Telecom department of Amsterdam Sloterdijk, The 
Netherlands was of crucial help. As was the information obtained from Mr. F. 
Verdolt of PIT Staf Kwaliteit, The Hague, The Netherlands. 

3.3 Consultafion of experts of PTT Telecom 

During a two weeks visit the PIT Telecom department in Amsterdam Sloterdijk, 
The Netherlands gave information about: 
- questionnaires for finding the customer opinion about the telephone 

service of PIT Telecom in the Netherlands; 
- customer service structure of PIT Telecom; 
- complaint handling for residential costomers and business customers; 
- service in case of faults; 
- quality observation, recording and guarding of quality of service; 
- teehoical quality parameters which are important for quality 

observation. 

Mr. F. Verdolt of PIT Staf Kwaliteit, The Hague, The Netherlands, bas given 
relevant methodological information about user observed quality. 

3.4 Research proposal 

All efforts resulted in a research proposal with research questions and relevant 
information. The research proposal bas been made onder the guidance of Dr. P.E. 
Lapperre, and Ir. J. Dijk. Doe to the limited information that was available from 
ITCL at the time of the preparations some slight alterations of the research 
questions were necessary. As a result, an extra research question about past 
development of the telephone network bas been added and the sub-questions 
mentioned in the research proposal have been altered. 
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4. Research sources: References 

4.1 References 

Many references have been obtained from TICL. In many cases the references 
were reports for internat use. Also references have been used from the International 
Telecommunications Union, SIDA and the government of Tanzania. The following 
types of references have been used for the research: 
- TICL references ( internat and external used doeurneuts ); 
- data outputs from digital exchanges; 
- government references; 
- Tanzania Communications Commission references; 
- other references. 
In the following paragraphs the different references will be elaborated. Firstly, all 
the found references will be described, secondly, the use of the references for the 
three research questions will be given. 

4.1.1 TTCL references 

Internat used documents: 
- Monthly telephone instanation returns (October 1995) ... [8]; 
- Monthly telephone instanation sommarles (January-July 1995) ... [9]; 
- Monthly fault summaries, (form E.146) (January-June, July-September 

1995) ... [10]; 
- Quarterly faolts reports (December 1994, July 1995) ... [12]; 
-Major breakdown report (January-June 1995) ... [13]; 
- Annual traffic analysis, summary report, 1994 ... [14]; 
- Morning faolts reports (Dar es Salaam, August 1995) ... [15]; 
- Operational performance report (third quarter 1995) ... [16]; 
- Analysis ofthe existing billing chain, version 3.0, May 1995 ... [31]; 
- Revision ofthe Memorandum ofUnderstanding Targets for 1994-1996 ... [17]; 
- Revision of MOU targets and indicators ... [18]. 

External used documents: 
- Telecommunication statistics (1932-1993, and 1994) ... [2][19]; 
- Telecommunications tariffs (1 January 1995) ... [20]; 
- hookiets about the Telecommunications Restructuring Program (October 1993 

and June 1995) ... [5][21]; 
- Memorandum of Understanding ... [4]. 

4.1.2 Govemment references 

- Ministerlal Directive No.1...[3]; 
- Tanzania in figures 1994 ... [22]; 
- Statistica! Abstract: 1993 ... [23]; 
- Transport statistics 1993 ... [24]; 
- Sector policy papers for 1994/95 (transport, construction and communications 

sectors) ... [25]; 
- Rolling plan and forward budget for Tanzania for the period 1994/95 -

1996/97 ... [26]. 
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4.1.3 Tanzania Communications Commission references 

- Procedures and tariffs for licensing radiocommunication and 
telecommunication and postal services ... [27]; 

4.1.4 Data outputs from digital telephone exchanges 

Data outputs from GX5000 and NEAX61E digital telephone exchanges have been 
used. Most of the data outputs have been obtained from the Traffic engineering 
department of TTCL, others have been obtained from digital telephone exchanges 
staff. lnformation necessary to analyse the data outputs have been obtained from 
staff from digital telephone exchanges. 

4.1.5 Other references 

- Handhook of Quality of Service, Network Management and Network 
Maintenance ... [7]; 

- ITU Recommendation E.125 ... [28]; 
- ITU Statistical Yearbook 1986-1993 ... [29]; 
- Telecommunications and Economie Development in Tanzania ... [!]; 
- Telecommunications and Development in Africa ... [30]; 

All relevant information was filed for further consultation and analysis. At the end 
of the chapter the references listing is repeated for easy consultation. 

4.2 Use of references for the three research questions 

4.2.1 References about the past development of the telephone network of 
TTCL 

The following references have been useful for the development description of the 
telephone network of TTCL: 
- Telecommunications and Economie Development in Tanzania .. [!]; 
- Telecommunication statistics (1932-1993, and 1994) ... [2][19]; 
- Monthly telephone instanation returns (October 1995) ... [8]; 
- Monthly telephone instanation summaries (January-July 1995) ... [9]; 
- ITU Statistical Yearbook 1986-1993 ... [29]; 

Information obtained from these references bas been used to describe the 
development of the telephone network of Tanzania 

4.2.2 References about the teehoical quality of the telephone service of 
TTCL 

The references that will be used for answering of the second research question are 
given below. The references can be divided into two parts: 
- references about methods to describe quality of telephone services; 
- references about quality of service offered by TTCL. 
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4.2.2.1 References about methods to describe the quality of telephone services 

The next references about methods to measure quality of service of telephone 
service have been used to find answers on research question two. 
- Handhook of Quality of Service, Network Management and Network 

Maintenance ... [7]; 
- Telecommunications and Development in Africa ... [30]. 

4.2.2.2 References about quality of service offered by TTCL 

The next references contain information about the quality of service of TTCL. 
They have been consulted for the answering of the second research question. 
- Telecommunication statistics (1932-1993, and 1994) ... [2][19]; 
- Monthly telephone installation returns (October 1995) ... [8]; 
- Monthly telephone instanation summaries (January-July 1995) ... [9]; 
- Monthly fault summaries, (form E.146) (January-June, July-September 

1995) ... [10]; 
- Quarterly faults reports (December 1994, July 1995) ... [12]; 
-Major breakdown report (January-June 1995) ... [13]; 
- Annual traffic analysis, summary report, 1994 ... [14]; 
- Moming faults reports (Dar es Salaam, August 1995) ... [15]; 
- Operational performance report (third quarter 1995) ... [16]; 
- Analysis of the existing billing chain, version 3.0, May 1995 ... [30]; 
- Revision of the Memorandum of Understanding Targets for 1994-1996 ... [17]; 
- Revision of MOU targets and indicators ... [18]; 
- Telecommunications tariffs (1 January 1995) ... [20]; 
- hookiets about the Telecommunications Restructuring Program (October 

1993 and June 1995) ... [5][21]; 
- Memorandum of Understanding ... [4]. 

Data outputs from the GX5000 and NEAX61E digital telephone exchanges have 
been used for answering of the second research question. 

4.2.3 References a bout the customer view on the telephone service of TTCL 

The references that have been useful for answering the second research question 
are given below. The references can be divided into two types: 
- references about measurements of the customer view on telephone services; 
- references about the customer view on the telephone service of TTCL. 

4.2.3.1 References about measurement of the customer view on telephone 
services 

A few references from ITU have been very useful. The standard ITU questionnaire 
to measure the satisfaction of telephone users about international telephone use bas 
been very helpful, when preparing the interviews of some important costomers of 
TTCL. 
The following references have been used: 
- Handhook of Quality of Service, Network Management and Network 

Maintenance ... [7]; 
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- ITU Recommendation E.125 ... [28]; 

4.2.3.2 References about the customer view on the telephone service of TTCL 

Not many references are available in the TICL organisation about the customer 
view on the telephone service. One TICL report exists that gives an estimation of 
customer satisfaction about the billing service. 
- Analysis ofthe existing billing chain, version 3.0, May 1995 ... [30]. 

References that have not been mentioned for use with one specific research 
question, have been consulted but were not very important for the answering of the 
three research questions. 
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5. Research sources: Interviews 

5.1 Interviews 

Basically two types of interviews have been used: 

1
- unstructured interviews; 

i - structured interviews. 

The most important interviews were the .-W!!_trl!~!üred interviews with TICL staff 
and the structured interviews with ~Q!D__e-ihtportarit telephone èustomers about the 
quality of the telephone service of TICL. In the following paragraphs the different 
interviews will be elaborated. Firstly, the interviews with TICL staff will be 
described, secondly the interviews with the important TICL costomers will be 
elaborated and the methodology of the interviews with HRGCs will be explained 
extensively. Thirdly, the use of the interviews for the three research questions will 
be given for every research question. 

5.1.1 Interviews with TTCL personnet 

All kind of information about the telephone system is available in the TICL 
organisation. It is, however, difficult to obtain the information. TICL does not 
have a good information infrastructure. This means that to get the information that 
is both recent and relevant, many personnet of TICL have to be consulted about 
where the needed information can be obtained and which person bas to be 
consulted. It was necessary to visit many departments of TICL to get the wanted 
information about the TICL organisation and about the quality of the telephone 
service. Technical information as wellas customer information was obtained by 
interviewing TICL staff. The following departments of TICL have been visited: 
- Finance; 
- Business and strategie planning; 
- Information and management systems; 
- Network design and engineering; 
- Network construction; 
- Resources planning and supplies; 
- International services; 
- Commercial services; 
- Central repair centre; 
- Maintenance coordination; 
- Operations coordination. 
Information obtained from personnet of the Commercial services department bas 
been very important for the research. In addition to the departments of the TICL 
headquarters, also the three telecommunication zones (Tanzania is divided into 
different (telecommunications) zones. Every zone bas an organisation that takes 
care of local management of the telephone network.) of Dar es Salaam (Dar es 
Salaam Central, North and South zones) have been visited to get information about 
the customer services that are offered by TICL and about the telephone operation, 
maintenance and repair practices for extemal line plant, telephone exchanges and 
transmission equipment. 
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5.1.2 Interviews with TTCL telepbone costomers 

During the visits of the different ITCL departments aod Dar es Salaam zones 
some incidental interviews with ITCL telephone customers were possible. The 
customers interviewed were mostly customers who waoted to complain about a 
faulty telephone. _.J'Jle most important customer interviews were the structured 
interviews with:~§-'High Revenue Generating Costomers (HRGCs). HRGCs are ao 
identified group of telephone customers that give ITCL much revenue. The 
questionnaire asked specifically about the observed quality of the telephone service. 

5.2 Methodology of the interviews with HRGCs of TTCL 

The following paragraphs will explain the methodology used with the interviews 
with HRGCs of ITCL. 

5.2.1 Qoestions of the interview 

The interviews with HRGCs are intended to describe the opinion of HRGCs about 
the telephone service of ITCL. The subject of the questions was the following 
information: 
1. administrative information; 

- information about the customer (address, telephone number, intensity of 
telephone use ). 

2. telephone user experience aboot: 
- conneetion establishment; 
- conneetion quality aod retention. 

3. telephone customer op in ion aboot the 
- conneetion quality; 
- telephone service of ITCL; 
- importance of conneetion quality versus conneetion establishment. 

The operationalisation of the waoted information in questions bas been done with 
help of the questionnaire available by ITU [28] aod other information from PIT 
Telecom, The Netherlaods. Some administrative aod seleetive questions have been 
added. 

The resulting questionnaire cao be found in Appendix 11. 

5.2.2 Research popolation 

The telephone customers are defined as all people who use the telephone intensely 
aod on a regular basis. The number of telephone customers is very large aod 
spread over the urbao aod rural areas of Tanzania. Interviewing all these customers 
would be very time consuming aod expensive. The groop of telephone customers 
which is the most important for the iocome of ITCL are the high revenue 
generating customers, a by ITCL identified group of telephone customers who 
generate moch revenue for ITCL. lt seems logical to consider this important group 
of telephone customers for the research. The opinion of these customers is 
considered to be important because a negative opinion cao result in customers 
switching to aoother telecommunications operator. This is likely, because HRGCs 
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can spend much money on telecommunications and mostly communication is vital 
for them. In the case of a switch TICL will a loose considerable amount of 
income. The study of all HR.GCs of Tanzania is very difficult because of the 
spread of the group costomers over Tanzania, resulting in ditTering conditions for 
the telephone service. Financial and time constraints on the research are important 
considerations to make another limitation on the population. However, because 
almost half of all telephone connections is in Dar es Salaam and most HR.GCs are 
situated in Dar es Salaam, the limitation of the research to Dar es Salaam poses no 
serious constraint on the research results. Another observation is important bere, 
namely for now only in Dar es Salaam and Zanzibar other telecommunication 
operators are working. Therefore, costomers can not change to another operator in 
other areas of Tanzania. The above-mentioned considerations taken into account, 
the group of HR.GCs of Dar es Salaam bas been taken as the population for the 
research. 

5.2.3 Taking a sample of the high revenue generating costomers 

High Revenue Generating Costomers (HRGCs) have been identified by the finance 
department of every telecommunication zone by examining the received earnings 
for telephone usage. The Finance department sends this information to the 
Commercial Services department of the TICL headquarters. Here a overview of 
HR.GCs is made. The population of HR.GCs can be divided into several categories. 
This is done by type of activities that the HR.GCs are performing. The following 
categones have been identified by TICL: 
- embassies (15); 
- parastatal organisations (27); 
- international and other private companies (164); 
- hotels (37); 
- transport companies (14); 
- UN agencies and non-govemment organisations (33); 
- airlines (13); 
- shipping lines (4); 
- banks (6); 
- tour-operators (28); 
- govemment organisations (39). 

(The numbers in brackets bebind the category narnes are the number of 
organisations representing the category in Tanzania.) 

TICL estimates on the number of HR.GCs are not very precise, because of the 
erroneous billing system. The list of High Revenue Generating Costomers is 
therefore not reliable. The list of 180 HR.GCs spread over the whole of 
Tanzania contains about 161 HR.GCs that are situated in Dar es Salaam or have 
parts of their organisation in Dar es Salaam. Almost 90% of all identified HR.GCs 
is situated in Dar es Salaam. 

HR.GCs are concentrated in only a few areas of Dar es Salaam: 
- Pugu Road; 
- City Centre; 
- Oysterbay. 
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The spread of categories over these three areas is not homogeneous. In Pugu Road 
there are mostly international and other private organisations, in City Centre banks, 
hotels, airlines, transport companies, tour-operators and embassies, while Oysterbay 
has mostly embassies. This makes it difficult to take a random sample with a 
homogenous distribution of respondents over the different areas and categories. 
The decision was made to divide the population of Dar es Salaam into 
homogeneous groups by looking at aspects that have probably influence on the 
quality of the telephone service as seen by HRGCs. The aspects that have taken 
into account are: 
- category of activity; The activity of the HR.GCs is of influence on the demands 

they have for the telephone service. 
- old or new exchange, i.e. analog or digital exchange; The age of the telephone 

exchange influences the quality of the telephone service. Also the services that 
are offered by new digital exchanges are drastically increased. The most 
important extra service is direct international dialling, which is not available with 
the analog telephone exchanges. 

- old or new external line network. The age of the external line plant network is of 
great influence on the number of faults in the external line plant. These faults are 
especially crucial because faults in the external line plant are perceived directly 
by HR.GCs and can result in a total loss of telephone service for a long time. 

Distributed over the 161 HR.GCs 26 interviews have been taken. The interviews 
were distributed over the following categories of HRGCs: 
- embassies (3); 
- parastatal organisations ( 4 ); 
- international organisations and other private organisations (3); 
- hotels ( 6); 
- transport companies (2); 
- airlines (5); 
- banks (3). 
(In brackets behind the categories the number of interviews held per category, total 
26 interviews.) 

The distribution over the two other aspects is shown in tables 1-7. 

Tables 1-7. Interviewed HRGCs distributed over old and new extemalline 
plant and old and new telephone exchanges 

Banks 

Old telephone exchange 

New telephone exchange 

Transport companies 

0/d telephone exchange 

New telephone exchange 

0/d external fine plant 

Stanbic Bank Tanzania Ltd. 

0/d external fine plant 

26 

New external fine plant 

NBC Foreign Branch 

Stanbic Bank, 
lndustrial Branch 

New externa/fine plant 

Africarriers Ltd. 
NAS Hauliers Ltd 
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Tables 1-7. Interviewed HR.GCs distributed over old and new extemal line 
plant and old and new telepbone exchanges (Continued) 

Hotels 

0/d telephane exchange 

New telephane exchange 

Int. and. other private 
compan1es 

0/d telephane exchange 

New telephane exchange 

Parastatal 
organisations 

0/d telephane exchange 

New telephane exchange 

AirJin es 

0/d telephane exchange 

New telephane exchange 

Embassies 

0/d telephane exchange 

New telephane exchange 

0/d externa/fine plant 

AGIP Hotel 
Embassy Hotèl 
Kilimanjaro Hotel 
Mawenzi Hotel 

0/d external fine plant 

0/d externa/ fine plant 

Presidential Parastatal Sector 
Reform 
Commission (PPSR) 

0/d external fine plant 

Swiss Air (2) 

KLM 

0/d external fine plant 

Canadian High 
Commission 

New externa/ fine plant 

Sheraton 
Oysterbay Hotel 

New externa/ fine plant 

Rajani lnd 
Heilkei Chemical lnd 
H.K. Foam Ltd 

New externa/fine plant 

National Milling Corp. 
Tanzania Cigarette Company 
Ltd (2) 

New external fine plant 

GulfAir 

Kenya Airways 

New externa/fine plant 

Ugan~ijigh 
COmmtsston 

US Embassy 

From the tables 1 to 7 above it cao be seen that some group combinations are 
empty: 

old external line plant and old telephone exchange: 
four categones empty, seven interviews held; 

old external line plant and new telephone exchange: 
four categones empty, three interviews held; 

new external line plant and new telephone exchange: 
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no categones empty, thirteen interviews held; 
new external line plant and old telephone exchange: 

four categones empty, three interviews held. 

Research sources: Interviews 

The reason is that there are oot many HR.GCs having a telephone service with 
combinations of 
- old external line plant and old telephone exchange, 
- old external line plant and new telephone exchange or 
- new external line plant and old telephone exchange. 

5.2.4 Procedure of conducting interviews 

The interviews have been conducted using the procedure described below: 

1. Go to the HRGC's premises; 
2. Teil the first person on that premises, mostly a guard or receptionist, the 

wish to do an interview about the quality of the telephone service; 
3. Show the letter from TTCL, stating the approval of TTCL of my research; 
4. Ask for someone who uses the telephone very often to make telephone 

calls inside Tanzania; 
5. Ask the questions on the questionnaire, some questions needed 

additional explanations; 
6. Thank the respondent for the cooperation with the interview. 

5.2.5 Significanee of results from the conducted interviews 

The conclusions from the held interviews are somehow limited by the limited 
number of interviews. Very sophisticated analysis methods would oot result in 
valid conclusions. However, indications cao be given about the opinion of the High 
Revenue Generating Customers (HRGCs) about the telephone service. 

5.3 Use of interviews for the three research questions 

5.3.1 Interviews about the past development of the telephone network of 
TICL 

Interviews were oot important as an information souree for the description of the 
development of the telephone network. Most information was obtained from the 
already mentioned references. 

5.3.2 Interviews about the teehoical quality of the telephone service of 
TICL 

For the answering of the second research question, the interviews were very 
important and gave much information. The visits to the Dar es Salaam zones 
especially gave much information about maintenance practices and the state of 
telephone equipment. Also information about the customer services from TTCL 
was obtained. Interviews with personnet of TTCL headquarters gave much 
information about teehoical problems TTCL is facing. 
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5.3.3 Interviews about the customer view on the telephone service of TTCL 

5.3.3.1 Interviews with TTCL statT 

Interviews in the Dar es Salaam zones gave general infonnation about the 
telephone customer view on the telephone service. Incidental interviews with a few 
costomers were possible. The interviews with the staff of the Commercial services 
department were especially helpfut to get infonnation about the important, High 
Revenue Generating Customers. 

5.3.3.2 Interviews with HR.GCs 

Interview with HRGCs gave much infonnation about the opinion of HRGCs about 
the quality of the telephone service of TTCL. HRGCs made also interesting 
remarks about the telephone service of TTCL, which have been useful in the 
answering of the third research question. 
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6. Research sources: Observation 

6.1 Observation 

Besides the earlier mentioned information sourees (references and interviews) 
observation bas been an important means to gather information for the research. 
Especially for the technica} research question, observation could give much 
relevant information. Two types of observation have been used: 
- unstructured observation; 
- structured observation. 
In the next paragraphs the different observation activities will be elaborated. 
Firstly, observation during the visits of the TTCL departments and the Dar es 
Salaam zones will be described. Secondly, observation during telephone test-calis 
made from Telephone House in Dar es Salaam will be described. After the short 
description a detailed explanation will be given of the foliowed methodology of the 
observations of the technica} quality of service. Thirdly, the use of observation for 
the answering of the research questions will be dealt with. 

6.1.1 Observation durlog visits of the TTCL departments and Dar es 
Salaam zones 

During the visits and stay in Dar es Salaam the observation of the state of various 
telephone system parts, as telephone poles, wires etc. gave information about 
maintenance andrepair practices (and the attitude of customers towards the 
telephone service can be observed almost in every department, because customers 
try to get services from all TTCL employees.) The following places have been 
used for this unstructured observation: 
- state of telephone equipment sites; During the visits of telephone exchanges, 

extemal line plant maintenance divisions and transmission sites a general picture 
could be obtained from the state of the telephone network. Operation, repair 
and maintenance practices could be observed. 

- working practices of TTCL; The visiting of the departments were an opportunity 
to make observations about working practices. 

- the customer services centre; The TTCL service offered in the customer service 
eentres could be observed bere. Also the attitude of customers towards TTCL 
telephone services could be observed. 

No analysis bas been applied on the obtained information due to the unstructured 
nature of the information. 

6.1.2 Observation of teehoical quality of service in three telephone 
exchanges 

Structured observation bas been used to get information about the technical quality 
of the telephone service. This was done by making a number of test-calis from 
three types of exchanges that are used extensively in the TTCL telephone network 
of Dar es Salaam. The number of telephone customers connected to these 
telephone exchanges is about 20,000. Only observations for outgoing telephone 
calls have been made. The telephone exchanges that have been used for 
measurements (C400, GX5000 and SXS telephone exchanges) are situated in the 

33 



Research sources: Observation 

Telephone House, Dar es Salaam. The three quality of service parameters that have 
been measured are: 
1. the quality of telephone call establishment; Call establishment can be 

divided into three aspects: 
- answer bid ratio, the number of telephone call attempts that result in an 

answering signal; This ratio describes the telephone call establishment 
efficiency of the telephone network. 

- dial tone delay, the time between off-hook of the telephone receiver and the 
dial tone; This is a measure for the capability of the local exchange to 
respond to a service bid. 

- post-dial tone delay, the time between dialling of a telephone number and 
reaction of the telephone network ( ringing and busy tone ); This is a measure 
for the capability of the network to react to a service bid. 

2. the ability to rnaintaio a call during the desired length; 
- the ability to handle a normal length telephone call of three minutes length 

without cut-off before the end of the call; 
3. the quality of the conneetion when making telephone calls. 

- the ability of the telephone network to facilitate communication between two 
people (the caller and the called person) using the telephone, without giving 
these two persons any difficulty in talking or hearing due to the occurrence 
of noise, cross-talk, distartion or a too low sound volume. 

The above description complies to the classification of ITU, which has been 
described earlier. 

6.2 Methodology of tbe tec:hnical observations 

In the following paragraphs the methodology used with the technica! observations 
will be explained. 

6.2.1 Measurement time 

F or all routes between the above mentioned telephone exchanges and other Dar es 
Salaam telephone exchanges measurements have been made during busy and slack 
hours. Busy hours have been taken :from 9.00 to 12.00 and slack hours from 16.00 
to 18.00 hours. This assumption has been done after consulting staff of the Traffic 
engineering department and staff of different Dar es Salaam telephone exchanges. 

6.2.2 Test-procedure 

The test-calis have been conducted by calling from the three exchanges to 
Automatic Answering Test-numbers {AATs} ofthe other Dar es Salaam telephone 
exchanges. During both busy and slack hours one or two session of five test-calis 
have been made for every outgoing route. The test-calis were done with a time 
interval of one or two minutes to prevent short peaks of telephone traffic that could 
influence the measurement results. The number of test-calis has been restricted to 
diminish the influence of the test-calis on the normal telephone equipment. The 
measurement results were filled in on the measurement form for every outgoing 
route. 
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6.2.3 Limitations of tbe observations 

The measurements of the quality of service have been limited by several factors: 
- time available for the measurements; The number of test-calis was restricted by 

the time made available by the ITCL to do the measurements and by the time 
personnet was available in the exchanges. The last reason was the cause that no 
measurements were possible during the period from 18.00 to 8.00 hours, which 
otherwise would be a good period to measure slack hour telephone network 
performance. 

-Automatic Answering Test-numbers (AATs); The AATs give an answering signal 
after calling the numbers. They give the signal only during a period of two 
minutes. Therefore, the proposed retention measurements during three minutes 
were not possible using AATs. 

- availability of exchange staff for measurements; The measurement of conneetion 
retention and conneetion quality was difficult to accomplish because the staff 
could not cooperate with the measurements. The organisation of this cooperation 
is difficult because staff of the telephone exchanges have to help the technicians 
to fmd faults in the extemal line plant and other maintenance tasks. The 
assistance of technicians requires much telephone use and it is not 
recommendable to hamper this task by the measurements. 

- used test-telephones; The telephones used with the GX5000 exchange was a 
push-button model with tone dialling, the telephones for SXS and C400 exchange 
were rotary putse telephones. This difference bas to be dealt with care. The 
difference between the tone and the putse dialling is significant because there is a 
time interval between the dialling of the last number and the reception by the 
local telephone exchange of all the pulses. The post-dialling delay is therefore 
influenced by this difference. The inaccuracy bas been minimized by measuring 
the post-dialling delay from the end of the sending of the pulses until the reaction 
of the telephone network and for the telephone with tone dialling from the 
pressing of the final digit of the telephone number until the reaction of the 
telephone network. 

- uncertainty of the traffic density for different times; Although the personnet of 
the Traffic engineering department and telephone exchanges have given the times 
for busy and slack hours, real busy and slack hour can change from day to day. 
No real solution other than measuring during longer time periods is possible to 
overcome this problem. For this reason some measurements were done during 
two different times, if measurement results during slack hours differed little from 
the results during busy hours. 

6.2.4 Representativeness of the observation results 

Influenced by above-mentioned factors and other factors as time and available 
finances to do the measurements, the measurements have many limitations: 
1. only in three exchanges of Dar es Salaam measurements have been done. These 

exchanges have about 55% of all Dar es Salaam telephone lines (23% of all 
Tanzania exchange connections); 

2. only outgoing routes to Dar es Salaam exchanges have been taken into account; 
3. measurements have been done during three consecutive days and one day for 

every telephone exchange; 
4. conneetion retention and quality of conneetion measurements were difficult to 
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do and as a result only limited conneetion quality measurements have been 
done and no retention measurements. 

6.3 Use of the observation for the three research questions 

Observation has given much relevant information, especially for the answering of 
the second (technical) quality of service research question. In the following 
paragraphs the use of observation as a souree for the research will be given. 

6.3.1 Observation of the past development of the telephone network 

For answering of the frrst research question observation has not given relevant 
information. 

6.3.2 Observation of the teehoical quality of the telephone service 

Observation has been very important for the answering of the second research 
question. The observations in the three telephone exchanges gave much interesting 
information about quality of service provided for telephone costomers connected to 
these exchanges. Observation of the state of the telephone network during the visits 
of the different departments of TICL and the Dar es Salaam zones gave useful 
information about the state of the telephone equipment. 

6.3.3 Observation of the customer view of the quality of the telephone 
service 

During the visits of the TICL departments it has been interesting to see people 
using the telephone. Problems of telephone use can often be easily observed. 
Dissatisfied costomers who are very frustrated and angry by the service of TICL 
can be seen all the time at the TICL customer service centres. 
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7. The past development of the telephone network of TTCL 

7.1 Introduetion to telephone network eomponents 

A telephone network consists of different components. Figure 2 shows the most 
important components of a basic telephone network. 

To higher Oldor Iele~ exclwlgea 

Local Iele~ exchange 

..---:,.____, ~ 

I 
_x_ 1---~'l':,;:ransmlssl--;;,::on:;";:llneso;;". _____ ~ _x_ 

1 
To olher IAIIephone exchange 

6 
~ SublcrlberopparaiUa ~ 

FlgUre 2. The different elemen1s of lhe telephone network 

The following components will be used in the examination of the past development 
of the telephone network of TICL: 
- external line plant; 
- telephone exchange equipment and 
- transmission equipment. 
The next paragraphs will describe the past development of these components for 
the telephone network of TICL. In addition to the description of the teehoical 
components, customer access and telephone traffic data will be used to show the 
past development of access to the telephone network and the usage of the 
telephone network. 

7.2 Externalline plant 

7.2.1 Introduetion to externalline plant 

The external line plant provides all direct connections between the telephone 
exchange and the telephone customer. The external line plant consists of different 
cables, containing the telephone connections for individual telephone customers. 
Between the telephone exchange and the telephone costomers there are different 
conneetion and Distribution Points (DPs). These are used for distribution of the 
telephone connections over different customer districts and are an easy access point 
for maintenance purposes. The different types of access points ( cabinets and DPs) 
will be explained in chapter eight of this report. 
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7.2.2 Exclosive Line Connections (ELCs) 

An Exclusive Line Conneetion (ELC) is a conneetion from the telephone exchange 
to one customer. The number of ELCs is a measure for the number of customers 
that are connected to the telephone network. It is oot the same, because customers 
cao have more than one ELC, but it is a good estimate. The development of the 
telephone network cao he examined by comparing the number of ELCs for various 
years. Information about the growth of the number of ELCs in the period from 
1932 to 1994 is presented in tigure 3. 
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F~gure 3. ELCs and stations (1932-1994} 

From tigure 3, the following four development periods cao he distinguished: 
- 1932-1940, a small telephone network with virtually no growth; 
- 1945-1966, small growth ofthe network; 
- 1967-1978, the Eastem Union period, growth of aboot 11% per year; 
- 1979-1994, the TPTC period; growth of aboot 6% per year. 
At the end of June 1995 the oomher ofELCs has reached 89,113. 

7.2.3 Stations 

A station is a telephone that oot necessarily uses its own ELCs, but cao also ose an 
already existing Exclusive Line Connection. A telephone that does oot use its own 
ELC is called an extension. The number of stations is, therefore, the same as the 
number of extensions added to the oomher of ELCs. In practice the number of 
stations is closely related to the number of ELCs. The preceding tigure gives 
information about the development ofthe number of stations from 1932 to 1994. 
At the end of June 1995 the number of stations was 158,710. The tigure shows the 
similarity between the development of the number of stations and ELCs. The same 
four development periods as for the number of ELCs cao he detined for the 
number of stations. 
- 1932-1940; virtually no growth; 
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- 1945-1966; small growth of the network; 
- 1967-1978; growth of about 12% per year; 
- 1979-1994; growth of about 4% per year. 

7.2.4 Provision and cessation of ELCs 

The number of ELCs can increase, because of provision of ELCs, or it can 
decrease, because of cessation of ELCs. The causes for provision of ELCs are: new 
customers and additional lines for existing customers. Causes for cessation of ELCs 
are: cessation by TICL (non-payment of bills, etc.) or cessation by the customer. 
Figure 4 shows that the number of provisions can be high, but does not result in a 
high increase of the number of ELCs. This is partly caused by the lack of free 
capacity of the telephone network in eertaio districts of Tanzania. lf an ELC is 
ceased, it can be given to a new telephone customer. In this case, there is no net 
increase of ELCs. The number of cessations is relatively high, because of the 
difficulty of assuring the credibility of telephone customers and the tendency to 
non-payment of eertaio customers. lf a customer does not pay the telephone bill his 
ELC is eventually disconnected. Disconnection of ELCs occupies much of the 
resources of TICL and it hampers the growth of the telephone network. 
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FIQUf& 4. Provision and net increase of ELCs (1934-1994) 

7 .2.5 Telephone costomers 

TICL divides its telephone customers into the following categories: 
-business; 
- governmental; 
- residential; 
- pubtic call office (PCO); A pubtic call office is a call office operated by TICL. 
- rented call office (RCO). A rented eaU office is a call office which is operated by 

private entrepreneurs. 
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Figure 5 gives the distribution of ELCs over these categories. The last two 
categones have been taken together, because their share in the total number of 
telephone customers is smalt. 

F~gure 5. ELCs per telephone customer category 
(End cl Juna 1995) 

7.3 Telephone exchanges 

7.3.1 Introduetion to telephone exchanges 

The telephone exchange is the equipment that takes care of connecting two 
telephone customers. The telephone exchange is basically a switch that makes, 
upon request, a conneetion between different telephone customers. The request is 
the dialling of the telephone number by a customer. There are different types of 
lines connected to a telephone exchange: 
- external line plant; This consists of the already described telephone customer 

lines. Every telephone customer has its own physical pair of wires that connects 
his telephone to the telephone exchange. 

- transmission lines; These lines are called trunks. Trunks are used for the 
communication between two telephone exchanges. The traffic of the telephone 
customers is multiplexed on the trunks. Multiplexing is a process which translates 
a conneetion into many channels. A conneetion between two customers can be 
made over one channel on one trunk. One trunk can in this way facilitate more 
than one telephone connection. The result is that trunks contain the traffic of 
many telephone customers at the same time. The transmission lines can have 
different physical forms, both radio connections as wire connections are possible. 

The telephone network is built from different telephone exchanges in a hierarchical 
manoer connected by transmission lines. The telephone customers are connected to 
a local telephone exchange. All telephone customers can call telephone customers 
that are connected to the same telephone exchange without intervention of other 
telephone exchanges. However, if a wanted customer is connected to another 
telephone exchange, other (higher order) telephone exchange(s) are necessary to 

44 



Research results: The past development of the telephone network of TICL 

establish the connection. As a rule of thumb, it cao be said that the greater the 
distance to the wanted telephone customer is, the more telephone exchanges are 
needed to make the conneetion and the higher the rank of the needed telephone 
exchanges. Figure 9 and Appendix 4 show the (planned) telephone network of Dar 
es Salaam. The different ranks of telephone exchanges cao easily be seen and the 
rank narnes are indicated in the figures. The telephone network throughout 
Tanzania has a similar hierarchical built-up. 

7 .3.2 Types of telephone exchanges 

In the TTCL telephone network three types of telephone exchanges are in use: 
- manual exchanges; These are mainly used in rural areas. TTCL uses manual 

exchanges for assisting customers to make long-distance national calls and 
international calls. 

- analog automatic exchanges; These are the most used type of exchanges for now. 
They are used throughout Tanzania. 

- digital automatic exchanges; The digital exchanges are the most modern 
exchanges of TTCL and are used throughout Tanzania. 

Additional telephone services, as password facilities, direct international dialling, 
abbreviated dialling, etc. are provided by the new digital exchanges. The older 
telephone exchanges, such as the manual and analog automatic exchanges, offer 
more limited services._ It is oot possible for customers connected to these exchanges 
to make direct international telephone calls, they have to use the assistance of the 
TTCL operator. Figure 6 gives the development of the number of the different 
telephone exchange types from 1932 to 1994. 
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FIQUre 6. Differenttypes oftelephone exchanges (1932-1994} 

Figure 6 shows that manual telephone exchanges comprise the largest part of the 
TTCL telephone exchanges. The number of digital telephone exchanges is small 
compared to the total number of telephone exchanges. 
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7.3.3 Type of telephone service 

At the end of October 1995, there where 10,395 working ELCs to manual 
exchanges and 74,504 ELCs to automatic exchanges (both digital and analog 
automatic exchanges) [8]. Therefore, 88% of all working ELCs is connected with 
automatic exchanges. Of all working ELCs 48% is connected to automatic digital 
exchanges and 40% to automatic analog exchanges, the remaining ELCs (12%) is 
connected to manual exchanges. As stated earlier, the modern telephone exchanges 
offer more telephone services, than the manual telephone exchanges. 

7.3.4 Capacity of the telephone exchanges 

The capacity of the telephone exchanges is the maximum possible number of 
telephone customers that cao be connected to the telephone network. Figure 7 
illustrates the development of the telephone exchange capacity, divided into manual 
and automatic exchange types. 

140 ·-c--

FJgUre 7. Capacily of manual and automatic exchanges (1968-1994) 

The total exchange capacity expressed in the maximum number of possible ELCs, 
was at the end of 1994 115,938 lines. Ofthis capacity about 46,480 is present in 
automatic digital exchanges, 51,000 in automatic analog exchanges. The remaining 
18,458 ELCs cao be provided by manual exchanges. The comparison ofthe 
number oftelephone exchanges (paragraph 7.3.2) and the capacity oftelephone 
exchanges shows that the large number of manual telephone exchanges provides a 
very small capacity of lines. Only 12% of ELCs is connected to the manual 
telephone exchanges and the remaining 88% to the automatic telephone exchanges. 

7.3.5 Telephone exchange fill 

Due to various reasoos much of the capacity of the existing telephone exchanges is 
oot utilised. This cao be seen by examining the exchange fill of the exchanges, i.e. 
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the part of the total telephone exchange capacity, which is connected to telephone 
customers. The telephone exchange fill development gives information about the 
efficiency development of the telephone exchange utilisation. Figure 8 presents this 
development from 1968 to 1994. 
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Agure 8. Exchange fill of manual and automatic exchanges (1968-1994) 

Figure 8 shows that the exchange fill of the telephone exchanges is not high, 
compared to the optimum exchange fill of 100%. The main causes for the smalt 
exchange fill are: 
- insufficient external line plant capacity; 
- faults in subscriber dedicated parts of the telephone exchanges; 
- faults in high capacity cables in the external line plant. 
The low usage of the automatic exchanges from 1990 onwards is caused by the 
acquisition of many new telephone exchanges. These new exchanges reptace 
smaller capacity exchanges or are placed in a new exchange area. The needed 
expansion of the external line plant to use the full exchange capacity takes much 
time, due to problems in the supply of materials, the Jack of finances and of 
manpower. 
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7.4 Transmission 

7.4.1 Introduetion to transmission equipment 

The transmission equipment takes care of the transmission of telephone traffic 
between different telephone exchanges. The equipment can be divided into two 
parts: 
- multiplexing equipment; The equipment translates the transmission line into 

different channels (as described in 7.3.1). 
- communication equipment; Communication equipment takes care of transmission 

of the multiplexed signal. The communication can take place over different types 
of communication media. Radio communication as well as cable communication 
is possible. 

Every telephone exchange has multiplexing equipment and communication 
equipment. So the transmission equipment is physically part of the telephone 
exchange. However, functionally it is completely different. 

7.4.2 Dar es Salaam transmission network 

The Dar es Salaam transmission network consists of different types of equipment: 
- analog transmission equipment; 
- digital transmission equipment. 
Different means of communication are used: 
- wireless communication; As wireless communication system 10 GHz radio 

beam systems are used. 
- wired communication. The most used systems are the old overhead wire systems 

and underground copper cables and (sporadically) optical fibre cables. 

The existing telephone transmission network is a transition form between the old 
analog network and the new (planned) digital telephone network. Figure 9 shows 
that the telephone network is centred around one telephone exchange. This 
telephone exchange is indicated in tigure 9 as Central C400. In fact, the 
development of the existing telephone network can be described as adding 
telephone exchanges to the old network. This is due to the Jack of fmances to 
make structural changes to the telephone network. 
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AMB AutDmallc menual board 
ISB lntemallonal awllch board 
ITE International telephone exchange 

L(T)E Loc.~ (tandem) exchange 
PC Prlnwy.-
SC Sec:ond..y-
TC Terllaly.-
CT Trllllil-

Figure 9. The existing transmission network of Dar es Salaam 

7.4.3 Transmission networkof Tanzania 

TC 

L(T)E+PC 

The long distance telephone transmission network consists of many different types 
of transmission equipment. The transmission network consists of high capacity 
communication lines (backbone). Basically the transmission network has two parts: 
- a 2 GHz backbone from Fujitsu; 
- a 6 GHz backbone from NEC. 
Communication is provided by radio and overhead copper wire systems. The 
power for the transmission systems is supplied by many different types of power 
equipment. The power supplies are located near the transmission equipment. 
Figure 10 gives an overview of the backbone transmission network of Tanzania. 
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Figure 10. Backbone transmission network of Tanzania 

7.5 Customer access to telephone service 

7.5.1 Telephone penetration 

The telephone penetration or telephone density is the number of telephone lines 
(ELCs) or stations divided by the number of inhabitants. Figure 11 gives an 
overview of the development of the penetration (number of ELCs or stations per 
100 inhabitants of Tanzania) of the telephone network in Tanzania. The assumption 
that the density of ELCs and stations is more or less equal throughout Tanzania is 
not true at all. To the contrary, 80% of all telephone lines is situated in the big 
cities of Tanzania, 40% in Dar es Salaam only. 
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F~gure 11. Penetration ofthe telephone networkin Tanzania (1968-1994) 

7.5.2 Fulfilment of telephone demand 

The slow growth of the number of telephone lines of the telephone system is not 
caused by a shortage of demand for telephone services. In fact, the number of 
waiters for a telephone conneetion has increased over the years. The number of 
waiters is not entirely realistic because of two reasons: 
- sametimes people register on the waiting list for more than one telephone line, 

only to make the chance to get one telephone line bigger; 
- some people do not take the trouble to apply for a telephone, because of the very 

long waiting times (depending on place of residence a few months to more than 
ten years). 

Figure 12 gives an overview of the number of waiters for conneetion of a 
telephone to a manual or an automatic exchange type. Because the manual 
exchanges are mostly situated in the rural areas and automatic exchanges, in 
general, in the cities, figure 12 gives also some insight in the ditTerenee between 
the number of waiters in rural and urban areas. The number of waiters for an ELC 
to a manual telephone exchange has decreased from 1991 onwards, while the 
number of waiters for an ELC to automatic telephone exchange bas kept on 
increasing sharply since 1975. 
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Ftgure 12. Waiters for an ELC pertype of telephone exchange (1968-1994) 

Figure 13 gives an illustration of the number of waiters for a telephone line 
compared with the number of working telephone lines. The percentage of total 
telephone demand (=number of working lines + number of waiters) that could be 
provided with a telephone conneetion has decreased over the years from 73% of 
the telephone demand in 1970 to only 38% in 1994. 
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F~gure 13. Wortdng lines and demand fortelephone lines (1968-1994) 
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7.6 Telephone traftic 

The information about the telephone traffic concerns manual or operator handled 
telephone calls and automatic or direct dialied telephone calls. Firstly, the dornestic 
telephone traffic is elaborated and then international telephone traffic is described. 

7.6.1 Dornestic traffic 

Dornestic telephone calls can be divided into local calls and trunk (toll) calls. Local 
calls are calls made within a 30 kilometre radial distance [20] from the caller. 
Trunk calls are all calls over a distance of 30 kilometre or more. Figure 14 gives 
the number of trunk calls and local calls handled by the operator. The tigure shows 
that the number of manual calls bas decreased since 1990 and 1991. There are two 
possible causes for the decrease of the number of manual telephone calls: 
- the telephone costomers who have access to direct dialling services use the 

assistance of the operator less; 
- there are lesser telephone costomers connected to manual telephone exchanges. 
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FIQUre 14. MamJal trunk and local cai1s (1966-1994) 
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Figure 15. Booked versus conneeled manual trunk calls (1966-1994) 

Figure IS shows the performance of manual trunk calls. A call hooking is the 
request of the customer to the operator for a call. The number of connected calls is 
the number of calls that is connected successfully by the operator. The tigure 
shows that the performance bas improved since the last two years. 

About direct dialied telephone calls no information is available. 

7.6.2 International traffic 

The international traffic bas increased for both incoming and outgoing telephone 
traftic. The incoming telephone traffic (measured in the number of call minutes) is 
much higher than the outgoing telephone traffic. This is caused by the relatively 
high rates for international telephone calls. Figure 16 gives the trends in the 
international telephone traffic. The number of call minutes is given for manual 
(operator handled) and direct dialied telephone calls. 
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Figure 16.lntemational telephone b'affic: call minutes (1980-1994) 
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8. Qoalitative and qoantitative description of faolts in the telephone 
network 

8.1 Qoalitative description of faolts in the telephone network 

8.1.1 Extemalline plant (localloop) 

The external line plant consists of foor different connections ( tigure 17 shows a 
possible contiguration of externalline plantand explains osed tenns): 
1. exchanges to cabinet; 
2. cabinet to Distribution Point (DP); 
3. Distribution Point to customer' s premises; 
4. internat wiring within the customer's premises. 

1. The connections from exchange to cabinet are made by cabinet primary cables 
(diameter ofwires is 0.4mm) with a capacity of200-2000 hundred cable pairs. 
The cables are situated underground in PVC ducts (diameter 100mm) separated 
every 200m by manholes. 

2. The conneetion from cabinet to Distribution Point is made by underground 
cables (secondary site cables) with a diameter of between 0.4mm and 0.9mm 
and with a capacity of 10-100 pairs. 

3. From DP to the customer's premises mostly overhead (aerial) cables (also 
called dropwires) are used of 1-5 pairs. Big buildings have a DP indoors and 
this DP is connected with an underground cable to the cabinet. 

4. Internal wiring is done with one or more pairs of PVC cables with a diameter 
of 0.5-0. 7mm depending on the number of telephones to connect. 

1. Rexible locaJ loop 

_x_ (Underground or -'*<~) 

F~gure 17. Rexible and rigld locaJ loop explak1ed 

The conneetion from the telephone exchange to the customer can be made using 
two possible configurations (figure 17 explains the two possibilities): 
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1. flexible local loop. In this contiguration a conneetion is made from the 
telephone exchange via cabinet to the Distribution Point. From the Distribution 
Point the conneetion is extended to the telephone customer. 

2. rigid local loop; In this configuration, the telephone exchange is connected 
directly to the Distribution Point. From the Distribution Point a conneetion is 
made to the telephone customer. 

The conneetion to out-of-area telephone customers is an example of rigid local 
loop. If a customer outside an exchange area wants a connection, he can be 
connected using a direct line from the telephone exchange (via a Distribution 
Point) to the customers' premises. The use of the rigid local loop is not frequent, 
mostly flexible local loop is used. The flexible local loop is called flexible, because 
the distribution of the number of lines can be changed more easily than with the 
rigid local loop. Therefore, a flexible local loop is less sensitive to planning 
misjudgments. 

8.1.2 Problems with the external line plant of Dar es Salaam 

8.1.2.1 Underground cables 

In the DSM Central zone many cables are 30 or 40 years old. These cables are 
from the old paper insulated type with lead protection. The proteetion of the cables 
is often damaged due to the age of the cab les. During the rainy season the ducts 
where the cables are running, get soaked with water, resulting in many faulty 
telephones. This problem is aggravated by missing manhole lids and missing 
proteetion of cable joints. The old cables have partially been replaced. This seems 
to make the problem worse, because it results in extra cable joints, that are fault 
sensitive. In the other zones of Dar es Salaam (North and South zones) the 
underground cables are newer than in Dar es Salaam Centra}, but the same 
problems exist. From the above can be deducted that the number of faulty 
telephones during the rainy season is considerably higher than during the rest of 
the year. This means that during the months March and April the number of faults 
in the external line plant of Dar es Salaam reaches its peak. 

8.1.2.2 Cable joints and joint proteetion 

There are two types of joints: 
- cable joints, the jointing of two cables (consisting of several wires); 
- wire joints, the jointing of two wires from one or two cab les. 

In the external line plant, cables have to be split in several parts because of the 
following reasons: 
- routing purposes; Parts of one cable can have another route than the rest of the 

cable. 
- maintenance purposes; The cables have to be accessible to the maintenance 

officers in case of faults. For this purpose there have to be access points to the 
cables. These access points are called manholes. 

- construction limitations; Often it is not possible to put a cable in one piece in a 
duet. This can be because of the existing infrastructure as roads, sewage or 
electricity, that is hampering the laying of cables. 
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In addition to the above mentioned reasons, in the extemal line plant of Dar es 
Salaam there are more joints, because of: 
- lack of finances to replace the whole cable; Therefore cables are being replaced 

only partially, resulting in additional joints. 
- long procedures of buying cables, resulting in too little supply for the different 

zones; Because of this shortage of supply, cables can only be replaced partially. 
- problems with old cables, that cari not be replaced because of soil and dirt in 

the ducts; Reptacement of the ducts is necessary, but this is very expensive. 
- faults in the extemal line plant planning which resulted in many joints. 

The cable joints proteetion is missing in many manholes. This is because the 
technicians need access to the wire joints every day and do not proteet the cable 
joint at the end of the day. This practice leads to a constant deterioration of the 
wire joints and consequently more faults at the cable joint. 

If made correctly, the sealing of cable joints is done with special sealing sets, 
which have to be placed around the cable joint and sealed with the help of a torch. 
Jointing of wires is done with a jelly-filled plastic U-part, which gives a very good 
proteetion against water and humidity. The wire joint can be placed with a pair of 
nippers and can be used only once. 

8.1.2.3 Overhead cables (dropwires) 

The problems with overhead cables or dropwires result from bad maintenance and 
illegal practices. Some customers bribe technicians to conneet their telephone with 
another telephone line to make calls on someone else's expense. Maintenance is 
not conducted according to the instructions. These reasoos attribute much to the 
deterioration of the dropwire cabling in Dar es Salaam. The result is that the 
dropwires are banging disorderly and are in bad condition. This makes repair very 
delicate and it needs to be done with great care. The repair of one faulty dropwire 
will in many cases result in additional faults. 

8.1.2.4 Distribution Points (DPs) 

The Distribution Points (DPs) are the access points from the telephone network to 
the customers' premises. It is a conneetion point between underground and 
overhead cables and consists of a 12-25 pair capacity conneetion with a plastic 
cover to proteet it from rain, dirt and dust. The covers from most DPs are missing. 
Therefore, dust and dirt bas entered the contacts, resulting in bad contacts. Often 
DPs are not connected with dropwires according the prescribed procedures, 
resulting in a mingle of wires at DPs. This makes repair troublesome. 

8.1.2.5 Cabinets 

The cabinet is a sealed compactment with connections for a few hundred customers 
in it. lt bas two parts: an exchange side and a DP side, with connected to them, 
respectively, the exchange cables (primary cables) and Distribution Point cables 
(secondary cables). The connections between the two partsis done by jumper 
cables. These cables are connected by sliding the cable into a special conneetion 
with a special tooi. These connections are placed in a closet with access door and 

63 



Research results: Qualitative and quantitative description of faults in the telephone network 

are sealed inside with a plastic cover. The conneetion part of the jumpers can be 
damaged easily when not using the special tooi. In spite of this, not all of the 
technicians have these tools and use for instanee a screwdriver. The plastic cover 
of the cabinet's contacts is often missing, causing dustand humidity to penetrate 
resulting in bad contacts. 

8.1.2.6 Rehabilitation of the extemal line plant of Dar es Salaam 

There have been a few attempts to rehabilitate the external line plant of Dar es 
Salaam. Table 8 gives an overview of the different exchange areas and the present 
condition or age of the external line plant. lf the external line plant is old, it is also 
in a bad condition. 

Table 8. The rehabilitation of the Dar es Salaam extemal line plant 

Telephone exchange area 

Dar es Salaam Central 

Ka we 

Kigamboni 

Kijitonyama 

Kurasini 

Msasani 

Oysterbay 

Pugu Road 

Tabata 

Ubungo 

Wageni 

Present condition of external line plant 

Govemment buildings (Kivukoni) and part of 
Upanga have been rehabilitated; rest is very old 

Old external line plant 

New externalline plant 

Old externalline plant 

Old external line plant 

Old externalline plant 

Rehabilitated between 1990 and 1991 

Rehabilitated, except the area north of the TRC 
railway line 

New external line plant 

Old external line plant 

Old externalline plant 

Table 8 shows that the Dar es Salaam external line plant bas been rehabilitated 
partially. This bas been done with the help of several foreign organisations. Within 
a short period of time (a few years) after rehabilitation, the rehabilitated external 
line plant ha5 deteriorated much and the number of faolts is again high. 

8.1.3 Telephone exchanges 

TTCL has many different types of telephone exchanges, divided in manual, analog 
and digital types. Table 9 shows the types of exchanges that are in use in the 
TTCL network. 
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Table 9. Existing telephone exchanges in the TTCL telephone network 
[2][19] 

Analog exchanges Digital exchanges 

s:xs NEAX61E 

C400 System 12 

C23 GXSOOO 

es HDXIO 

C.DOT 128 

The exchanges that are now in use have different characteristics: 
- SXS step-by-step exchange (NEC, Japan); 

This is an old type telephone exchange which is about 30 years old. In the past 
there were many of this type of telephone exchanges, but now there are only two 
left. The telephone exchange bas no specific problems. Spare parts are available 
in plentitude. 

- CS, C23, C400 cross-bar exchanges (Hitachi, Japan); 
This type of exchange is from the 1970s. It is very difficult to get spare parts for 
this type of exchanges, because it is built with many types of relays that need 
much maintenance. The different types of relays are oot interchangeable. It is 
very hard or even impossible to find replacements. In the past TTCL had a repair 
shop for relays. The repair shop bas been abandoned, probably because the 
machine to repair the relays broke down and cross-bar telephone exchange 
technology was abandoned worldwide. The C-type telephone exchanges probably 
do oot interact very well with other types of telephone exchanges. 

- GXSOOO digital exchange (Mitel); 
The GXSOOO telephone exchange is made by Mitel, Canada. It is basically a low 
traffic exchange or high capacity PBX. In Dar es Salaam the GXSOOO exchange 
is used for exchange purposes that need a high capacity exchange. It is in use 
partly as transit exchange and partly as local exchange (together with CS 
exchange). The high traffic load from the transit telephone traffic leads to 
frequent overload of the system, as cao be seen in the data traffic reports (see 
paragraph 10.3). 

- NEAX61E (NEC); 
The NEAX61E digital telephone exchange is made by NEC, Japan. 
The teehoical characteristics are: 
- traffic per trunk tenninal: 0.7 Erlangltrunk (nonna! operation); 
- traffic per line tenninal: 0.06-0.2S Erlanglline (nonnal operations); 
- total carried traffic: 1000 Erlang (nonnal conditions); 
- overload rate: 1.0 nonnat conditions and 

1.4 overload conditions. 
This telephone exchange is capable of handling large traffic loads. It is one of the 
most modern telephone exchanges used in the telephone network of TTCL. 

- SYSTEM 12 (Alcatel, Belgium); 
The System 12 exchange is a Belgium made exchange. There are two exchanges 
of this type in Tanzania (both in Dar es Salaam: City centre and Kigamboni). 
The System 12 telephone exchange in Dar es Salaam is used as international 
telephone exchange (ITE). It is connected to the Mwenge earth station, which 
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provides satellite connections with other countries all over the world. These 
countries exclude the countries that were part of the East African Union, Kenya 
and Uganda, which can be reached by overland micro-wave connections without 
interaction of the Mwenge earth station. 

- HDX (Hitachi); 
A digital telephone exchange made by Hitachi. There are two exchanges of 
this type in Tanzania. No further information about problems or functioning are 
available. 

- C.DOT 128; 
The C.DOT 128 is a digital telephone exchange. It is suitable for low capacity 
purposes, as in rural areas. Of this small digital exchange there is one in 
Kisarawe, Dar es Salaam South zone. lt functions without problems. 

- F.150 (Fetex); 
The F .150 digital telephone exchange is used in Bukoba, Kigoma, Mtwara and 
Singida. No further information is available about problems or functioning of this 
telephone exchange. 

The analog exchange types will be abolished within a few years. However, the 
Telecommunication Restructuring Programme will supply the TTCL with different 
types of digital exchanges and other telephone equipment. This situation will cause 
a number of problems for the TTCL: 
- to team people to operate five or six types of equipment, will require extensive 

training facilities. Training is provided by the manufacturer, however, this 
training is provided only a short period after the sale of the telephone 
equipment. 

- the maintenance of the different types of telephone equipment will give 
problems, because the telephone equipment needs different parts. The purebase of 
spare parts and distribution will be much more expensive and more difficult to 
manage for six types of equipment than for one type. The purebase of small 
numbers of parts from different manufacturers is not favourable. 

- rnanaging telephone exchange equipment with different characteristics and 
different computersystems and outputs needs much knowledge and is difficult to 
adapt to changing circumstances. Some parts of the computer programs of the 
exchanges are only accessible by the manufacturer. 

- transmission equipment is not interchangeable between different types of 
exchanges, because it is integrated in the exchanges and therefore exchange 
dependent This deteriorates the flexibility of the telephone network. 

8.1.4 Transmission equipment 

Transmission equipment consists of communication equipment and multiplexing 
equipment. The following types of communication equipment is in use: 
-radio; 
- microwave radio; 
- tropo-scatter radio; 
- line transmission. 

Two different types of multiplexing equipment are in use: 
- Frequency Division Multiplexing (analog); 
-Time Division Multiplexing (digital). 
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In Tanzania there is a mixture of very old and very new transmission equipment in 
use. This often causes problems, because of faulty parts that are not in stock and 
difficult to obtain, causing transmission equipment to workat part of its capacity. 
Technicians need to have knowledge to rnaintaio andrepair many systems. The 
mixture of systems makes it difficult to change the contiguration of the network. 
For example, if there is a shortage of transmission capacity in one part of the 
network and a surplus in another part, equipment of the surplus part can not he 
transferred. A serious problem is theft of cables. The cables can he used by small 
entrepreneurs for all kinds of purposes, such as cloth hangers, toys etc. The 
problem is hard to overcome. The intand of Tanzania is very large and the 
transmission lines are long. The change to radio systems is a solution as is the 
reptacement of the copper wires with copper steal composite wires. 

In Dar es Salaam there is a large scale introduetion of microwave radio systems 
( called mini-links). Radio systems are more expensive than wired communication 
systems, but they are more reliable and easier to repair. 

8.1.5 Power supplies and Tanesco 

All telephone network equipment needs electricity to function. TTCL uses 
preferably the rnains of Tanesco for the provision of electricity for its equipment 
(exchanges and transmission equipment), because the alternative (an electricity 
generator) is not favourable. The use of a generator is expensive, because fuel and 
maintenance costs are quite high. In the inland of Tanzania there is often no mains. 
In these places the only solution is an electricity generator. Sometimes it is difficult 
to reach a eertaio area for maintenance or fuel supply. New power sourees such as 
solar energy can he a solution to these problems, because solar panels do not need 
much maintenance once installed. The biggest problem with solar panels is theft of 
the panels. Especially in the border regions, this is a problem. 

Faolts in power equipment have often a large effect upon the performance of the 
transmission network in the interlor of Tanzania. If one repeater station in the 
intand of Tanzania is not functioning, large parts of the country can not reach Dar 
es Salaam or other cities. Especially the transmission station in Kisarawe is 
important, because all overland transmission lines to and from Dar es Salaam have 
to pass this station. A faiture affects all Dar es Salaam telephone costomers (40% 
of all telephone costomers is located in Dar es Salaam), whowant to make a 
telephone call to the intand of Tanzania or to another country using the overland 
transmission lines. 
If the power supply of a telephone exchange fails, the costomers connected to that 
telephone exchange are cut-off from all telephone services. This can affect up to 
20,000 telephone costomers in the worst case. 

8.2 Quantitative description of faults in the telephone network 

8.2.1 Faults in the telephone network affecting accessibility 

Faolts in the telephone network affect the access to the telephone service. Two 
types of faolts can he distinguished: 
1. no access to telephone service; 

67 



Research results: Qualitative and quantitative description of faults in the telephone network 

- extemal line plant fault; 
- some telephone exchange faults. 

2. limitation of the telephone service. 
- extemalline plant fault (telephone subscribers can not call a telephone which 

is out of order); 
- transmission faolts between exchanges; 
- all exchange faolts not mentioned onder 1. 

The ditterenee between these types of faolts is important because the customer 
might not notice a fault in a 100 line junction, but a fault in bis conneetion to the 
exchange deprives him from all telephone service. This can be very annoying, 
especially if clearing the fault takes very long. The faolts in the extemal line plant, 
therefore, affect the customers' opinion about the telephone service very much. 
The telephone customer is confronted with the following problems: 
- there are many faolts in the telephone network ( especially in the extemal line 

plant); 
- it is often difficult to reach telephone numbers in Tanzania; 
- the repair time of telephone faolts is very long (ranging from a few days to a 

number of years); 
- it is difficult for a customer to get information from TTCL about fault clearing. 

8.2.2 Fault statistics 

The regionat telecommunications eentres of Tanzania collect information about the 
performance of the telephone network and about occurring faolts in extemal line 
plant, exchanges and transmission equipment. Information is sent in monthly 
(Monthly fault summary [10]) to the National Maintenance Coordination 
department. In this department the information is analysed for all the regions of 
Tanzania. Major faolts in the telephone network are gathered in the Major 
breakdown report [13]. The report contains all faolts that affect large parts of the 
country and many telephone customers. The information sent by the regionat 
eentres to the National Maintenance Coordination department is often notcomplete 
and not accurate. The regionat eentres tend to give a too positive picture to the 
headquarters of TTCL, because of fear for retributions when the number of faolts 
is high. Some regionat eentres do not send in any information at all because of this 
reason. Other reasons for not giving the real existing number of faolts or no 
information at all, are: 
- some faolts are impossible to repair (parts not obtainable etc.) and are 

therefore not recorded on the Monthly fault summaries. 
- inadequate administration of faults; Sametimes the regionat eentres 

do not receive the correct information from the exchanges or the exchanges do 
not submit any information at all. 

- inadequate knowledge of how to fill in a new type of form; lf a form to fill in 
the faolts and other statistics is changed, it takes a long time before personnet in 
the regionat eentres uses the new form and uses it correctly. 

These reasons contribute to the fact that the fault information available with 
National Maintenance Coordination is not accurate. lt is impossible to get the 
missing information afterwards, because the regionat eentres of Tanzania are 
difficult to reach by telephone and often the personnet of these eentres is not 
willing to assist. 
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8.2.3 Fanlts in the extemal line plant 

Faults in the extemalline plant occur very frequently. lf a fault occurs in the 
extemal line plant circuit of a customer, that customer can not use that telephone 
line. The following reasons for the existence of many faults are the most 
important: 
- Jack of transport for supervisory personnet and technicians; 
- Jack of equipment for the technicians to localize the fault; 
- Jack of training of the technicians; 
- Jack of motivation of the technicians to do a good job; 
- deterlorated state of the extemal fine plant; 
- Jack of working materlafs and machinery for the construction department of the 

regions, partly because of inadequate provision of working materlafs to all 
regions; 

- technicians being bribed by customers; 
- technicians who demand money for their own pockets for doing a job (whatever 

this job might be ). 
- emergencies (faulty telephones of High Revenue Generating Costomers and other 

important customers) have preferenee over fault clearing, but also officials of 
TICL can command from the Installation and Maintenance department of a zone 
or region to clear a certain fault with preference. Any official that is higher in 
rank than the personnet in charge with repairs can demand this. It can happen for 
instanee that all technicians have to assist to repair the telephone of a minister 
or other high official. 
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Table 10. Faolts in extemalline plant of all the regions of Tanzania [11] 

Region: Mean number of external line ELCs tl 

plant faults 

Arusha 302 6,253 

DSM-Central 2,526 21,873 

DSM-North 518 10,787 

DSM-South 380 5,281 

Dodoma 16 3,171 

Iringa 8 1,569 

Kagera 61 2,092 

Kigoma 5 1,302 

Kilimanjaro 175 4,902 

Lindi 6 844 

Mara 23 1,385 

Mbeya 18 2,854 

Morogoro 94 2,684 

Mtwara 1,232 

Mwanza 223 5,224 

Rukwa 7 810 

Ruvuma 19 1,384 

Shinyanga 13 1,982 

Singida 29 1,212 

Tabora 21 1,894 

Tanga 115 4,861 

Zanzibar 48 4,229 

Pemba 58 

Tanzania 4,666 87,916 

'1The number of ELCs at the end of August 1995 as indicated in [11]. 

The values given in table 10 are a minimum value for existing faolts at any time in 
the extemal line plant. Table 10 shows that more than 5% of all ELCs is 
registrated to be out of order. National Maintenance Coordination estimates [12] 
that 10% of all ELCs is faulty. This is a more realistic value, taken into account 
the missing faolts information. It means that about 9,000 ELCs are out of order 
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every day. 

8.2.3.1 Number of days a telephone is faulty 

The average time for clearing a faulty telephone can be calculated from the Fault 
summary [10][11] compiled by National Maintenance Coordination department. 
Table 11 shows the average time to clear a faulty telephone and the number of 
faults that take longer than 30 days to clear. 
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Table 11. Averagenomber of days to clear a faolt in extemalline plant 
and nomber of faolts which exist Jonger than 30 days [11] 

Region Average days to clear a fault Fault clearings over 30 days 
(days) 

Arusha 7.3 46 

DSM-Central 11.0 231 

DSM-North 10.7 96 

DSM-South 12.9 8 

Dodoma 5.1 2 

lringa 2.3 0 

Kagera 6.8 8 

Kigoma 3.2 0 

Kilimanjaro 7.2 29 

Lindi 1.9 7 

Mara 5.2 

Mbeya 4.7 0 

Morogoro 10.8 13 

Mtwara 1.6 0 

Mwanza 6.5 30 

Rukwa 2.3 0 

Ruvuma 6.5 2 

Shinyanga 1.7 0 

Singida 3.5 0 

Tabora 4.3 0 

Tanga 7.7 7 

Zanzibar 8.6 13 

Pemba 7.6 3 

Tanzania 7.8 495 

8.2.4 Faolts in telephone exchanges 

Faults in the telephone exchanges occur mainly because the equipment is old and 
maintenance sensitive. Many parts can not be obtained, because the manufacturer 
has stopped making them. Sometimes the parts have to be ordered from outside the 
country or they have to be specially made (this is very expensive), this can cause 
reptacement to take a long time. An additional problem is transport in Tanzania, 
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which is difficult in the inland of Tanzania or almost impossible during the rainy 
season. These problems can cause long waiting times for customers. Waiting times 
up to several months or even years are no exception. Table 12 gives a rough 
estimate of the average number of monthly faults in the telephone exchanges. 
Table 13 gives an example of faults in a C400 exchange of Dar es Salaam and the 
effect upon transmission capacity. 

Table 12. Average number of faolts in telephone exchanges [10][11] 

Region: Average number of exchange ELCs ll 

faults 

Arusha 42 6,253 

DSM-Central 93 21,873 

DSM-North 10,787 

DSM-South 6 5,281 

Dodoma 30 3,171 

Iringa 6 1,569 

Kagera 3 2,092 

Kigoma 8 1,302 

Kilimanjaro 25 4,902 

Lindi 15 844 

Mara 4 1,385 

Mbeya 19 2,854 

Morogoro 3 2,684 

Mtwara 2 1,232 

Mwanza 88 5,224 

Rukwa 18 810 

Ruvuma 3 1,384 

Shinyanga 4 1,982 

Singida 2 1,212 

Tabora 14 1,894 

Tanga 24 4,861 

Zanzibar 2 4,229 

Tanzania 412 87,916 

"The number of ELCs at the end of August 1995 as indicated in [11]. 

Table 12 shows that there are on average 412 faults in telephone exchanges every 
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month. This tigure is probably not realistic. It is practice to replace faulty parts of 
the telephone exchange with parts that are not in use at that moment. By doing this 
the usabie capacity of the exchange is decreased. Some minor faults are not 
reported at all and no action is taken to correct them. The number of 500 telephone 
customers being affected by telephone exchange faults might be realistic. Faulty 
parts can be replaced by good parts of the same telephone exchange. The kind of 
bidden faults that result from this sort of repair practices is difficult to detect and is 
probably only known by staff of the telephone exchanges. The total number of 
faults (including the mentioned bidden faults) is probably higher than 1000. Hidden 
faults can be minor faults such as a faulty headset of a manual exchange or 
airconditioning equipment not working properly, to customer equipment that is not 
in use and from which parts have been used to correct an exchange fault. Even 
when including the estimate for bidden faults, the percentage of customers affected 
by telephone exchange faults (1%) is much less than by extemalline plant faults. 

8.2.5 Faolts in transmission 

The Major Breakdown reports from January to June 1995 [13] give an overview of 
occurring major faults in the (transmission) network of Tanzania. Most breakdowns 
are the result of power faults. Faulty stand by batteries, faulty generators or other 
faults in the power supply occur in 45% of all major breakdowns. The radio 
equipment is another important souree of faults (25%) and multiplex is in 5% the 
reason for a major breakdown. Wire faults occur in 15% of all major breakdowns. 
Faults result sometimes in the only partly functioning of transmission equipment, 
but often the transmission equipment does not work at all. The last case is certainly 
true in case of a power failure. Faults can exist for a long time, when there is a 
fault in the equipment which can not be repaired because of old age of the 
equipment. If equipment is old, spare parts can be difficult to obtain. Faults can 
exist for this reason in the transmission network for six months or even longer. 
The speed of fault clearing is worse in the inland of Tanzania than in the cities, 
nevertheless also in the cities faolts can take very long to be repaired. The 
problems in the transmission network are often the same problems as encountered 
in the extemal line plant: not enough funds, expertise and working material to 
replace faulty parts. Also it seems more important to repair a conneetion of an 
important customer than to replace a faulty trunk cable of which half of the lines 
are still working. The effect is that the transmission network keeps deteriorating, 
causing a decrease of the transmission capacity (which is already too small to carry 
the telephone traffic even if all cables would be in good condition). Table 13 gives 
information about the transmission capacity that is originally available and the 
number of lines that is not available because of trunk line faults or exchange faults. 
This information is representative for C-type exchanges for both trunk and 
exchange faults or for modem exchanges who still use the old transmission net
work and SXS telephone exchanges for trunk network faults. 
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Table 13. Example for C400 exchange of fanlts in the transmission and 
exchange eqnipment 1

> 

Trunks from C400 to: Total no. of working trunks Working circuits on 
16-11-1995 

DSM GX5000 30 23'' 

DSM SXS (Subscribers of 180 144'' 
C400) 

DSM SXS (Subscribers of 101 89 .. 

other exchanges) 

Ka we 11 2' 

Kijitonyama 96 87' 

Kurasini 57 36' 

Msasani 19 19 

Oysterbay 95 72 .. 

Ubungo 40 34 .. 

Trunk line fault 
•• Exchange fault because of bumed relays 
1> Data are obtained from the exchange personnel of the SXS telephone exchange, 

Telephone House, Dar es Salaam, Tanzania. 

8.2.6 Fanlts in power eqnipment 

The faults reported in the Major breakdown report from January to June 1996 in 
the power equipment are the following [13]: 
- electricity generator faults: 9 faults; 
- stand by batteries faults: 4 fanlts; 
- solar panels theft: 0 faults; 
- rectifiers faults: 6 faults; 
- other power supply faults or undefined power faults: 15 faults. 

This means that about 45% of all major breakdowns in the telephone network is 
caused by power failures. The failing of the electricity generator is the main cause. 
The repeater stations in the inland of Tanzania are mostly affected, because these 
stations depend upon their own power-supplies (mostly there is no main power 
supply available), also these stations are difficult to reach during the rainy season. 
The result from these faults is that telephone traffic from and towards a certain 
region is not possible and affect, therefore, many customers. 
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9. Quality of service measurement results 

9.1 Description and analysis of conneetion establishment results 

The results of the conneetion establishment test are summarized in table 14. 

Table 14. Successful test-calis (%) from the DSM GXSOOO, SXS and C400 
telephone exchanges durlog busy and slack hoor 1

> 

Place to from GX5000 from SXS from C400 
test: 

Time to busy hour slack hour busy hour slack hour busy hour slack hour 
test: 

Test-calis 
to: 

DSM C400 20"/o 0% 20% 0% 

DSM 50% 100% 20% 0% 
GX5000 

DSM SXS 80% 80% 0% 40% 

Kawe C23 100% 100% 0% 0% 

Kijitonyama 60% 20% 20% 20% 
C400 

Kijitonyama 60% 100% 40% 40% 20% 0% 
GX5000 

Msasani 60% 80% 40% 20% 
C23 

Msasani 80% 100% 100% 100% 20% 80% 
GX5000 

Oysterbay 0"/o 100% 20% 60% 
NEAX61E 

Pugu Road 40% 100% 40% 100% 
NEAX61E 

Tabata 
NEAX61E 

Ubungo 0% 0% 40% 40% 
C400 

Ubungo 20% 100% 0% 0"/o 40% 40% 
GX5000 

Average: 43% 83% 50% 55% 22% 30% 

1> Data are obtained from conducted measurements in Telephone House, Dar es 
Salaam, Tanzania. 
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9.1.1 Overall performance of the three telephone exchanges 

Table 14 shows that the number of successful test-calis was low. The average 
percentage of test-calis that was successful ranges from 22% to 83%. Therefore 
17% to 78% of all test-calis was unsuccessful on average. 

9.1.2 Comparison of the performance of the three telephone exchanges 

The number of successful test-calis from the C400 exchange was significant lower 
than the number of successful test-calis from the other exchanges. The number of 
successful test-calis from the GX5000 dropped significantly during the busy hour. 
The comparison of the same destinations from the C400 and the SXS and GX5000 
exchanges shows that the C400 exchange performed poorer than the other 
exchanges. The performance of the SXS and GX5000 telephone exchanges was 
almost the same, apart from the significant difference in the success rate of test
calis to the Kijitonyama GX5000 and Ubungo GX5000 telephone exchanges. The 
success rate to these two destinations was poor for test-calis made from the SXS 
telephone exchange. 

9.1.3 Total and temporary cut off 

Forsome destinations from the three telephone exchanges none of the test-calis 
went through both during slack and busy hours. This was the case for the SXS 
telephone exchange (to the Ubungo GX5000 and the Ubungo C400 telephone 
exchanges) and for the C400 exchange (to the Kawe C23 telephone exchange). 

During busy hours no call went through from the GX5000 telephone exchange to 
Oysterbay telephone exchange (probably because of a temporary transmission fault 
somewhere between DSM GX5000 and the Oysterbay NEAX61E exchange). From 
the C400 telephone exchange no call went through during the busy hour to the 
DSM SXS and Kawe C23 telephone exchanges. 

During slack hours no calls went through from the GX5000 exchange to the DSM 
C400 exchange. From the SXS telephone exchange no test-calis went through to 
the DSM C400 telephone exchange. From the C400 telephone exchange none of 
the test-calis went through to the DSM GX5000 exchange and the Kijitonyama 
GX5000 telephone exchanges. 

9.2 Description and analysis of the dial tone delay measurement results 

The results obtained from the conducted measurements of the dial tone delay will 
be described in the following paragraph. 

9.2.1 Overall performance of the three telephone exchanges 

The overall performance of the telephone exchanges ranged from reasonable to 
good during busy hours. The performance of the three telephone exchanges 
changed dramatically during slack hour, when all exchanges showed no dial tone 
delay. 
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9.2.2 Comparison of the performance of the three telephone exchanges 

The results from the dial tone delay measurements were as follows for the three 
telephone exchanges: 
I. DSM GXSOOO telephone exchange; Of 6% of all test-calls made, the dial tone 

delay exceeded the three second limit during busy hour. During slack hours the 
dial tone delay never exceeded the three second limit. 

2. SXS telephone exchange; during busy hours and slack hours none of the calls 
the dial tone delay exceeded the three second limit. 

3. C400 telephone exchange. In this exchange 8% of the calls exceeded the three 
second limit and none of the test-calls (0%) exceeded this limit during slack 
hours. 

9.3 Description and analysis of the post-dial time delay measurement 
results 

The results obtained from the conducted measurements of the post-dial time delay 
will be described in the following paragraph. 

9.3.1 Overall performance of the three telephone exchanges 

The post-dial time delay of all tested telephone exchanges was considerable. The 
time delay after diaHing can have values ranging from virtual no delay to a time 
delay of more than one minute. Average post-dial time delays ranged from five 
seconds to 21 seconds. The corresponding tables show that for most destinations 
the post-dial time delay was smaller during slack hours than during busy hour. 

9.3.2 Comparison of the performance of the three telephone exchanges 

A considerable difference exists between the length of the post-dial time delay of 
the three exchanges. The SXS telephone exchange performed far better than the 
C400 telephone exchange and the GXSOOO telephone exchange. The post-dial time 
delay of the GXSOOO was during slack hours more than two times as long, while 
during busy hours the time delay was more than four times as long as that of the 
SXS exchange. The post-dial delay of the C400 telephone exchange was about two 
times as long as the post-dial delay of the SXS telephone exchange. Another 
difference in the performance is the change of the post-dial time delay during busy 
hour and during slack hour. Of 86% of all routes of the GXSOOO exchange the 
post-dial time delay decreased, of the SXS exchange on 64% of the routes the 
post-dial time delay decreased or stayed zero and of the C400 exchange 90% of all 
routes tested, showed a decreasing post-dial delay during slack hours. 
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Table 15. Post-dial time delay (s) of test-calis from the GX5000 telephone 
exchange of Dar es Salaam Central Zone 1

> 

Test -ca IJs to: 

DSM C400 

DSM SXS 

Kijitonyama GXSOOO 

Msasani GX5000 

Oysterbay NEAX61E 

Pugu Road NEAX61E 

Average: 

busy hour 

17s 

24s 

3ls 

Ss 

17s 

34s 

2ls 

slack hour 

76s 

lOs 

3s 

4s 

Ss 

3s 

!Ss 

1> Data are obtained from measurements conducted in Telephone House, Dar es 
Salaam, Tanzania. 

Table 16. Post-dial time delay (s) of test-calis from the SXS exchange of 
Dar es Salaam Central Zone 1

> 

Test-caiJs to: 

DSM C400 

DSM GXSOOO 

Kawe C23 

Kijitonyama C400 

Kijitonyama GXSOOO 

Msasani C23 

Msasani GXSOOO 

Pugu Road NEAX61E 

Tabata NEAX61E 

Ubungo C400 

Ubungo GXSOOO 

Average: 

busy hour slack hour 

Ss 0 

0 0 

0 0 

8s 26s 

0 14s 

28s Ss 

6s 0 

0 0 

2s 13s 

lOs lOs 

0 0 

Ss 6s 

•> Data are obtained from the conducted measurements in Telephone House, Dar 
es Salaam, Tanzania. 
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Table 17. Post-dial time delay (s) of test-calis from the C400 exchange of 
Dar es Salaam Central Zone 1

> 

Test -calls to: 

DSM GX5000 

DSM SXS 

Kawe C23 

Kijitonyama C400 

Kijitonyama GX5000 

Msasani C23 

Msasani GX5000 

Oysterbay NEAX61E 

Ubungo C400 

Ubungo GX5000 

Average: 

busy hour 

Ss 

3ls 

Ss 

lls 

lls 

3ls 

7s 

lOs 

Bs 

lOs 

l4s 

slack hour 

7s 

2s 

Is 

lis 

0 

Ss 

6s 

6s 

lOs 

63s 

l2s 

1> Data are obtained from the conducted measurements in Telephone House, Dar 
es Salaam, Tanzania. 

9.4 Description and analysis of the transmission quality measurement 
results 

The results obtained from the conducted measurements of the transmission quality 
will be described in the following paragraph. 

9.4.1 Overall performance of the three telephone exchanges 

In general the measured transmission quality is good. In a few cases, noise, hum, 
cross-talk or a low volume could be heard. This does not meao that the 
transmission quality observed by the customers is good. Paragraph 9.4.3 will 
explain this. 

9.4.2 Comparison of the performance of the three telephone exchanges 

The results from the transmission measurements were as follows for the three 
telephone exchanges: 
1. GXSOOO telephone exchange; Only to DSM C400 and SXS telephone 

exchange there was noise and hum noticeable during resp. one and two of the 
three test-calls. 

2. C400 telephone exchange; During the test-calis to Kawe C23 all two test-calis 
were hampered by low volume. During the four test-calis to Ubungo C400, 
during one call both noise and hum and low volume occurred, and during one 
test-call the volume was low. 
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3. SXS telephone exchange. During the three test-calis toMsasani GX5000 
during two calls both noise and hum and low volume was observed. During the 
three test-calis to the Msasani C23 telephone exchange, during two calls low 
volume occurred. During the three test-calis to Kawe C23, two calls were 
hindered by low volume and one call by both low volume and cross-talk. When 
mak.ing the three test-calis to Kijitonyama C400, there was during one call a 
low volume of the signal. 

F or a few exchanges there was no information about transmission quality because 
during the transmission measurements they could not be reached. From the C400 
telephone exchange the Kijitonyama GX5000 telephone exchange could not be 
reached and from the SXS telephone exchange test-calis for the transmission 
measurements to the Ubungo C400 and Ubungo GX5000 telephone exchange 
failed. 

9.4.3 Measured transmission quality and customer observed transmission 
quality 

The transmission measurements give only information about the transmission 
quality between the telephone exchanges. It is a fair assumption that in the extemal 
Iine plant a considerable deterioration of the telephone signal quality takes place. 
The condition of the extemal line plant is a factor that probably determines the 
transmission quality offered to the telephone customers. This factor is not taken 
into account in the measurements. The customer observed transmission quality is, 
therefore, probably for many customers much worse than the measurement results 
suggest. (In the case of a long distance telephone call the transmission quality will 
be fluther deteriorated by the condition of the long distance transmission network.) 

84 



10. Conneetion establishment performance of digital telephone exchanges in Dar es Salaam 

10.1 Description and analysis of data from digital exchanges 
10.2 Conneetion establishment performance of NEAX61E digital telephone exchanges 

10.2.1 Calculated blocking probability on tronk groups 
10.2.2 Unsuccessful tronk hunts 
10.2.3 Occupancy of trunks 
10.2.4 Answer to seizure rate of originating calls 
10.2.5 Answer to seizure rate of incoming calls 
10.2.6 Dial tone delay 
10.2.7 Common control equipment delay 
10.2.8 Seizures per circuit per hour and average holding time per seizure 

10.3 Conneetion establishment performance of GX5000 digital telephone exchanges 
10.3.1 Calculated blocking probability on trunk groups 
10.3.2 Unsuccessful call attempts 
10.3.3 Occupancy of trunks 
10.3.4 Seizures per circuit per hour and average holding time 



Research results: Conneetion establishment performance of digital telephone exchanges 

10. Conneetion establishment performance of digital telephone exchanges 
in Dar es Salaam 

10.1 Description and analysis of data from digital exchanges 

The data from the two types of digital exchanges, NEAX61E and GXSOOO, of Dar 
es Salaam cao be found in Appendix 8 and 9. Appendix 7 gives information on the 
available data in the traffic data outputs of the NEAX61E telephone exchanges. 
The data give information about the performance of the exchanges and about the 
performance on specific trunk groups. Appendix 10 gives information about the 
performance of the International Telephone Exchange (ITE). 

10.2 Conneetion establishment performance of NEAX61E digital telephone 
exchanges 

The traffic data output that was obtained from the four NEAX61E digital telephone 
exchanges gives elaborate information about conneetion establishment. 
The following four NEAX61E telephone exchanges have been included: 
- Oysterbay; 
- Pugu Raad; 
- Tabata; 
- Wageni. 
These four exchanges are all NEAX61 E telephone exchanges that are located in 
Dar es Salaam. 

From the traffic data outputs the following information cao be deducted: 
1. calculated bloeidog probability on tronk groups; Blocking occurs if there is 

oot enough capacity (for example, trunk capacity) in the telephone network to 
handle a telephone call. The Erlang-I blocking distribution gives the blocking 
probability for a given telephone traffic and available number of trunk lines. 

2. onsoccessfol tronk bonts; A busy trunk is a trunk that is in use for a 
telephone call. If all trunks are busy and a new telephone call attempt is made, 
this last attempt is blocked. If a costomer makes a call attempt, the telephone 
exchange examines all trunks of a trunk group in search of an idle trunk. This 
action is called a trunk hunt. The telephone exchange monitors the number of 
successful and unsuccessful trunk hunts. 

3. occopancy of tronks; The occupancy of the trunks is the part of the traffic 
handling capacity that is actually used for facilitating telephone calls. 

4. answer to seizore rate (ASR) of originating call attempts; The answer to 
seizure rate is the percentage of call attempts or seizures that results in an 
answer by the called person. The originating calls from an exchange are calls 
from customers that are connected to that exchange. 

5. answer to seizore rate (ASR) of incoming call attempts; The answer to 
seizure rate is the percentage of call attempts or seizures that results in an 
answer by the called person. Iocoming calls are calls originating from another 
exchange. 

6. dial tone delay; The dial tone delay is the time between lifting of the receiver 
and the occurrence of the dial tone. 

7. common control eqoipment delay; Iocoming register (IR) delay and sender 
time outs for bath dial pulse and multi-frequency tone signals; Camman control 
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equipment is commonly used for the facilitating of all telephone calls. In the 
case of high traffic loads and, especially in the case of congestion (severe 
blocking in parts of the telephone network), common control equipment can 
aggravate the blocking. This situation can be recognised by large time delays 
on accessing these parts. 

8. number of seizures per circuit per hour (SCH) and average holding time 
per seizure (HT). A circuit is the same as a trunk. The number of seizures per 
circuit per hour and the average holding time can both indicate the 
effectiveness of the telephone traffic. 

10.2.1 Calculated blocking probability on tronk groups 

From the calculated Erlang-I blocking probability on the trunk groups (Appendix 
8), it can be concluded that blocking occurs on trunks to and from the Oysterbay 
and Pugu road NEAX61 E telephone exchanges. On the next trunk groups the 
blocking probability is 1% or higher: 

Oysterbay: 
outgoing trunk groups: 
- Central GXSOOO exchange (1%); 
- 99XO (Customer information number) (7%); 
incoming trunk groups: 
- Automatic manual board (AMB) (1 %); 
- C400 STD (S%); 
- Central GXSOOO exchange (S%); 
- International telephone exchange (ITE) (1S%). 

Pugu road: 
outgoing groups: 
-CS (3%); 
- C400 LOC (6%); 
- C400 STD (7%); 
- Central GXSOOO (14%); 
- sxs (3%); 
incoming trunk groups: 
-CS (10%); 
- Central GXSOOO (19%). 

Blocking probabilities for outgoing and incoming trunk groups from/to Tabata and 
Wageni NEAX61E telephone exchanges are all smalland can be neglected. 

10.2.2 Unsuccessful tronk hunts 

The percentage of unsuccessful trunk hunts is the percentage of trunk hunts that 
encounters all trunks busy. The percentage of unsuccessful trunk hunts can indicate 
whether the capacity of transmission lines is sufficient or not. The Oysterbay and 
the Pugu road telephone exchanges have some trunk groups with many 
unsuccessful trunk hunts. From Oysterbay to 99XO, and to a smaller degree the 
trunks to the Dar es Salaam GXSOOO exchange and 9000 show an high percentage 
of unsuccessful trunk hunts. From the Pugu Road telephone exchange the trunk 

88 



Research results: Conneetion establishment performance of digital telephone exchanges 

hunts on the trunk groups to the DSM Central GX5000 (46%), C400 STD (23%), 
C400 loc (20%), SXS (18%) and CS (7%) telephone exchanges are often 
unsuccessful. (The figures within brackets represent the percentage of unsuccessful 
trunk hunts to that particular telephone exchange.) The percentage of unsuccessful 
trunks hunts to the GX5000 telephone exchange is on average 46%, and can 
occasional be as high as 56%. The percentage of unsuccessful trunk hunts of all 
trunk groups shows a similarity with the calculated Erlang-I blocking probability, 
but is much higher at the same time. See Appendix 8 for further details. In 
Appendix 8, a comparison is made between admitted blocking probabilities, Grade 
of Service (GOS) and occurring blocking probabilities. The admitted blocking 
probability of call attempts can have two different Grade of Service values, 
depending on the type of trunk group. There are High U sage (HU) trunk groups, 
which have an admitted blocking of 20% and Final Route (FR) trunk groups, 
which have an admitted blocking probability of 1%. The following outgoing trunk 
groups show more blocking than is indicated by the assigned Grade of Service: 

Oysterbay: 
- 99XO (31% blocking probability and only 1% is admitted). 

Pugu road: 
- C400 STD (23% blocking probability and 1% admitted); 
- DSM Central (46% blocking probability, 20% admitted). 

Tabata and Wageni: 
None of the outgoing trunk groups from the Tabata and Wageni telephone 
exchanges have a blocking probability exceeding the admitted Grade of Service. 

10.2.3 Occupancy of trunks 

The usage of the trunks can he assessed by looking at the occupancy of the 
available trunks. The occupancy can he calculated by comparing the maximum 
traffic handling capability and the handled traffic [7]. The comparison of the 
occupancy and percentage of unsuccessful trunk hunts can give some information 
about faults in the telephone network. If the trunk hunting is very unsuccessful and 
the occupancy is low, probably there is a fault in the transmission. For example, a 
number of lines has been cut or there are faults in the transmission equipment in 
one of the two terminating exchanges of the trunk group. Th is situation can be 
seen in the outgoing trunk group from the Oysterbay exchange to 99XO (the 
customer service number of TTCL). 

10.2.4 Answer to seizure rate (ASR) of originating eaUs 

The average answer to seizure rate of call attempts for the four NEAX61E is about 
15%. This rate is very low: less than one on six or seven seizures is successful. 
The most important reasons for unsuccessful call attempts: 

Oysterbay: 
- transmission faults ( occurrence of permanent signals, i.e. short circuits or 

ground faults) (30%); 
- call abandoned faults ( 40% ); 
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- called subscriber busy (less than 1 0% ). 

Pugu road: 
- transmission faults (30%); 
- partial dialied number (10%); 
- called subscriber busy (less than 5% ). 

Tabata: 
- transmission faults (25%); 
- partial dialied number (10%). 

Wageni: 
- transmission faults (25% ); 
- partial dialied number (10%). 

On average the answer to seizure rate of local calls is about twice as high as that 
for trunk calls. 

10.2.5 Answer to seizure rate of incoming call attempts 

The average answer to seizure rate of incoming call attempts is higher than for 
outgoing call attempts. lt is easier to make telephone calls to than from a NEAX 
telephone exchange. The success rate is about 50%. The most important reasoos 
for unsuccessful incoming calls are: 

Oysterbay: 
- called subscriber busy ( 15% ); 
- calls to disconnected, changedor unassigned number (15%); 

Pugu road: 
- called subscriber busy (10% of all incoming calls and 15% of terminating 

calls ). The Pugu road telephone exchange handles in addition to terminating 
calls also tandem calls for the Tabata and Wageni NEAX exchanges. 

Tabata: 
- transmission faults (10%); 
- subscriber busy (15% ). 

Wagen i: 
- subscriber busy (35%). 

The transmission faults occurring during the incoming call attempts of the Tabata 
exchange mentioned in the above are faults in extemal line plant. 

10.2.6 Dial tone delay 

Except for the Pugu road exchange, none of the NEAX exchanges has a dia! tone 
delay longer than one second for both dia! pulse and multi-frequency tone 
telephones. One traffic report of the Pugu road telephone exchange shows that one 
of the two dial pulse delay tests gives a delay of one to three seconds. 
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10.2.7 Common control equipment delay 

The incoming register is the place where the wanted number information is kept, 
while the telephone exchange tries to establish the conneetion to the customer. This 
conneetion can be the extemal line plant conneetion or a trunk to another telephone 
exchange. A sender time out is the situation when a request to another telephone 
exchange is not answered within a certain time limit. Ineffective telephone traffic 
causes many unsuccessful telephone eaUs. People will redial many times when a 
telephone eaU is unsuccessful. Many short eaU attempts can result in overload of 
common control equipment (equipment of the exchange that is commonly used for 
the processing of all eaU attempts) of the telephone exchanges, which means that 
waiting times for processing of eaUs will increase rapidly and deteriorate the 
efficiency of telephone traffic even more. The delays measured on incoming 
register delays and the number of sender time outs are a measure to assess the 
overload of common control equipment. 

Oysterbay: 
- incoming register (IR) delays: one percent of dial pulse test-runs for IR delay 

result in a delay exceeding the one second time limit. For multi-frequency tone 
signals the delay exceeds in four percent of the test-runs the one second time 
limit. 

- sender time outs: no time outs were registered for dial pulse outgoing senders. 
The number of outgoing sender time outs for multi-frequency tone senders was 
on average 40. This is about two percent of all outgoing eaU attempts. 

Pugu road: 
- incoming register (IR) delays: two percent of test-runs for IR delays on dial 

pulse signals was longer than one second and five percent of multi-frequency 
tone signals showed an IR delay exceeding one second. 

- sender time outs: no time outs were measured on the outgoing senders. While 
on average 297 sender time outs occurred. This equals about two percent of all 
outgoing eaU attempts. 

Tabata: 
- incoming register (IR) delays: no delays occurred for both dial pulse and 

multi-frequency tone signals. 
- sender time outs: on average 22 time outs occurred on the dial pulse outgoing 

sender. Less than one percent of all outgoing call attempts suffers from 
outgoing sender time outs. 

Wageni: 
- incoming register (IR) delays: only multi-frequency tone signals show in one 

percent of all test-runs delays exceeding the one minute limit. 
- sender time outs: sender time outs occurred on average 112 times. This is 

about five percent of all outgoing eaU attempts. 

10.2.8 Seizures per circuit per hoor and average holding time per seizure 

The number of seizures per circuit per hour is a measure of the ability to seize an 
idle circuit in a trunk group. lt has been found that a range in SCH of between 6 
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and 14 for one way trunk groups is usually an indication of effective traffic flow. 
The average holding time per seizure per circuit is closely related to the SCH 
measure and an average HT of between 4.5 and 10 minutes is an indication of 
effective traffic flow [7]. The traffic data outputs from the NEAX61 E telephone 
exchanges show the following results for SCH (and HT). 

Oysterbay: 
- 3 8% of the outgoing trunk groups the SCH is not between 6 and 14 seizures per 

circuit per hour. (This means that the same percentage of outgoing trunk groups 
have an average HT outside the range of 4.5 and 10 minutes); 

- 22% of the incoming trunk groups the SCH is not between 6 and 14 seizures per 
circuit per hour. 

Pugu road: 
- 22% of the outgoing trunk groups the SCH is not between 6 and 14 seizures per 

circuit per hour; 
- 22% of the incoming trunk groups the SCH is not between 6 and 14 seizures per 

circuit per hour. 

Tabata: 
- the only trunk group outgoing from the Tabata NEAX61E exchange had a SCH 

not between 6 and 14 seizures per circuit per hour; 
- the incoming trunk group from Pugu road had a SCH between 6 and 14 seizures 

per circuit per hour. 

Wagen i: 
- the outgoing trunk group from the Wageni NEAX61E exchange had a SCH value 

not between 6 and 14 seizures per circuit per hour; 
- the incoming trunk group from the Pugu road telephone exchange had a SCH not 

between 6 and 14 seizures per circuit per hour. 

10.3 Conneetion establishment performance of GXSOOO digital telephone 
exchanges 

From the following GX5000 digital telephone exchanges data have been included 
in the analysis: 
- Dar es Salaam Centra(; 
- Dar es Salaam Transit; 
- Kij itonyama; 
- Kurasini; 
- Msasani; 
- Ubungo. 
These GX5000 telephone exchanges are all GX5000 exchanges located in Dar es 
Salaam. 

From the traffic data outputs the following information can be deducted: 
1. blocking probability on tronk groups; Blocking occurs when the full capacity 

of telephone network is used and a telephone customer makes a call attempt. In 
this case the call attempt is blocked, because there is no capacity to handle this 
telephone call. The probability that a customer encounters this situation can be 
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calculated using the Erlang-I blocking distribution. 
2. unsuccessful call attempts; The telephone exchange monitors the number of 

successful and busy call attempts. The busy call attempts are call attempts that 
have encountered blocking somewhere in the telephone netwerk. 

3. occupancy of tronk groups; The trunk groups have a eertaio telephone traftic 
capacity. The part of the capacity that is used, is called the occupancy. 

4. number of seizures per circuit per hoor (SCH) and average holding time 
(HT) of seizures. A circuit is the same as a trunk. The number of seizures per 
circuit per hour and the average holding time can both indicate the 

effectiveness of the telephone traftic. 

More in formation can be found in Appendix 9. In the next paragraph the 
performance information obtained from the GXSOOO telephone exchanges will be 
described and analysed. 

10.3.1 Calculated blocking probability on tronk groups 

The blocking probability on trunk groups has been calculated using the Erlang-I 
blocking probability distribution. The following trunk groups show considerable 
blocking according to the number of trunks available and traffic usage. The 
following trunk groups have a blocking probability higher than 1%: 

DSM Centra!: 
outgoing: 
- DSM SXS (6%); 
-CS (8%). 
incoming: 
none of the trunk groups have a blocking probability higher than 1%. 

DSM Transit: 
outgoing: 
- C400 loc 1 (2% ); 
- DSM Central (2%); 
- Kijitonyama (8%); 
- Oysterbay (2% ); 
- Pugu road (20% ). 
incoming: 
- ITE (6%); 
- Kurasini (3%); 
- Pugu road ( 10% ). 

Kij itonyama: 
outgoing: 
- DSM C400 (2% ); 
- C400 STD (4%). 

incoming: 
none of the incoming trunk groups have a blocking probability higher than 1%. 
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Kurasini: 
None of the outgoing and incoming trunk groups show a blocking probability 
higher than 1%. 

Msasani: 
None of the outgoing and incoming trunk groups show a blocking probability 
higher than 1%. 

Ubungo: 
outgoing: 
- C400 STD (9%); 
- ITE (2%). 

incoming: 
none of the incoming trunk groups show a blocking probability higher than 1%. 

10.3.2 Unsuccessful call attempts 

If a call was not able to seize a trunk due to a busy condition, it is called a busy 
peg. The number of busy pegs compared with the total number of call attempts, 
gives a measure of the blockage encountered in the trunk groups. Only the 
outgoing call attempts can be monitored in the GXSOOO exchanges for busy 
conditions. All incoming call attempts were successful in seizing an idle trunk. The 
traffic reports show that busy conditions occur in a large part of the outgoing trunk 
groups. The most extreme blocking occurs on the following outgoing trunk groups 
from the GXSOOO telephone exchanges: 

DSM Central (total 3 outgoing trunk groups considered): 
- DSM SXS (29% of pegs is busy and 20% is admitted); 
- CS ( 15% of pegs is busy and 1% admitted). 

DSM Transit (total 11 outgoing trunk groups considered): 
- C400 loci (67% of pegsis busy and 20% admitted); 
- DSM Central (3 8% of pegs is busy and 1% admitted); 
- ITE (13% of pegs is busy and 1% admitted); 
- Kijitonyama (30% of pegs is busy and 1% admitted); 
- Kurasini (75% of pegs is busy and 1% is admitted); 
- Msasani (23% of pegs is busy and 1% admitted); 
- Pugu road (78% of pegs is busy and 20% is admitted); 
- Ubungo ( 43% of pegs is busy and 1% admitted). 

Kijitonyama (total 4 outgoing trunk groups considered): 
- DSM C400 (39% of pegs is busy and 1% is admitted); 
- DSM GX (8% of pegs is busy and 1% is admitted); 
- DSM C400 STD (13% of the pegs is busy and only 1% is admitted); 
- Kijitonyama C400 (2% of pegs is busy and 1% admitted). 

Kurasini (total 3 outgoing trunk groups considered): 
- GX Transit ( 45% of pegs is busy and 1% is admitted). 
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Msasani (total 5 outgoing trunk groups considered): 
- DSM C400 STD (3% of pegs is busy and l% is admitted). 

Ubungo (total 5 outgoing trunk groups considered): 
- DSM C400 STD (15% of pegs is busy and l% is admitted); 
- Ubungo C400 (6% of pegs is busy and I% is admitted). 

In the above sommation of encountered busy conditions in the outgoing trunk 
groups, in brackets the percentage of busy pegs is stated and the maximum 
admitted blockage (also called Grade of Service (GOS)) as well. The Grade of 
Service can have two values, depending on the type of trunk group. High U sage 
(HU) trunk groups have a maximum admitted blocking of 20% and Final Route 
(FR) trunk groups have a maximum admitted blocking of I%. 

10.3.3 Occupancy of trunks 

The occupancy of the circuits is the part of the time a circuit is used by telephone 
traftic. If the occupancy is high the blocking probability will be high also and vice 
versa. In practice there has to be a compromise between high occupancy (positive) 
and high blocking probability (negative). Occupancy of trunk groups ranges from 
very high values (96%) from DSM Transit GX5000 to Pugu road NEAX61E 
exchange to low values (9%) from Msasani GX5000 to SXS exchange. 

10.3.4 Seizures per circuit per hour aod average holding time 

The number of seizures per circuit per hour (SCH) is a measure that gives an 
indication ofthe effectiveness ofthe traffic flow. SCH values ranging from 6 to I4 
indicate an effective traffic flow. A similar measure is the (average) holding time 
(HT). Values ranging from 4.5 to IO indicate an effective traffic flow. 

DSM Central: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and I4. All outgoing trunk groups have HT values of around one 
minute. 
One of the four incoming trunk groups bas a SCH value between 6 and 14 and 
also one of four incoming trunk groups bas a HT of between 4.5 and 10 minutes. 

DSM Transit: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and I4. All outgoing trunk groups have HT values ranging of one to 
four minutes. 
None of the incoming trunk groups had a SCH or HT value that indicates effective 
traffic flow. 

Kijitonyama: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and I4. All outgoing trunk groups have HT values of around two 
minutes. One of three incoming trunk groups had a good SCH value and two HT 
values were indicating effective traffic flow. 

95 



Research results: Conneetion establishment performance of digital telephone exchanges 

Kurasini: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and 14. All outgoing trunk groups have HT values of around two 
minutes. None of the SCH values was between 6 and 14 and only one of the three 
incoming trunk groups was indicating effective traffic flow. 

Msasani: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and 14. All outgoing trunk groups have HT values of around three and 
four minutes. For both SCH and HT, three of five incoming trunk groups indicate 
effective traffic flow. 

Ubungo: 
None of the outgoing trunk groups from this exchange have SCH values ranging 
between 6 and 14. All outgoing trunk groups have HT values of around two and 
three minutes. The SCH measure indicates four out of six incoming trunk groups 
to be effective, while the HT measure indicates two of the six trunk groups to be 
satisfactorily. 
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11. Billing service 

TTCL has problems to get revenues from the customers for offered services. The 
billing process is inadequate to produce correct and in time bills. The billing 
process gives in more than 80% of the produced bills errors, not only because 
there are serious delays in handling of payment and customer information, but also 
because the production of bills gives errors that are difficult to detect. The result is 
that there is a delay of two or more months in billing and a delay of two or more 
months between the time the customer pays and receives a bill that shows this 
payment. Therefore, a customer receives at least one bill which does not show his 
payment. This is very frustrating for the customer and discourages him to pay his 
bill in time. lt is assumed that almost every customer is dissatisfied by the billing 
service of TTCL. 

11.1 The different parts of the billing system 

The billing system consists of the following parts: 
1. customer information collection part (service order - billing interface); 
2. call collection part; 
3. bill calculation; 
4. bill printout and distribution; 
5. payment handling. 
Figure 18 gives an overview of the parts of the billing system. 

Service Order Chain 

N 
E 
T 
w Billing Chain 
0 Cuslomer 

lnfonnalion 
R Colledion 

! K Cuslomer 

Cal Bil Bil Printout ;t.:; Payment 
collec:tion ~ calculation r. and 

distribution Handling 

+ I 

Figure 18. Overview of the billing system of TICL 

The following paragraphs will describe the different parts and give an overview of 
problems in these parts. 
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11.2 Customer Information Collection (Service Order - Billing 
Interface) 

The Service Order - Billing interface consistsof two parts: 
- the custorner information collection, the collection of information about 

customers (partly in sales offices, custorner centres, Directorate Information 
Services and Finance departrnent); 

- the Service Order Chain, the part of TTCL which collects information about the 
custorners (sales offices, custorner eentres and counters) 

The information about the custorner is collected in the Custorner Information 
Collection and is obtained frorn the Service Order Chain. Many probieros of the 
billing systern are caused by the Service Order Chain, because erroneous 
information frorn the Service Order Chain is used for the bill processing. 

The sales and custorner function of the TTCL are performed by the sales offices 
and customer eentres located in Dar es Salaarn and in the regions scattered 
throughout Tanzania. 

11.2.1 Application for new provision 

In rnany cases the application for a telephone conneetion is the first contact of the 
custorner with TTCL. When a custorner wants a telephone conneetion he has to 
follow the following procedure. 

1. The custorner has to fill in the application form in the sales office. 
2. A survey form is filled in and past to the Record and Routing Officer assigned 

to the exchange that serves the area where the custorner is living. 
3. The Record and Routing Officer checks if the custorner can be provided with 

the service i.e. if there is exchange capacity, a connecting cable frorn exchange 
to cabinet or Distribution Point and room in the Distribution Point and 
cabinet to provide the service to the custorner. He Iocates one cable pair for 
connecting the custorner frorn exchange to Distribution Point. 

4. The Record and Routing Officer sends the confirmation to the Survey Officer 
accornpanied with the cable Iocation. 

5. A technician tests the connecting cable pair. The result is send to the R&RO, 
who dec i des if the service will be provided or if the custorner will be put on 
the waiting list. 

6. The custorner is informed by Ietter if he gets the service or is put on the 
waiting list. 

7. If the custorner accepts the service, he has to pay the deposit at the sales office. 
8. If the deposit and conneetion charges are paid, there is an Advice Note issued 

and copies send to: 
- technician of Installation and Maintenance Office; 
- the exchange; 
- the Data Control section of Directorate Information Services; 
- the custorner file in the sales office when the service has been provided; 
- the finance department 
A technician provides the service to the customer. 
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Other service orders are: 
- cease and recovery; 
- external removal; 
- change of number; 
- change of address; 
- change of renter; 
- internat removal. 
These service orders will not be elaborated. 

11.2.2 Colleefion of customer information 

Research results: Billing service quality 

The collection of customer information from customers throughout Tanzania is 
done in the Directorate Information Services of TTCL in Posta House. The 
sections concerned with control, punching and verification of the service order data 
(typically Advice Notes, ANs), are 
- the Data Control section; 
- the Data Entry section; 
- the Computer Operations section. 

11.2.2.1 Data Control Section 

The Data Control section handles all incoming service order information. The 
personnet from Data Control have to assure that the information can be processed 
further, to prepare the punching and to verify the printouts of the punched files. 
Advice notes for the Dar es Salaam zones are punched locally. 

11.2.2.2 Data Entry Section 

The Data Entry section deals with the punching of the ad vice notes. When all 
punched files are checked by the Data Control section, the files are ready to be 
used in the Bill calculation. 

11.2.2.3 Data Operations Section 

The Data Operations section takes care of the processing of the customer 
information. This takes into account some editing, checking, sorting and other 
tasks. The processing of national and international calls is done in separate 
computerprograms. 

11.2.3 Problems in the Service Order Chain and the Customer lnformation 
Colleefion 

Problems in the Service Order Chain and the Customer Information Collection: 
- a lack of telephone lines; 
- a lack of transport for TTCL personnel; 
- a lack of material for provision of new lines and for clearing of faults; 
- a time-delay between information being available in different parts of the 

TTCL organisation, for example information about paying of the hili is not 
in time in the sales office resulting in the telephone being disconnected. 
The time-delay between the moment a customer applies for a telephone and when 
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he is billed for the first time is at minimum 3 months. 
- no checking that changes in the customer information is also supplied to the 

billing system. Therefore information in the Iocal customer eentres and the 
billing system might differ, causing uncertainty and extra time delays in billing, 
etc. 

11.3 Call collection 

This parts contains the two following functions: 
- collecting of usage information from the exchanges; 
- conversion of the usage information into computer usage files. 

11.3.1 Gatbering of usage information 

In the telephone exchanges equipment is available to measure the telephone usage 
of the customer. TTCL differentiates between four types of exchanges: 
1. manual exchanges; 
2. analog exchanges; 
3. digital national exchanges; 
4. digital international exchange. 
Furthermore, there are some transit exchanges that are not used for billing 
purposes. The digital and analog exchanges have different means of measuring the 
customer telephone usage. 

11.3.1.1 Manual exchanges 

There are 172 manual exchanges operator controlled, in which for every call a 
ticket is produced by the operator. The tickets are summarized on a tickets form, 
which is send to the Directorate Information Services by mail. 

11.3.1.2 Analog exchanges 

The analog exchanges have meters connected to every connected subscriber line 
(ELC). The meters are mounted in a rack. Once every month all the meters are 
photographed and the pbotos are send by mail to the Pubtic Relations office in Dar 
es Salaarn, where they are processed and checked for readability. After this, the 
pictures are brought to the Data Control Section of the Directorate of Information 
Services. This department prepares the meter readings for punching. 

11.3.1.3 Digital exchanges 

The national and international digital exchanges give information about customer 
usage on tape, floppy diskettes or printouts. The tapes are transported to the Data 
Operations Section of Directorate Information Services for processing. The 
printouts are send to the Data Control Section of Directorate Information Services 
and are sometimes accompanied by floppy diskettes. 
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11.3.2 Call processing 

All usage inforrnation has to he processed in order to he used in the hili 
calculation, i.e. it has to he entered into computer usage files. 
There are five different types of usage inforrnation, i.e.: 
- photo meter readings; 
- trunk tickets; 
- printouts ( + diskettes); 
- handwritten meters; 
-tapes. 

11.3.2.1 Data Control Section 

All inforrnation is handled by the Data Control Section. Here the inforrnation is 
prepared for punching in the Data Entry Section and the printouts from the 
punched files are verified. The tapes are registrated and send to the Computer 
Operations Section. 

11.3.2.2 Data Entry Section 

In this section the prepared usage inforrnation is entered into the computer and 
corrections of checked computer printouts are made. When all computer files have 
been checked they are send to the Computer Operations Section. 

11.3.2.3 Computer Operations Section 

The Computer Operations Section perforrns some editing, checking, sorting and 
other tasks by using computer programs. 
In this phase of the call processing there are three different computer files with 
usage inforrnation: 
- dornestic usage file; 
- international operator calls; 
- international automatic calls. 
The dornestic and international usage inforrnation is processed in two different 
computer programs. In first program the usage files are checked with the exchange 
files whether the telephone number is existing or not. In second program the 
international usage files (on tape) are converted to files that can he used by the 
first program. The automatic and operator call inforrnation is merged and incoming 
call inforrnation is removed from the files. This transformation results in a call file. 
This file is sorted according to telephone number and date. 

11.3.3 Problems in the call coneetion part 

The main problems in the call collection part are the following: 
- a time delay of one to two weeks between the recording of the usage in the 

exchange and the time the usage inforrnation is ready for hili production. 
- no control that the usage in the exchange is accounted for by the amount of the 

hili. 
- many ways in which the usage data can he altered. For example, data may he 

erased when dumped to tape in the exchange, meters may he changed, meters 
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may be defective, etc. 
- delays in the data entry because of errors and unreadable usage information. The 

control procedures are time consuming because it takes long to perform this 
procedure with the exchanges or departments far away in the regions. 

11.4 Bill calculation 

In the bill calculation part the bill is calculated from the usage files. As in the Call 
collection part there are two different systems for calculation of bills for dornestic 
and international traffic. The pricing mechanism is fixed in the programs and can 
not be changed easily. The bill calculation is totally automated. 

11.4.1 Problems with the BiJl calculation 

1. The computer system is very inflexible, changes are difficult, time consuming, 
and errorprone, because of: 
- inflexible datastructures and data storing capabilities. 

The system is built from a number of sequentia! programs, which produce 
sequentia! files; 

- price information, such as tariffs, taxes etc. is programmed in the 
program and is not accessible without changing the program code; 

- the program has no functional structure, different functions are mixed and 
combined in the same program; 

- the program itself is not programmed using the good programming rules; 
Several Cobol verbs and statements have been used, which are not 
recommended for use. 

- no Cobol variabie declaration libraries have been used, which means that 
changes to variables can not be done in one place, but have to be done every 
where in the system where the variabie is used. 

2. inflexible pricing mechanisms; There are no possibilities for offering different 
prices to specific customers. 

3. no possibility to produce a single bill for several services (e.g. telephone and 
telex); 

4. billing and customer information is not available on-line, but a special program 
has to be made to get the information. 

11.5 Bill printout and distribution 

11.5.1 Bill formatting 

The format of the bill is made in the Computer Operations Section. There are two 
different systems to make the format one for dornestic telephone bills and one for 
international telephone bills. These formats for the bill lay-out are fixed in the 
program. There are no possibilities for customers to choose the format for the bill. 
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11.5.2 Bill printout 

The bills are printed by the Computer Operations Section. The section has two 
Wang printers to perform this task. The international and the dornestic bills are 
printed separately. The bills for international calls (42,000 bills) contain infor
mation about the previous month and the bills for dornestic calls (85,000) contain 
information about usage of two months ago. The printing of the international bills 
takes 48 to 72 hours and the printing of the bills for dornestic calls 24 hours. 
When all bills are printed, they are delivered to the Finance department 

11.5.3 Sorting and folding of bills 

The Finance department sorts and folds the bills for dornestic and international 
telephone use. On this job about forty employees are working during two working 
days. The sorting is done by the exchanges and regions. There are three copies of 
every bill. The first copy is delivered to the customer, the second copy is kept by 
the Account department of the region or zone responsible for the customer and the 
third copy is kept at the Finance department 

11.5.4 Distribution of bills 

The Finance department takes care of the distribution of the bills. Some High 
Revenue Generating Customers (HRGCs) get their bill delivered at their office by 
TTCL employees. All other bills are brought to the central post-office of Dar es 
Salaam. The regions are responsible to control, confirm and distribute the bills 
locally. The bills are send by mail ordelivered at the office or at home. 

11.5.5 Problems with Bill printout and Distribution 

- Changes in the bill layout or distribution are very difficult to accomplish; 
- limited possibilities to use the bills for marketing purposes; The bill will be read 

by every customer and is, therefore, a very good means to communicate with the 
customer. 

- delays because of breakdown of the printers or the carbon removing machine; 
Delays account for one day, approximately four times a year. 

- time-delay of at least two days between bill printout and distribution; 
- the post service has caused several times long delays in the distribution of bills. 

Missorting of bills will cause a long delay in distribution time. 

11.6 Payment handling 

11.6.1 Collection of payments from the customer 

Most customers pay at the counters of the regionat finance office. Customers 
holding a composite account in Dar es Salaam have to pay their bill directly to the 
Finance department in Posta House. The first receipt is kept by the finance 
department in Dar es Salaam, the second copy is given to the customer and the 
third is kept by the local finance office. The regions make summaries of receipts. 
The Dar es Salaam South and Central zone punch their receipts themselves. The 
Dar es Salaam North zone has also begun doing this. 
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11.6.2 Complaint handling 

When a customer has a complaint about the bill, the payment may be delayed. It 
depends on the complaint if a investigation is necessary or if it can be solved at 
once. If a investigation is necessary, the customer is asked to pay the calls he 
accepts, while the investigation is pending. The regions give some customers the 
opportunity to pay the bill in parts. In that case the customer has to sign an 
agreement. 

11.6.3 Transportation of receipts 

The first copy of the receipt and the counterfoil are sent to the central finance 
department in Dar es Salaam. The Dar es Salaam South and Central zones send the 
tapes to the headquarters by car. The rest of the country send their receipt to Dar 
es Salaam by mail. lt takes on average one week from the time the payment is 
received at the counter until the receipt reaches the Finance department. 

11.6.4 Collection and checking of payments 

The Finance department is responsible for collecting and checking the receipts 
from the regions and the zones. The receipts are checked against the summaries, 
the punching schedules are prepared and send to the Directorate Information 
Services. This takes about two days. 

If the payments are rejected in the data control, data entry or computer processing, 
the Finance department will investigate, correct and send the adjustments back to 
the data entry. 

11.6.5 Data control and entry 

The Directorate Information Services receives the punching schedules and tapes 
from the Finance department The data are controlled and sent further to the data 
entry. 

11.6.6 Payment collection 

The Computer Operation Section is responsible for the handling of the computer 
files containing the payment information. On these files some editing, checking, 
sorting and other tasks are performed by computer programs. Both customer 
information and payment information files are used for this process. 

11.6.7 Problems with the payment handling 

1. Delays in payment because of complaints. The following complaints are most 
frequent: 
- the bill does not reflect the latest information about the payments made by the 

customer; 
- the bill contains conneetion charges the customer has already paid; 
- the customer disputes he has made calls listed on the bill (mostly international 

calls). 
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2. delays in payment because of errors in the information input to the billing 
system (e.g. punching errors, unreadable text, etc.). Bath the Finance 
department and the Directorate Information Services spend a lot of resources 
and time detecting and correcting errors. 

3. delays in payments because of problems with the identification of customers. 
The present identification of the customer is the telephone number. In case of 
dis- or reconnection, change of owner, etc., payments are aften rejected. 

4. the post service gives delays in the post service. Sametimes it takes more than 
a week befare receipts, counterfoils, etc. send by the regions, reach the Finance 
department 

5. possibilities for error and fraud. Bath deliberate and undeliberate mistakes are 
possible, because of the many errors possible in the payment handling system. 

6. more than 80% of the bills is incorrect. This leads to a huge amount of 
complaints, resulting in much time and manpower necessary to find and correct 
the errors. 

7. inaccessibility of information in the computer system. It is very difficult to 
check if a customer has paid or not. Also information of payments is 
sametimes too late, or not at all, available in the concemed sales office, 
resulting in disconnection of the telephone line. 
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12. Customer service organisation of TTCL 

The customer service organisation contains two parts: 
- fault reporting and fault clearing services; 
- other customer services. 
The last part consists of all other customer services, i.e. information, provision of 
new services etc. These two parts will be described in detail in the next 
paragrap hs. 

12.1 Fault reporting of telephone costomers of TTCL 

Faults occur often in the telephone network of TTCL. lt is difficult to reach eertaio 
numbers in Tanzania or even local numbers. But worse situations occur, many 
customers are not able to use their telephone due to faults in the network. Faults 
can occur in the following parts of the customer lines: 
- customer apparatus and wiring; 
- extemal line plant wiring; 
- MDF wiring; 
- customer exchange equipment parts. 
Besides these faults, sometimes telephones are disconnected (often unjustly) 
because of the bad billing service. When a telephone fault is reported, the first 
thing that is checked is if the telephone has been disconnected due to a billing 
error or non-payment of the telephone bill. If this is not the case, there is 
obviously a fault. To report his not working telephone, the customer of TTCL can 
go to different places. In the following paragraphs these places will be described. 

12.1.1 Fault reporting number 

The 997 number is the fault reporting number of TTCL. In general, the operators 
of these 997 numbers can tell the customer, whether the customer has been 
disconnected because of not paying his bill or whether a fault exists in the 
telephone network. The 997 number gives access to one of the central fault -
clearing eentres of the different telecommunication zones. In Dar es Salaam there 
are three zones: Dar es Salaam Central, Dar es Salaam North and Dar es Salaam 
South zones. The different fault clearing eentres will be described in the 
succeeding paragraphs. 

12.1.2 Dar es Salaam Central: the TestDesk (TD) 

The testdesk has several measuring devices to test the lines from the point where 
the telephone line leaves the Telephone House up to the customer premises. Also 
MDF connections can be checked with the help of the telephone exchange staff. 
There are three test-positions: Central 1, 2 and 3. The dispatcher positions 
correspond with the three parts of the Dar es Salaam Central zone: Central 1, 
Central 2 and Central 3. The dispatchers at these positions (two for every position) 
test for the technicians in the field and give the nature of the fault and probable 
distance of the fault in the telephone line from exiting the Telephone House. This 
is done by using the impedance characteristics of the telephone lines, which differ 
with good connection, disconnection and earth fault. Oscillators and amplified 
detectors are used by the technicians to find a telephone line in the man-holes and 
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to find the precise place of the fault. Only telephone customers connected to the 
telephone exchanges located in the Telephone House (DSM GXSOOO, C400 or SXS 
telephone exchanges) cao be tested. The customer fault is recorded on a sheet and 
the following information is recorded: 
- sametimes the probable fault; 
- the date of fault reporting; 
- telephone number of the faulty telephone. 
At the end of the day, the fault information is brought to an officer who collects 
the cards of the faulty telephone lines, records and distributes them between the 
three dispatchers positions. If the operator suspects the fault is in the telephone 
exchange, the fault information is given to the staff of the exchange. When the 
fault is cleared, the dispatcher checks the line and if it is working the information 
is put on the customer card. All fault information is handled by a few computers. 
Moming fault reports are made containing information about number of faults 
cleared, number of technicians, number of vehicles in use and in the garage, 
number of carried-over faults, etc. 

12.1.3 Dar es Salaam North: Operations and maintenance Centre (OMC) 

In the Dar es Salaam North zone, lines can oot be tested in a complaint centre. 
However, the NEAX61E and GXSOOO telephone exchanges have facilities totest 
the customer line. The customer cao not directly be informed in the OMC about 
the cause of the fault. Th ere cao only be checked for a disconnection due to 
non-payment of the telephone bill in the OMC. There are five officers involved 
with the complaint handling. They gather the complaints on sheets and write them 
on the customer cards. They give the faults to the technicians who clear them. The 
technicians work in five complaints areas: 
- Msasani 
- Oysterbay 
- Kij itonyama 
- Ubungo and 
- Kawe 
All these areas are again divided into cabinet areas. Every complaint area has one 
supervisor and a number of technicians, who look after the clearing of the faults of 
eertaio cabinet areas. A division is made between underground faults and overhead 
faults. There are different technicians assigned to these fault types. 

12.1.4 Dar es Salaam South: (OMC) 

The telephone faults cao be reported by dialling the 997-Number. Faults are 
registrated in a fault registration centre. Faults are cleared by the technicians with 
the help of the staff of the telephone exchanges. The central operator in the Dar es 
Salaam South zone has all customer information to inform the customer of possible 
disconnection of his telephone. 

12.1.5 Fault reporting durlog non-working hours and the weekend 

After working hours and in the weekends, the customer cao report his telephone 
faults by dialling the 900 and 991 numbers. This information is transferred to the 
OM Cs. 
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12.1.6 Customer complaint eentres 

In the customer complaint eentres the telephone customers can complain about 
billing, telephone faults and other problems. Not all information about telephone 
faults and about the telephone customer is available here. The Customer complaint 
eentres are located at Extelecoms house and Telephone house. 

12.1.7 Customer service eentres 

Customers can complain about their faulty telephone in the customer services 
centres, located at: 
Dar es Salaam Centra): 
- Telephone House; 
- Upanga; 
- Magomeni; 
Dar es Salaam North: 
- Mkwajuni; 
- Makondeko; 
Dar es Salaam South: 
- Kibaha; 
-Mafia; 
- Mlandizi; 
- Kibiti. 

12.1.8 Other complaint possibilities 

Other people to whom customers can complain are: 
- Heads of departments; 
- Heads of Central 1, 2, 3 (the Senior Sectionat Engineer); 
- Chief Sectionat Engineer of the zone; 
- Zonal Director; 
- Managing Director of TTCL. 
If costomers have very urgent complaints they can complain to almost everyone of 
the TTCL organisation up to the Managing Director. 

12.2 Customer services 

12.2.1 Sales offices 

The following services are provided at the sales offices: 
- new service provision (telephone, fax and telex); 
- change of number, address, renter etc.; 
- internall external removal; 
- certain telephone exchange services (abbreviated dialling, call transfer, password 

etc. (only if possible); 
- temporary disconnection; 
- cessation of telephone, fax and telex services. 
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12.2.2 Customer service eentres 

The following services are provided at the customer service centres: 
- counter services (payment of bi lis); 
- salesoffice services (see above); 
- accounts services (billing service and bill disputes handling); 
- complaints services; 
- A Ttended Call Office (ATCO) services. 

In the future, teleshop services will be provided at these centres. Ieleshop services 
include customers terminals and cables and display of different telephone 
configurations. 
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13. Interviews with High Revenue Generating Costomers (HRGCs) 

Twenty-six HRGCs have been questioned about their opinion of the telephone 
service of TTCL. The results from the conducted interviews are presented in the 
next paragraphs. 

13.1 Conneetion establishment 

The respondents have been asked about their experiences with the most recent 
telephone call that they made. Of these last made telephone calls, 18 successful 
calls were made to a telephone number in Dar es Salaarn, two to Arusha and the 
remaining four to resp. Mbeya, Morogoro, Mtwara and Mwanza. Two telephone 
calls were not successful. One of these unsuccessful calls was to a number in Dar 
es Salaam, the other toa number in Mombasa, Kenya. Figure 19 gives the 
conneetion establishment results for successful telephone calls in Dar es Salaam 
obtained from the interviews with HRGCs. 
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Figure 19. Attempts before reaching the wanted telephone number 

Of all the telephone calls which needed more than one attempt, 16 respondents 
stated that the reason was that the respondent heard the "busy tone", three 
respondents heard "nothing after dialling", one respondent heard the answer tone, 
but no reply. Figure 20 summarizes the causes for the unsuccessful telephone calls. 
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Rgure 20. Reasens for no success of respondent calls 

13.2 Transmission quality 

I 

Fourteen of the 24 respondents were not satisfied with the quality of the 
conneetion after getting through to the wanted number. They qualified the quality 
as being fair or poor, ten of the respondents qualified the conneetion as excellent 
or good. Table 18 gives information about the opinion of customer about the 
transmission quality of calls to Dar es Salaam and the intand of Tanzania. 

Table 18. Percentage of respondents dissatisfied about transmission 
quality of telephone calls to Dar es Salaam and to the regions" 

Direction of telephone ca lis Dar e.• Sa/aam Regions Total 

Dissatisfied respondents 8/18=44% 6/6=100% 14/24=58% 

'' Information obtained from questioning HRGCs about the quality of the 
telephone service of TTCL. 

Table 18 shows that relatively more respondents are dissatisfied about the 
transmission quality of telephone calls to Dar es Salaam than to the regions. Eight 
of the 24 respondents found it difficult to talk with or listen to the called person. 
Of the transmission problems they mentioned, the most important were "low 
volume" (5 times), "cross-talk" (4 times), "noise or hum" (3 times) and once 
"complete cut-ofr'. Figure 21 gives the transmission faults that were noticed by the 
respondents during the successful telephone calls in Tanzania. 
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llowvolumej 

13.3 Making telephone calls 

The respondents find it more important to get through to the wanted number very 
quickly (17 of the 26), eight find the easiness of talking and hearing when making 
a telephone call more important and one has no specific opinion. 

13.4 Direction of telephone calls 

Of all respondents 73% makes mostly telephone calls to Dar es Salaarn and 27% 
makes the most calls to the other regions of Tanzania. 

13.5 Opinion abont making telephone calls in Dar es Salaam 

Of all people calling mostly to Dar es Salaarn 58% qualifies the telephone service 
to Dar es Salaam as "fair" or "poor", as opposed to "excellent" or "good". 

Table 19. Respondents dissatisfied about the quality of the telephone 
service quality of TTCL'' 

Category old telephone new telephone old telephone new telephone Total 
exchange & old exchonge & old exchonge & new exchange & new 
ext. line plant (%) ext. line plant (%) ext. line plant (%) ext. line plant {%) 

Direction: 

DSM only 43 (7) IOO" (I) so'' (2) 1S (8) 69 (18) 

Tanzania - (0) 10021 (2) 100" (I) 80 (S) 31 (8) 

'' Information obtained from questioning HRGCs about the quality of the 
telephone service of TTCL. 
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Very little respondents for the category, therefore are the results not very 
significant. 

() Between brackets the number of respondents for every category are given. 

Figure 22 gives an overview of the opinion of the respondents about the quality of 
making telephone calls in Dar es Salaam. 

50% 

40"A. 

10% 

()",.{,+-----~~----~------~---+----~~----~----------~ 
excellent good fair poor 

Rgure 22. Quality of making telephone calls in Dar es Salaam 

13.6 Opinion about making telephone calls to the regions of Tanzania 

Of all respondents who call mostly to the regions of Tanzania, almost 90% states 
the telephone service to be "fair" or "poor". Because there are only eight 
respondents no conclusions about the distri bution of the op in ion over the categories 
can be made. Figure 23 gives the opinion of the respondents who make mostly 
telephone calls to the regions of Tanzania. 
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Figure 23. Quality of making telephone calls outside Dar es Salaam 

13.7 Specific remarks a bout the telephone service of TTCL 

All respondents were given the opportunity to give their opinion about the 
telephone service of TTCL in generaL Most respondents with access to the new 
network and the telephone exchange at Pugu Road had noticed a slight 
impravement of the service, but it was their opinion that the telephone service 
should improve further. Respondents in the City Centre of Dar es Salaam, noticed 
that during rainy season the telephone could oot be used. Some of the respondents 
told that the telephone could be faulty a long time and that it could be very 
difficult to get it repaired. A respondent of GulfAir told that the technicians 
messed up the internat telephone wiring of the building where they were located to 
get money from them and other telephone customers. Not giving any money would 
result in "faults" in the telephone conneetion or telephones remaining unrepaired. 
Some of the visited HRGCs were very dissatisfied about the telephone service. For 
example, the respondent of the Embassy of Belgium was looking (desperately) for 
a substitution possibility of the TTCL telephone service. Sending messages by 
pigeon-post seemed a more reliable and quicker metbod than using the telephone 
service of TTCL. This person did oot want to do an interview, because the 
telephone service was so bad. A list of some remarks of HRGCs about the 
telephone service of TTCL is presented in table 20. 
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Table 20. Remarks from HRGCs about the telephone service of TTCL') 

Company Remarks 

Rajani Industries 

Henkei Chemical Industries 

Stanbic Bank, Ind. Branch 

NAS Hauliers Ltd. 

Tanzania Cigarette Company Ltd. 

AGIP Hotel 

Canadian High Commission 

Swiss Air 

GulfAir 

Oysterbay Hotel 

Kilimanjaro Hotel 

Mawenzi Hotel 

TTCL is not fast reacting on requests. 

lt is very difficult to get more lines. 

Service must be improved 

Service is somehow improving. 

Telephones never worked in the past, 
now it is better. 

TTCL service should improve, 
especially during the rainy 
season the quality is poor. 

To get Arusha is frustrating. 

Pugu Road is now much easier to 
reach than in the past. 

Technicians mess up your lines. 

Quality of making calls outside Dar 
es Salaam is poor. 

Technicians are not qualified. 

Numbers starting with 74 and 75 you 
can only get by using the telephone 
operator (of TTCL). 

'l Information obtained from questioning HRGCs about the quality of the telephone 
service of TTCL. 
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14. Comprehensive view on the quality of the telepbone service 

14.1 Quality of tbe telephone service 

The quality of the telephone service has been defined in chapter 2 of this report. In 
short, the quality of the telephone service can be described using the following 
characteristics: 
1. ability to use the telephone service; 
2. provision of a desired level of service quality; 
3. billing integrity. 

These characteristics have been examined using two approaches: 
- a teehoical approach; 
- a customer view approach. 

In the following paragraphs the results from the two approaches will be examined 
in a comprehensive view. For every characteristic the results will be compared. lt 
is the intention to show the difference and correspondence between the results from 
the two approaches. No details will be given about causes for the existence of 
problems. For some of the characteristics for reference reasons, quality of service 
figures have been given from the United Kingdom or the United States. These 
figures give an indication of the severeness of the quality of service shortcomings 
that are mentioned. 

14.2 Teehoical quality of the telephone service 

The three quality of service characteristics have been divided into a few sub
questions. For every sub-questions the results from the research will be 
summarized. 

14.2.1 Ability to use the telephone service 

14.2.1.1 Development of the telephone service 

The development has been described elaborately in chapter 7. TTCL has notbeen 
able to improve growth figures with respect to demand. The futfilment of 
telephone demand has kept on deteriorating. In 1994 62% of the telephone demand 
could not be fulfilled. At the same time, the telephone peneteation is extremely 
low. In 1994 there were only 0.32 telephone lines per 100 inhabitants. The 
peneteation is among one of the lowest in the world. (For example, the United 
Kingdom had in 1989 a peneteation of 38.9 telephone lines per 100 inhabitants.) 

14.2.1.2 Number of costomers connected to the telephone service 

At the end of 1994, the number of telephone lines was 88,315. The largest part of 
these telephone lines (80%) is available in the urban areas and 40% of all 
telephone lines in Dar es Salaam only. 
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14.2.1.3 Number of fanlts existing in the externalline plant 

The number of faults that are existing in the external line plant is very high. The 
number of faults was 4,666 for Tanzania and for Dar es Salaam 3,424. Thus on 
average 5% of all ELCs of Tanzania and 9% of all ELCs of Dar es Salaam are out 
of order. Faults exist for very long time. The average fault clearing time is around 
10 days for Tanzania and around 14 days for Dar es Salaam. But some faults can 
exist much longer, ranging from a few months to years. (In the United Kingdom 
fault clearance is achieved within two working days for 95% of all reported faults.) 

14.2.2 Provision of a desired level of service quality 

This telephone quality characteristic has been measured with two (technica!) 
methods; 
- measurements conducted in three telephone exchanges in Dar es Salaam; 
- traffic report data from all digital telephone exchanges in Dar es Salaam. 

Results from both methods will be taken into account to describe results for the 
next sub-questions. 

14.2.2.1 Quality of establishment of call connections 

Results from the measurements 

Percentage of successful test-calis from the three telephone exchanges was low 
during busy hours ranging from 22% to 50%. The performance improved only 
slightly during slack hours. 
For a few of the outgoing routes none of the test-calls went through. (In the United 
Kingdom in 1989 call success rates were better than 97%.) 

Dial tone delay performance was good during slack hours. During busy hours the 
performance of two (i.e. the C400 and GX5000 exchanges) of the three telephone 
exchanges deteriorated. During 6% and 8% of the test-calls the dial tone delay 
exceeded the three seconds limit. (In the United States around 1% of dial tone 
delays exceeds the three seconds limit.) 

Post-dial delay performance was not good, especially for the earlier mentioned two 
of the three exchanges. Average delay times ranged from 5 seconds to 21 seconds 
during busy hours for all exchanges and during slack hours from 6 seconds to 15 
seconds. 

Results from traffic reports 

The information from the traffic reports from the digital telephone exchanges has 
been elaborated in chapter 10 of this report. The average call completion rate is 
about 10 to 15% for outgoing telephone calls from the NEAX61 E telephone 
exchanges. The performance of the GX5000 telephone exchange is better than that 
of the NEAX61E telephone exchange with an average call completion rate of 82%. 
Blocking occurs especially in a few exchanges of the five GX5000 telephone 
exchanges. Blocking in these telephone exchange occurs to around 80% of all call 

130 



Conclusions and recommendations 

attempts. The other exchanges have less blocking: on average around 20% of all 
call attempts. 

14.2.2.2 Ability to facilitate a call durlog the desired length 

Results from the measurements and traffic reports 

Both the measurements and the traffic reports gave information about the ability of 
the telephone system to facilitate telephone calls during the full length. From 
interviews with TTCL staff and experience in making telephone calls in Dar es 
Salaam, it can be assumed that the telephone system is not particularly poor in this 
aspect. Some occasional cut-offs can occur, especially when using the older 
telephone exchanges or when making long distance telephone calls. 

14.2.2.3 Quality of the telephone conneetion 

Results from the measurements 

The quality of the telephone conneetion has been measured. The results have only 
limited value. Only the conneetion between the telephone exchanges has been 
taken into account. The quality of the conneetion between the exchanges is good 
for the GXSOOO telephone exchange. The two old exchanges (C400 and SXS) 
show a poorer performance. The faults are hum and noise, cross-talk and low 
volume. The telephone conneetion quality is affected seriously by the poor state of 
the extemal line plant (and the state of the long distance transmission equipment). 
Therefore, the overall conneetion quality is probably in many cases poor. 
Interviews with TTCL staff and personal experience have sustained this statement. 

Results from traffic reports 

The traffic reports do not give information about conneetion quality. 

14.2.3 Billing integrity 

14.2.3.1 Percentage of correct bills 

According to TTCL documents less than 20% of all bills is correct, i.e. giving the 
right amount of money to be paid. 

14.2.3.2 Percentage of bills delivered in time 

There is a delay of two or more months between the billing period and the time 
the customer receives the bill. Between the time the customer pays the bill and the 
time the bills shows the payment, there is two or more months. 

14.3 Customer view on the quality of the telephone service 

The opinion of important telephone customers about the telephone service has been 
assessed with the help of a questionnaire. This questionnaire focused on the desired 
telephone service level examination. 
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14.3.1 Ability to use the telephone service 

The opinion of most customers is that it is very difficult to get a new telephone 
connection. Waiting times are very long for some areas. People register for more 
than one telephone line to make more chance of getting one telephone line. When 
a telephone line is faulty, it can take very long before it is repaired. The customers 
can become very frustrated with this situation. In the complaint eentres there are 
always many angry people, who try desperately to quicken the repair process. 

14.3.2 Provision of a desired level of service quality 

14.3.2.1 Quality of establishment of call connections 

The last telephone call made by the respondents was in 90% of the calls 
successful. The average number of call attempts was ranging from 1 to 6 attempts. 
The reason for unsuccessful calls was mostly the occurrence of the busy tone. 

14.3.2.2 Ability to facilitate a call durlog the desired length 

Only in one of the 22 successful telephone calls, a complete cut-off was reported. 

14.3.2.3 Quality of the telephone conneetion 

Fourteen of the 24 respondents were not satisfied about the quality of the 
connection. Eight respondents had difficulties with talking to and hearing of the 
called person. The mentioned transmission faults that really hampered the 
conversation were: low volume (23%), cross-talk (18%), noise and hum (14%) and 
complete cut-off (5%). (Between brackets the percentage of successful calls 
affected by the transmission fault.) 

14.3.3 Billing integrity 

The respondents have made some remarks about the billing service. In genera}, the 
respondents had a negative opinion about the billing service. 
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14.4 Comparisoo of the teehoical aod customer view approach 

The comparison of the teehoical and customer view approach is presented in table 
21. The table gives a clear summary of results from the two approaches for the 
three quality of service characteristics. 

Table 21. Summary of research results from the teehoical aod customer 
view approaches for the three quality of service characteristics 

Quality of service charaderistics 

I. Ability to use the telephone service 

2. Provision of a desired level of service 
quality 

3. Billing integrity 

Teehoical approach 

• slow growth 
• low penetration of telephone network 
• high no. of faolts 

• low success rate of calls 
• good call relention ability 
• poor (overall) conneetion quality 

• high no. of incorrect bills 
• long delays in delivery of bills 

Customer approach 

general negative apinion about: 
• provision of new telephone lines 
• fault clearing 

• reasanabie success rate of calls 
• good call relention 
• poor conneetion quality 

general negative apinion about the billing 
service 

Table 21 shows that in most of the three characteristics there is a good similarity 
between the two approaches. As the table suggests, the quality of service of the 
telephone service of TTCL is poor. The customer interview showed that more than 
half (58%) of the important customers classify the telephone service of TTCL as 
fair or poor for telephone traftic in Dar es Salaam, for telephone traftic to the 
inland of Tanzania this percentage is almost 90%. 
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15. Conclusions and recommendations 

15.1 Conclusions 

With respect to the first research question about the development of the telephone 
network of TTCL, the following conclusions can be made: 
1. externalline plant: 

The growth of the extemal line plant was good during the existence of the 
Eastem Union, in the period from 1967 to 1978. The growth of the number of 
telephone lines was about 11% per year. Since this period the growth has 
decreased. In the period from 1979 to 1994 the growth of the number of 
telephone lines was 6% per year. Compared to the growth of the demand for 
telephone lines, the growth of telephone lines has been much too smalt. In 
1994 only 38% of the total demand for telephone lines could be satisfied. Most 
of the demand is for automatic telephone services, rather than for manual 
telephone services. The penetration of the telephone network in Tanzania is 
extremely low. Tanzania has only 0.32 telephone lines per 100 inhabitants. In 
addition, the telephone network is concentrated in the urban areas: 80% of all 
telephone lines is situated in the urban areas. In Dar es Salaam only, 40% of all 
telephone lines are located. 
The causes for the small growth of the extemal line plant are: 
1. lack of finances; 
2. lack of manpower; 
3. lack of know-how; 
4. lack of working materials and machinery. 
Worth mentioning here is the high number of cessations of telephone services. 
Cessation is mostly necessary, when telephone customers do not pay their bill. 
Cessations occupy many of the scarce resources of TTCL. 

2. telephone exchanges: 
Three types of telephone exchanges are in use in the telephone network of 
TTCL: manual, automatic analog and automatic digital telephone exchanges. 
Manual telephone exchanges are the highest in number and are mostly used in 
the rural areas. The automatic telephone exchanges are commonly used in the 
urban areas. Although the largest number of telephone exchanges is manual, 
only 12% of the telephone lines is connected to these exchanges. The largest 
part of the telephone lines is connected to automatic telephone exchanges. 
Digital exchanges hold 48% of the telephone lines and analog automatic 
exchanges 40%. The capacity of all telephone exchanges, in terms of the 

number of connected telephone customers, is not used in full: only about 70% of 
this capacity is used. The causes for the low capacity usage of the telephone 
exchange capacity are: 

1. insufficient extemal line plant capacity; 
2. faults in subscriber dedicated parts of the telephone exchanges; 
3. acquisition of new telephone exchanges that have to be connected with new 

customers. 
In the telephone network many different sorts of telephone exchanges are used. 
There are five sorts of digital telephone exchanges and four sorts of analog 
telephone exchanges in use. These telephone exchanges need different operation 
and maintenance procedures and spare parts. This fact poses extra problems for 
TT CL. 
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3. transmission: 
In Dar es Salaam mostly cable transmission systems are used for 
communication between telephone exchanges. These cable systems are being 
replaced by microwave beam systems, that have an higher capacity and are 
more reliable. Also some optical fibre cables are in use in Dar es Salaam. 
In the long distance transmission network, microwave beam systems and wire 
systems are being used. Power for the transmission equipment is provided by 
many different types of power supplies. 

From the second research question about the technica! quality of the telephone 
service, the following conclusions can be drawn: 
1. Ability to use the telephone service: 

- Access to the telephone service is hampered severely by the deteriorated 
state of the external line plant. The number of faults is extremely high. On 
average 5% of all telephone lines is out of order. The repair times are high 
(on average 10 days ). The customers of TTCL are dissatisfied by the high 
number of faults and feel very frustrated about the slow repair service. 
The causes for the high number of faults and the long repair times are: 
1. lack of transport for supervisory personnet and technicians; 
2. lack of equipment for the technicians to localize the fault; 
3. lack of training of the technicians; 
4. lack of motivation of the technicians to do a good job; 
5. deteriorated state of the external line plant; 
6. technicians being bribed by customers; 
7. technicians who demand money for their own pockets; 
8. emergency fault clearings of High Revenue Generating Customers and 

high officials can occupy many technicians for a certain time period. 
- The capacity of the telephone network of TTCL is very low with respect to 

the demand. This means that many customers can not be offered telephone 
services or that some customers have to do with a too low number of 
telephone lines. Existing telephone lines are used intensively. 

2. Provision of a eertaio level of service quality: 
conneetion establishment: 
lt is difficult to get through to a telephone number even when making a 
telephone call in Dar es Salaam. Both the conducted measurements in the three 
telephone exchanges and the analysis of the traffic data reports from the 
GX5000 and the NEAX61E digital telephone exchanges show that on average 
many attempts are necessary to get through. 
- From the three telephone exchanges tested, the C400 telephone exchange 
performed the worst. During busy hour and slack hour the success rate ranged 
on average from 22% to 30% successful calls. Test-calis from the SXS 
telephone exchange were in half of all test-calis successful. And the success 
rate of test-calis made from the GX5000 telephone exchange ranged from 
43% during busy hour to 83% during the low traffic hour. From the three 
telephone exchanges and to some exchanges the success rate was 0%, 
sometimes during both busy hour and slack hour. 

- The traffic data reports from the digital telephone exchanges show that the 
success rate is low for calls made from these exchanges. The NEAX61 E 
telephone exchange has an average success rate of 15% and the GX5000 has 
an average success rate of 18%. For the NEAX61E te1ephone exchange the 
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causes can he deducted from the traffic data reports. Mostly, transmission 
faults and partial dialied numbers are the cause for unsuccessful calls. 
The traffic data reports show that local calls have a twice as good success rate 
as toll calls. 
The causes for the low success rate of the telephone calls are: 
1. too low capacity of transmission equipment; 
2. faults in transmission cables and radio equipment; 
3. faults in telephone exchanges. 

conneetion retention of telephone calls: 
- The retention quality of telephone calls is difficult to measure. Both the 

traffic data reports and the conducted measurements in three telephone 
exchanges did not give any information about the conneetion retention of 
telephone calls. 
The causes for prematurely disconnection are likely to he: 
1. extemal Iine faults; 
2. faults in transmission equipment and transmission Iines. 

conneetion quality: 
- The results from the conducted measurements in three telephone exchanges 

give some indication about the conneetion quality deterioration of telephone 
calls during the transmission between two telephone exchanges. Low volume, 
noise and hum and cross-talk were noticed. The overall conneetion quality is 
determined by the quality of the extemal line plant for local calls, because the 
quality of the extemal line plant is very bad. For toll calls the transmission 
quality of the long distance transmission network is an additional factor, that 
will affect the conneetion quality. Local telephone calls have, therefore, a 
much better conneetion quality than long distance telephone calls. 
The causes for deterioration of telephone conneetion quality are: 
1. poor state of communication lines; 
2. poor state of communication equipment; 
3. poor state of extemal line plant. 

3. Billing quality: 
- Billing quality is very bad: all bills are incorrect and they are also delivered 
two or three months late. The cause for the bad billing quality is the 
erroneous billing system. lnformation exchange between the customer service 
eentres of TTCL and the billing system is another cause for faults in the bills. 
The resulting errors on the bills are: 
1. payments are not mentioned on the hili; 
2. bills contain charges for telephone calls (mostly international calls) the 

customer has not made; 
3. bills contain conneetion charges already paid; 
The result for customers can he that their telephone is unjustly disconnected or 
that they are charged for calls they did not make. 

With respect to the third research question about the customer view on the quality 
of the telephone service of TTCL, the following conclusions can he made: 
1. Ability to use the telephone service: 

Many customers are very frustrated about the many faults in the extemal line 
plant, that are cutting customers off from telephone service completely. Repair 
takes a long time and this means that customers have to do without their 
telephone for a long time. Provision of a telephone line can take very long. 
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This is very frustrating for the (potential) customers. 
2. Provision of a eertaio level of service quality: 

The interviews with 26 High Revenue Generating Customers gave information 
about the apinion of these customers about the quality of the telephone service 
ofTTCL 
conneetion establishment: 
Of all attempts to reach a eertaio number 90% was successful after a number of 
call attempts. The number of call attempts raoged from 1 to 6 attempts. Mostly, 
the reason for no success was the occurrence of the busy tone. The conneetion 
establishment of the last telephone call was, therefore, very good. 
conneetion retention of telephone eaUs: 
Conneetion retention was during one successful call oot good, because the call 
was disconnected prematurely. During the other 21 telephone calls, there was 
no problem with conneetion retention. Therefore, the quality of conneetion 
retention is probably good. 
conneetion quality: 
The quality of the conneetion was oot satisfactorily for 14 of the 24 
respondents. Eight of them had problems to talk with and listen to the other 
person on the telephone. The transmission quality is worse for telephone calls 
to the regions than that to Dar es Salaam. All respondents that made a 
telephone call to the regions were dissatisfied about the transmission quality, 
while less than half of the respondents that made a call to Dar es Salaam were 
dissatisfied. 

3. Billing quality: 
Same of the interviewed customers made remarks about the billing service. lt 
cao be safely assumed, that all customers are dissatisfied about the billing 
service. The bills are incorrect aod delivery is always late. The result is that 
many customers are reluctant to pay their bill. In addition, many customers are 
disconnected, because their payment was oot correctly registered in the billing 
system. Many customers are very frustrated about this situation. 

15.2 Recommendations 

The conclusions drawn from the research cao be translated in the following 
recommendations for TTCL: 

1. maximize profit from telephone services: 
- improve the billing system; The billing system has to be improved. It cao 

oot be justified that iocome is lost because of the poor quality of this system. 
- assure payment of bills by in advance payment of telephone rental and 

telephone use charges and of conneetion charges; 
In advaoce payment is the salution for the loss of iocome due to telephone 
costomers who are oot willing to pay their bills. The prerequisite is a good 
quality billing system. Another advaotage is that delays in payment between 
using the telephone service aod paying for it is oot at the expense of TTCL 
In advance payment cao be introduced easily by using credit card type 
technology. In combination with access codes this system cao be a good 
salution for assuring that costomers pay for their telephone use. 

- focus on the High Revenue Generating Costomers for provision of 
telephone services; High Revenue Generating Costomers are the costomers 
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that give TTCL the most income. Providing these customers with good service 
is more important than providing normal customers with good service. It 
seems desirabie to decrease the number of low usage customers from the 
viewpoint of maximizing profit One possible metbod to increase the number 
of high usage customers is to increase the rental and conneetion charges for 
low usage customers. This action is reasonable, because the number of 
telephone lines is scarce and the High Revenue Generating Customers give 
TTCL far more profit than a low usage telephone customer. 

- registration of a (potential) customer on the waiting list for a telephone 
line bas to be charged a reasonable amount to cover for the efforts of 
administration and of finding a free telephone line; The charge can also 
improve the reliability of the waiting list and can, thus, improve the quality of 
the data for planning of the telephone network. 

- all charges have to be increased according to intlation rates. As intlation 
is high in Tanzania, the charges have to rise at least every or every half year. 
Because all telephone equipment has to be purchased in foreign countries, 
charges have to increase to make it possible for TTCL to buy equipment. 

2. improve the teehoical condition of the telephone network: 
- focus more on providing quality than on providing quantity of service. 
Providing good quality services is more than ever essential, because customers 
are getting more and more possibilities to switch to another telephone service 
provider. As the High Revenue Generating Customers are willing to pay extra 
for good quality communication and will get more and more the possibility to 
do so, TTCL has to take action to satisfy these customers. 

- intensify the maintenance of all teehoical components of the telephone 
network; The condition of all teehoical components determines the quality 
of the telephone system. The quality of the telephone network is as good as 
the worst part of the telephone network. 

- improve the quality of maintenance and repair work; The quality of 
maintenance and repair work is often not good. lt is probably hard to improve 
this quality as there are many causes for this problem. However, the following 
measures can be taken: 
1. improve the supply of spare parts; By recording the faulty parts in the 

network a planning can be made for the acquisition of spare parts. By 
doing this spare parts can be available when needed in most cases. 

2. improve the training of technicians; Knowledge about the proper 
maintenance procedures is important for assuring a good quality of 
maintenance work. 

3. motivate the technicians to do a good job; Technicians are often treated as 
being unimportant, but this is not true at all. In the contrary, the quality of 
the telephone system starts with the work that the technicians perform. The 
importance bas to show from both salary and rank. Hopefully, an increase 
of the salary will improve the sensitivity of technicians to take bribes from 
telephone customers. Bribes of customers will probably be hard to 
overcome. 

- increase the rental charges to cover for repair and maintenance. These 
charges have to cover the costs for repair and maintenance of the telephone 
network. Because the telephone needs more maintenance, the charges have to 
be increased to (partly) finance these extra efforts. 
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3. use the more reliable local loop technology: 
- study possibilities for wireless local loop technology. Wireless local loop 

systems are a salution to many of the problems of the extemal line plant. 
Therefore, they need to be considered with care. Although the wireless 
technology is more expensive than wired local loop as is presently used by 
TTCL, especially for the High Revenue Generating Customers, the improved 
reliability is certainly desirable. In addition to the planned offering of mobile 
telephone services of TTCL, the wireless local loop service does not need to 
constitute high extra costs. 
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