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Abstract: Telecommunication is one of the most fast-paced and rapidly changing sectors globally. This 
study develops a total quality management (TQM) framework for mobile network operation centres 
(NOC) to aid in network surveillance and fault management processes for a 5G transmission network. A 
systematic literature review was conducted using academic articles in journals and conference papers 
sourced from the EBSCOHost database. A fuzzy analytic hierarchical process (FAHP) was used as a 
multi-criteria decision-making tool to determine which criteria and factors are of the highest ranking for 
the development of the TQM framework. Data collection and control sheets were ranked higher, 
making them critical to the framework. This shows that, without good data, no problems can be 
identified, visualised, analysed, and solved and processes will not be improved. Process improvement is 
ranked last, showing it is of the lowest priority compared to the other criteria. This however, does not 
imply that in TQM it is of lower priority, as it is needed to keep meeting the needs of the customers. 
The framework includes how the TQM tools and techniques can be used in collecting, visualising, 
analysing, solving problems, and improving processes. 
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1. Introduction  

Telecommunication is fast-paced and rapidly developing, and it is highly competitive; the user 
requirements of telecommunications services are continuously increasing and changing with evolving 
technology [1]. The network operations centre (NOC) in a telecommunication organisation is at the 
forefront, offering a service to internal and external customers. They monitor, detect, and analyse faults 
in order to identify the root cause [2]. The NOC ensures that the infrastructure is working at its 
optimum levels and not affecting customers adversely. Numerous NOCs fail to meet desired service 
levels due to the lack of a centralised support framework [3]. A framework is imperative for the success 
of the NOC, as it assists in making decisions and ensuring that actions are consistent across people, 
processes and tools. A NOC that is ineffective and inefficient drains management and financial resources 
and leaves the business exposed, due to a lack of performance and availability [3]. 

For telecommunication companies or any other organisation to survive and thrive in a globally 
competitive market, they need to provide superior quality to customers consistently over a long time. 
Seventy percent of the network manager’s workday time is spent on troubleshooting: preventing, 
reacting, and resolving ongoing disruptions in the network, while only 30% is spent on business-driving 
activities [4]. Sixty-four percent of IT executives admit that insufficient skills are among the top 
barriers to emerging technology adoption [4]. According to the ITIC’s 11th annual, 40% of enterprise 
survey participants estimated that an hour of outages cost an organisation $1 million to 5 million in 
revenue, end-user efficiency, and administrator remediation [5]. 
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The NOC is an essential part of a telecommunications organisation, and it supports the efficient 
functioning of a business [2]. Companies that utilise a high level of TQM practices are rarely influenced 
by the forces that drive industry competition [6]. The inefficiency of the NOC affects network 
availability and service availability and also the reputation of the business and its profitability [3], [7]. 
Numerous NOCs fail to meet desired service levels due to the lack of a centralised support framework, 
which is imperative for the success of the NOC, as it assists in making decisions and actions consistent 
across people, processes, and tools [3]. While 70% of a workday is used to troubleshoot faults in the 
network [4]. 35%-55% of network failures are due to human error. These can be lessened through 
training [8]. 

The aim of the study is to develop a TQM framework focusing on the management of faults on the 
5G transmission network guiding the mobile NOC department in performing efficiently and meeting 
customer’s needs. 

This study contributes to the existing body of knowledge, with the focus being on the NOC in 
telecommunications. It also contributes to the understanding and use of quality TQM tools and 
techniques in telecommunication NOCs. The development of a TQM framework for the network 
operations centre adds value in the running of the department efficiently and, more importantly, will 
meet the needs of customers. Thus, the proposed TQM is therefore recommended for implementation 
by NOC. If the proposed framework is rightly implemented, telecommunication organisations may reap 
benefits, such as customer satisfaction, improved processes in network surveillance, fault management, 
improved decision-making and processes in general, giving the business a competitive edge. 

Having the right organisational culture, company structure and resource support helps to improve 
the effective implementation of TQM [9]. 

Furthermore, the study also contributes to knowledge empirically through the implemetation of the 
FAHP framework was used as a multi-criteria decision-making tool to determine which criteria and 
factors are of the highest ranking for the development of the TQM framework. 

 

2. Literature Review 
Various research studies show that TQM tools and techniques are used to review and analyse 

current conditions and are used for planning and control in order to solve problems and bring about 
much-needed improvements in organisations [10]. The TQM tools and techniques help identify root 
causes of quality issues, which can then be solved [11], [12]. 

Evidence shows that TQM is an important tool, which contributes to an improved efficiency and 
increased financial performance [13]. TQM, TQM tools and techniques have various benefits in an 
organisation if implemented successfully and improve competitiveness [11], [12], [14].  

 
2.1. TQM Tools 

The seven and sometimes eight quality tools with the goal of assisting the organisation to meet the 
needs of the customer are Pareto analysis, cause-and-effect diagrams, check sheets, control charts, 
histograms, scatter diagrams, stratification and in some cases process flowcharts instead of stratification 
[15], [16], [17], [18], [19], [20], [21]. The following are TQM tools and techniques properties: 

• Pareto analysis - Pareto analysis is a quality tool which was developed by an Italian economist 
by the name of Vilfredo Pareto for problem-solving [22]. It is called the 80/20 principle, where 
80% of consequences are a result of 20% of the causes, which means that a minority of causes 
lead to the majority of problems [15], [22], [23], [24], [25]. It is also known as vital few and 
trivial many. The correct vital few need to be identified to be able to solve problems; if not, it 
will lead to an incorrect problem-solving approach. Pareto analysis relies on quality data from a 
stable process, as instability issues will lead to misinterpretation and the right problem might 
not be solved [22]. When depicted graphically or visually, it is called a Pareto chart. It was 
promoted by one of the quality gurus, Dr Joseph Juran; it is used to separate the important from 
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the trivial [15]. Pareto charts prioritise the causes of problems [17]. Pareto analysis is used as 
an analysis tool for various applications [26]. In previous research where Pareto analysis was 
investigated, the research concluded that, if Pareto analysis fails to correct [23].  

• Cause-and-effect diagram: A cause-and-effect diagram is a commonly used non-statistical 
quality tool. It is used to qualitatively map the relationship between a problem and its causes 
[15], [17], [27], [28]. The cause-and-effect diagram was designed by Dr Kaoru Ishikawa to 
effectively sort and organise the potential causes of a problem and to consider their 
interrelationship [15], [28]. A cause-and–effect diagram is used for problem-solving through 
the identification of problems and their root causes [10], [27]. It provides a systematic 
framework designed to help identify and isolate causes of problems that need to be solved. The 
cause-and-effect diagram is graphically represented in the form of a fish and hence its name 
fishbone diagram, where the spine is the problem investigated and where the ribs of the fish are 
the causes of the problem [15]. Data on the problem or process can be collected during a 
brainstorming session consisting of subject-matter experts such as engineers, technicians, and 
etc [15], [27], [29]. The brainstorming process is used to identify possible causes and yields a 
great deal of data, which will need to be analysed [15], [20], [27], [29]. The possible causes 
that may be associated with problems may be categorised as follows: machine, method, man 
(people) and mother nature (the environment) [27], [28]. A cause-and-effect diagram is a tool 
of analysis not of just problems but also of processes [28].  

• Check sheets: A check sheet is used to collect data. This is done during inspection and the 
defects are recorded [27], [30]. It can be used in any environment to identify the root causes of 
a problem. Check sheets are used for data collection. This data collected can be used to solve 
problems or improve processes [15], [30]. 

• Control chart: A control chart is used to study or analyse a process over time and identify 
special causes of variation, so the process can be improved and problems can also be solved 
[27]. Dr Walter Shewhart developed the control chart to separate special causes from common 
causes [15]. For it to work effectively, it relies on sufficient data [31]. The data is visualised by 
plotting the data on a graph with an upper control limit (UCL) and a lower control limit (LCL). 
Special causes of process variations are easily picked up as they will be outside the UCL and 
LCL boundary [15]. 

• Histogram: A histogram is usually used for data visualisation and data analysis [16], [27]. It 
shows the frequency of occurrence; hence, it is also called a frequency distribution diagram 
[15]. Histograms should be used only for a short period of time, as the results may be blurred 
because many things could potentially affect a process such as maintenance of equipment, 
material difference, and operator influence, etc [15]. Processes are subject to variability. For 
example, a process can be repeated several times and yet produce a different output every time. 
This variation of a process is calculated by using the standard deviation (indicates the deviation 
from the mean value of the samples in a data set) and mean (it is the line from which the 
standard deviation is measured; it is at the centre of the bell curve) on a frequency distribution 
curve [15]. Trends can be determined from the frequency distribution, making a histogram a 
data analysis tool as well. A histogram is also used for problem-solving and it is not so popular 
for decision-making and process improvements [10]. 

• Scatter diagram: The scatter diagram is used to study the relationship or correlation between 
variables [15], [27]. When there is a strong correlation between variables, the data points will 
be grouped in a linear form. When there is a weak correlation, the data points will be loosely 
grouped. Lastly, if there is no correlation between variables, the data points will be in a 
disorganised configuration for example not linear or elliptical [15]. A scatter diagram is used to 
test the correlation between process factors and characteristics of the product flowing out of a 
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process. Once the data has been plotted, it can then be analysed to see the relationships of 
variables in a process and to solve problems. 

• Flowchart: A flowchart is used to graphically represent a process, so the process can be fully 
understood. Once the process has been drawn, it needs to be studied to see where the problems 
are and where it can be improved [15]. 

• Stratification (appears in some text as the seventh quality tool): Stratification is used to 
investigate causes of problems by classifying data into categories to reveal underlying patterns 
[15], [27]. This makes it easier to analyse the data and gain some insights that will assist in 
solving problems or improving processes. If one stratifies long enough, they will get to the root 
cause of the problem and be able to solve the problem [15]. Stratification is a favourite 
technique to classify data in order to reveal underlying patterns [27] to make improvements 
and for problem-solving but is a least favourite for decision-making [10].  

 
2.2. Properties of TQM Tools 

During the NOC operations of network surveillance and fault management, processes require the 
following: data collection, data analysis, data visualisation, problem-solving, and process improvement. 
These are the properties of the TQM tools and techniques. 

• Data Collection: Data is usually collected to solve problems or improve processes [15], [30]. 
With sufficient data, problems can be identified, visualised, analysed, and solved and processes 
will be improved. Check sheets are used for data collection.  

• Data Analysis: Data analysis involves the grouping and structuring of data so that important 
relationship, characteristics, trends and information that can provide valuable insights into the 
problem and how it can be solved can be determined [16], [27]. Data analysis can be done 
using frequency distribution, histogram etc. 

• Data Visualisation: This process involves the presentation of data at a glance in tables, graph or 
charts so as to effectively communicate the information deduced from it [32], [33].  

• Problem-Solving: This process encompasses problem definition, establishing root cause of the 
problem, identification of the possile solutions, and selection of the most feasible alternative 
from the solutions [32], [33].  

• Process Improvement: This involves the analysis of existing process in order to optimize or 
enhance its performance (daiya et al., magodi et al.,). The process improvement is a systematic 
approach carried out to ensure that the that is process is achieved orderly, effectively and 
continuously manner with significant improvement over the existing or current process [32], 
[33]. 

 
2.3. Application of TQM 

The articles consulted in this research have found that TQM has evolved over the years. The 
finding was that companies need a proper strategic roadmap along with suitable tools and techniques to 
ensure the successful implementation of TQM [9]. A proactive strategy, which is an internal strategic 
factor, ensures a stronger positive effect of TQM [9], [11], [34], [35]. There is, however, a need for 
research in strategic quality management (SQM) as an important area of TQM [9], [35]. 

Having the right organisational culture, company structure and resource support helps to improve 
the effective implementation of TQM [9], [35]. Quality-management programmes such as TQM 
contribute to organisational change in the organisation [13]. 

Various research studies show that TQM tools and techniques are used to review and analyse 
current conditions and are used for planning and control in order to solve problems and bring about 
much-needed improvements in organisations [10]. The TQM tools and techniques help identify root 
causes of quality issues, which can then be solved [11], [12]. 



2216 

 
 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 2212-2231, 2024 
DOI: 10.55214/25768484.v8i6.2420 
© 2024 by the authors; licensee Learning Gate 

 

Evidence shows that TQM is an important tool, which contributes to an improved efficiency and 
increased financial performance [13]. TQM, TQM tools and techniques have various benefits in an 
organisation if implemented successfully and improve competitiveness [11],[12], [14]. 

TQM was also critically assessed to identify areas of future research; this was carried out by 
utilising a systematic literature review of articles, otaied from various databases and also statistical 
methods. A Pareto analysis was used to capture the frequency of occurrence [26], [36]. The findings of 
the study are practices of TQM and the impact of TQM. The practices of TQM vary by sector and a 
Pareto analysis was applied to the practises of TQM to see the frequency of these practices in the 
literature. The impact of TQM is customer satisfaction and improved business performance, as they 
appeared more frequently in the literature [36]. The correct application of TQM tools and techniques 
can increase productivity and profitability, as not all tools can enhance efficiency [16]. Not many 
literatures has extended the application of TQM to the telecommuication industry precisely the mobile 
network operation centres (NOC) which is the focus of this study. Furthermore, the application of fuzzy 
analytic hierarchical process (FAHP) for as a multi-criteria decision-making tool in relation to the 
mobile NOC has not been sufficiently highlighted by the existing literature.  Thus, the novelty of this 
study lies in the development of a TQM framework for mobile NOC to aid in network surveillance and 
fault management processes for a 5G transmission network. In addition, the ranking of the criteria that 
constitute the framework in their order of importance using the FAHP approach has not been 
sufficiently discussed by the existing literature. The study is significant in that it will add value to any 
NOC department that uses the framework. The TQM principles, tools and techniques such as data 
collection, data visualisation, data analysis, problem-solving and process improvement were used to 
develop the TQM framework which will serve as a guide for the NOC department. The application of 
the proposed TQM framework will result in the seamless running of the NOC and in meeting the needs 
of the customer. It will assist in areas such as monitoring and surveillance as well as fault management. 
This will ultimately reduce downtime and assist the NOC department not to be a reactive department 
that spends the majority of its time on troubleshooting. 

 

3. Methodology 
Desk research (secondary data) is conducted for the research. Data is selected using a systematic 

literature review (SLR), which is evidence-based. Data is analysed using the fuzzy analytic hierarchy 
process (FAHP), which is used as a technique for supporting the selection of TQM tools and techniques 
and elements to use in the framework.  

The analytic hierarchy process (AHP) is used as a technique for supporting the selection of TQM 
tools and techniques [37] [38]. AHP is a widely used multiple-criteria decision-making tool which uses 
pairwise comparisons of allocated weights to rank alteratives [37], [38], [39] [40]. The three main 
AHP methodology functions are:  

• Structuring complexity: identify various factors that affect the decision and organise them in a 
hierarchical structure of homogenous clusters of factors. 

• Measurement: is in ratio scale and is found by comparing the factors in pairs. 

• Synthesis: each factor is compared with its parent factor. 
This method is based on assigning numerical values for the subjective judgement of the relative 

importance of each variable, then synthesising the judgments to determine which variables have the 
highest priority [37]. AHP uses a consistency ratio to ensure the judgement exercised on the pairwise 
comparison is coherent and consistent [38]. Its limitations are: 

• A pairwise comparison may introduce inconsistency, as it does not look at the global 
information but does a single pair comparison at a time [38]. 

• If there is only one decision maker, the results may be subjective. 
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To curb these limitations, a fuzzy analytic hierarchy process (FAHP) is used. FAHP is used to 
reduce uncertainty, vagueness, imprecision, and subjectivity of the expert’s conclusion [41], [42], [43]. 
FAHP is also a multi-criteria decision-making tool and is a combination of fuzzy theory and AHP [41]. 
It converts linguistic definitions or variables into mathematical expressions [44]. The following are the 
steps of FAHP. They are similar to those of AHP [41]: 

1. Identify the goal or objective. 
2. Then break it down into criteria (Categories) and/or sub-criteria (Subcategories). 
3. Establish a hierarchy structure framework for analysis. 
4. Perform a fuzzy pairwise comparison for each level of the criteria (categories) and/or sub-

criteria (Sub- categories). 
5. Determine relative weights. 
FAHP uses a crisp matrix. It is obtained by taking a central value from the fuzzy matrix instead of 

using a fuzzy number [44]. 
The FAHP scale has values, namely, the lowest value (lower, l), middle value (median, m), and 

higher value (upper, u). These are the triangular fuzzy numbers (TFN) [44]. Compared to the Fuzzy 
Analytical Network Process (FANP) which combines the Analytical Network Process (ANP) and Fuzzy 
methods, the FANP considers the interaction between criteria and the weight allocation process is more 
accurate and less subjective. However the FANP model may present complex mathematical models 
[45]. The Fuzzy decision-making trial and evaluation laboratory (Fuzzy-DEMATEL) is considered as 
an effective model for the identifying the cause-effect chain components of a complex system through 
the evaluation of the relationships or interdependence among factors and finding the important ones via 
a visual structural model [46].  Unlike the FAHP, it might be difficult for decision makers to visualise 
the direct influece of the each of the criteria on the overall goal. Thus, based on the limitations of the 
AHP, FANP and Fuzzy-DEMATEL, the FAHP was selected for use in this study. 

The key factors of TQM tools, techniques and methods are identified and compared; based on their 
weight, a selection is made that can be applied in the NOC environment. 

 
3.1. Data Collection 

The systematic literature review (SLR) is a research method and process of identifying and critically 
appraising relevant research and then producing the research findings in a systematic, transparent, and 
in a manner that can be reproduced or copied [47]. It aims to minimise bias and provide reliable 
findings by using predetermined inclusion and exclusion criteria to answer a particular research 
question [47], [48]. The sources used to conduct the systematic literature review are EBSCOHost 
database with peer-reviewed articles from journals and also grey literature such as company websites, 
standards organisation websites and textbooks on the subject matter. 

Keywords were predetermined and used to search the databases and inclusion and exclusion criteria 
were constructed before the literature review was undertaken. The inclusion criteria: 

• That are peer-reviewed. 

• That are published. 

• That are not older than 2012. 

• Use at least 25 articles. 

• EBSCOHost database. 
The exclusion criteria: 

• Articles that are not related to total quality management or quality tools. 

• Articles that do not mention the NOC. 
A total of forty-five (45) articles that satisfied the inclusion criteria were reviewed in this study. 
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3.2. Data Analysis 
Fuzzy analytic hierarchy process (FAHP) is used for data analysis. FAHP is used to reduce 

uncertainty, vagueness, imprecision, and subjectivity of the expert’s conclusion [41], [42], [43]. FAHP 
is also a multi-criteria decision-making tool and is a combination of fuzzy theory and AHP [44] It 
converts linguistic definitions or variables into mathematical expressions [45]. The following are the 
steps of FAHP. They are similar to those of AHP [44], [46]. 

• Identify the goal or objective. 

• Then break it down into criteria (Categories) and/or sub-criteria (Subcategories). 

• Establish a hierarchy structure framework for analysis. 

• Perform a fuzzy pairwise comparison for each level of the criteria (Categories) and/or sub-
criteria (Sub- categories). 

• Determine relative weights. 
FAHP uses a crisp matrix. It is obtained by taking a central value from the fuzzy matrix instead of 

using a fuzzy number [41], [42], [43], [44], [45]. The FAHP scale has values, namely, the lowest 
value (lower, l), middle value (median, m), and higher value (upper, u). These are the triangular fuzzy 
numbers (TFN) [42], [43], [44] [49], [50]. 

 
3.2.1. The FAHP Framework 

Figure 1 presents the block diagram representing the framework followed for the FAHP method 
while Figure 2 shows the FAHP hierarchy model for the criteria and factors employed in the NOC 
TQM framework. 
 

 
Figure 3. 
The block diagram representing the framework followed for the FAHP 
method [44]. 
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Figure 4. 
The FAHP hierarchy model for the criteria and factors employed in the NOC TQM framework. 

 
The literature reviewed highlighted the TQM tools and techniques. The results of the review are as 

follows: 

• One tool is for data collection. 

• Five tools are for data visualisation. 

• Six tools are for data analysis. 

• Eight tools are for problem-solving.  

• Eight tools are for process improvement.  
These properties are then used as the criteria for the FAHP. The results are then used to draw up 

the TQM framework for the NOC. The criteria are selected as follows: 

• Data collection (DC). 

• Data analysis (DA). 

• Data visualisation (DV). 

• Problem-solving (PS). 

• Process improvement (PI). 
The TQM tools and techniques are used as the factors for the FAHP process: 

• Pareto analysis. 

• Cause-and-effect diagram. 

• Check sheet. 

• Control chart. 

• Histogram. 

• Scatter diagram. 

• Flowchart. 
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3.2.2. Pairwise Comparison of the Quality Tools 

A pairwise comparison is done and based on which criterion is of importance in the NOC. During 
the NOC operations of network surveillance and fault management, processes require the following: 
data collection, data analysis, data visualisation, problem-solving, and process improvement. These are 
the properties of the TQM tools and techniques. The criteria and factors are weighted using a 
triangular fuzzy number (TNF) scale of relative importance (see Table 1). Table 1 maps the linguistic 
variables to TNF and are used to conduct the pairwise comparison. 

 
Table 1. 
Linguistic terms for expressing relative priorities. 

Fuzzy number Linguistic variable TNF 

1 Equally important (1,1,1) 
2 Equally moderate important (1,2,3) 
3 Weakly important (2,3,4) 
4 Moderate important (3,4,5) 
5 Moderately strongly important (4,5,6) 
6 Strongly important (5,6,7) 
7 Very strongly important (6,7,8) 
8 Very strongly extremely important (7,8,9) 
9 Absolutely important (8,9,9) 

Source: [41]. 

 
The properties of the TQM tools and techniques are given weights based on which properties are 

common among all TQM tools and techniques. The one that is most common is given a higher weight 
and the least common one is given the least weight. The criteria and the factors are compared in pairs to 
see which one is of greater importance. Table 2 is populated using the TNF for the pairwise comparison. 
Table 2 is the pairwise comparison matrix for the criteria using FAHP. 

The assumption underlying the F-AHP approach is that all the criteria and factors involved are 
independent of each other to minimise inconsistency in the weight allocation [49], [51]. 

 
Table 1. 
The pairwise comparison of the criteria used. 

 Data 
collection 

Data 
visualisation 

Data 
analysis 

Problem-
solving 

Process 
improvement 

Data collection (1,1,1) (8,9,9) (8,9,9) (8,9,9) (8,9,9) 
Data visualisation (1/9,1/9,1/8) (1,1,1) (3,4,5) (4,5,6) (4,5,6) 
Data analysis (1/9,1/9,1/8) (1/5,1/4,1/3) (1,1,1) (1,2,3) (4,5,6) 
Problem-solving (1/9,1/9,1/8) (1/6,1/5,1/4) (1/3,1/2,1) (1,1,1) (1,1,1) 
Process improvement (1/9,1/9,1/8) (1/6,1/5,1/4) (1/6,1/5,1/4) (1,1,1) (1,1,1) 

 
Table 3 shows the results of the matrix calculations done. Defuzzification is done to get the centre 

of area, which is a fuzzy crisp number. The crisp number is normalised to get a total sum of 1. The 
criteria are also ranked as per below. 
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Table 2. 
Defuzzification, normalisation and ranking of the criteria. 

Properties 
Fuzzy geometric 

mean value 
Fuzzy 

weights 
Centre of area 

(COA) 
Norm-alise Ranking 

Data collection (5.278,5.799,5.799) 
(0.000556, 
0.648803, 
0.000728) 

0.000428 0.735164 1 

Data 
visualisation 

(1.398,1.619,1.863) 
(0.000147, 
0.181137, 
0.000234) 

0.000078 0.133855 2 

Data analysis (0.617,0.774,0.944) 
(0.000065, 
0.086597, 
0.000118) 

0.000039 0.067826 3 

Problem-
solving 

(0.359,0.407,0.500) 
(0.000038, 
0.045536, 
0.000063) 

0.000021 0.035925 4 

Process 
improvement 

(0.315,0.339,0379) 
(0.000033, 
0.037928, 

0.0000476) 
0.000016 0.027231 5 

 
Table 4 is the pairwise comparison matrix for the factors used in FAHP. The factors are the TQM 

tools and techniques while Table 5 shows the results of the matrix calculations done. Defuzzification is 
done to get COA, which is a fuzzy crisp number. The crisp number is normalised to get a total sum of 1. 
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Table 3. 
The pairwise comparison of the factors used in FAHP. 

 Pareto chart 
Cause-and-effect 

diagram 
Check sheet Control chart Histogram 

Scatter 
diagram 

Flow-
chart 

Stratification 

Pareto chart (1,1,1) (4,5,6) 
(0.111, 0.111, 

0.125) 
(1,1,1) (1,1,1) (1,1,1) (5,6,7) (5,6,7) 

Cause-and-effect 
diagram 

(0.167, 0.200, 
0.250) 

(1,1,1) 
(0.111, 0.111, 

0.125) 
(0.167, 0.200, 

0.250) 
(0.167, 0.200, 

0.250) 
(0.167, 0.200, 

0.250) 
(4,5,6) (1,1,1) 

Check sheet (8,9,9) (8,9,9) (1,1,1) (8,9,9) (8,9,9) (8,9,9) (8,9,9) (8,9,9) 

Control chart (1,1,1) (0.167, 0.200, 0.250) 
(0.111, 0.111, 

0.125) 
(1,1,1) (1,1,1) (1,1,1) (5,6,7) 

(0.167, 0.200, 
0.250) 

Histogram (1,1,1) (0.167, 0.200, 0.250) 
(0.111, 0.111, 

0.125) 
(1,1,1) (1,1,1) (1,1,1) (5,6,7) 

(0.167, 0.200, 
0.250) 

Scatter diagram (1,1,1) (0.167, 0.200, 0.250) 
(0.111, 0.111, 

0.125) 
(1,1,1) (1,1,1) (1,1,1) (5,6,7) 

(0.167, 0.200, 
0.250) 

Flowchart 
(0.143, 0.167, 

0.2) 
(0.167, 0.200, 0.250) 

(0.111, 0.111, 
0.125) 

(0.143, 0.167, 
0.2) 

(0.143, 0.167, 
0.2) 

(0.143, 0.167, 
0.2) 

(1,1,1) 
(0.167, 0.200, 

0.250) 

Stratification 
(0.167, 0.200, 

0.250) 
(1,1,1) 

(0.111, 0.111, 
0.125) 

(0.167, 0.200, 
0.250) 

(0.167, 0.200, 
0.250) 

(0.167, 0.200, 
0.250) 

(4,5,6) (1,1,1) 
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Table 4. 
Defuzzification, normalisation and ranking of the factors. 

Tools and 
techniques 

Fuzzy geometric mean value Fuzzy weights 
Centre of 

area (COA) 
Normalise Ranking 

Pareto chart (1.351, 1.454, 1.569) 
(0.115, 0.131, 

0.153) 
0.133 0.132 2 

Cause-and-effect 
diagram 

(0.369, 0.339, 0.482) 
(0.0314, 0.0333, 

0.0471) 
0.037 0.037 4 

Check sheet (6.169, 6.839, 6.839) 
(0.525, 0.617, 

0.669) 
0.604 0.599 1 

Control chart (0.594, 0.636, 0.695) 
(0.0505, 0.0574, 

0.0679) 
0.059 0.058 3 

Histogram (0.594, 0.636, 0.695) 
(0.0505, 0.0574, 

0.0679) 
0.059 0.058 3 

Scatter diagram (0.594, 0.636, 0.695) 
(0.0505, 0.0574, 

0.0679) 
0.059 0.058 3 

Flowchart (0.184, 0.208, 0.298) 
(0.0157, 0.0188, 

0.0291) 
0.021 0.021 5 

Stratification (0.369, 0.339, 0.482) 
(0.0314, 0.0333, 

0.0471) 
0.037 0.037 4 

 
The FAHP method is used as a multi-criteria decision-making tool. The criteria and the factors are 

assigned estimated weights based on their perceived importance. They are then compared, and 
calculations are done. Data collection has the highest ranking and is perceived to be of greater 
importance when compared to the other criteria. A check sheet (a data-collection tool) is also perceived 
to be of greater importance in comparison to the other factors. 

Table 5 presents the proposed TQM framework for the NOC. 
 
Table 6. 
The TQM framework for the NOC. 

Tools and techniques Properties Uses in the NOC 

Check sheet 
Data collection, problem-
solving, process 
improvement 

To collect the following data: 

• Record number of link failures per 
day/week/month 

• Record failed transmission devices 
per day/week/month 

• Traffic per aggregation node 
day/week/month 

• Traffic per core node 
day/week/month 

• Record packet loss 

• Record availability of the 
transmission network 

• Record link traffic 

• Record number of incidents 

• Record mean time to repair/restore 
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faults 
Record mean time to acknowledge 
escalated faults 

Pareto analysis 

Data visualisation, data 
analysis, problem-
solving, process 
improvement 

To list top issues on the transmission 
network: 

• Packet loss 

• No throughput 

• Latency 

• Network availability 

• Congestion 

• Transmission-device failures 
Link failures 

Histogram 

Data visualisation, data 
analysis, problem-
solving, process 
improvement 

To visualise: 

• Traffic per aggregation node 

• Traffic per core node 

• Availability of the transmission 
network 

• Failure of links 

• Failure of transmission devices 

• Packets loss 
The trouble tickets, i.e., open vs closed 

Cause-and-effect diagram 
Data analysis, problem-
solving, process 
improvement 

Used to identify the root causes of issue 
that contribute to failures on a transmission 
network such as: 

• Human error 

• Technical factors 

• Lack of maintenance 

• Environmental factors 

• Vandalism 
Degradation of transmission links 

Flowchart 
Data visualisation, 
problem-solving, process 
improvement 

Used to document the processes in the 
transmission network surveillance and fault 
management process. Uses: 

• To train employees 
For continuous improvement of processes 

 

4. Results and Discussions 
The use of FAHP allows for a decision to be made on which TQM tools and techniques are best 

suited for the TQM framework to be developed for the NOC. The goal is to determine which TQM 
tools and techniques can be used for the TQM framework. The criteria and factors were selected and a 
pairwise comparison and calculations were conducted. The results indicated which criteria and factor 
were of a higher ranking, indicating the importance to both the development of the TQM framework for 
the NOC.  

Using the literature, properties of the TQM tools and techniques were found. These fit in with the 
NOC processes, being network surveillance and fault management. The properties that are common in 
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all or most of the TQM tools and techniques are given a higher weight, using the TNF number from 
the FAHP method. 

An FAHP was used because it caters for the imperfection of the analysis by reducing uncertainty, 
vagueness, imprecision, and the subjectivity of the expert’s conclusion. Once the properties were 
assigned values, matrix calculations on the characteristics which are criteria in the FAHP analysis. This 
was done to see which criteria ranked higher. The factor ranked higher showing the importance of that 
factor in the framework developed. 

The results of the criteria pairwise comparison revealed that data collection has a higher ranking. 
Data collection needs to be a priority in the framework because, without good data, no problems can be 
identified, visualised, analysed, and solved and processes will not be improved. The factor criteria 
ranking is seen in Figure 3. 
 

 
Figure 5. 
The ranking of the criteria using FAHP. 

 
The ranking of the criteria are the properties of the TQM tools and techniques. The same was done 

for the TQM tools and techniques; they are the factors in the FAHP analysis. The TQM tools and 
techniques that had many properties were ranked higher and the one with the fewest properties scored 
the least. These weights were used in the matrix calculations, which resulted in the ranking of the tools. 
The TQM tools and techniques that ranked the highest formed part of the TQM framework developed 
for the NOC. The results from the matrix calculation yielded factors with the same values. The 
researcher selected only one tool or technique based on the ease of use in the NOC environment. This 
judgement is catered for in the use of FAHP, as it is used in cases where there might be subjectivity 
based on the expert’s conclusion. 

Process improvement is ranked last, showing it is of lower priority than the other criteria. This 
however does not imply that it is of no importance in TQM. Existing studies indicates that process 
improvement is necessary for quality improvement and reduction in waste or other non-value adding 
activities [52], [53], [54]. There is also a concensus among existing studies that the implementation of 
TQM can improve the cost-efficiency, adaptability, performance, productivity and competitiveness of 
organisations [56], [56], [57], [58], [59], [60]. 
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The results of the factors’ pairwise comparison revealed that a check sheet has a higher ranking. A 
check sheet is a data collection tool, which coincides with the results found for the criteria listing data 
collection of high ranking. A flowchart was ranked last; this is a process improvement tool. The factor 
ranking is seen in Figure 4. 

 

 
Figure 6. 
The ranking of the criteria (factors) using FAHP. 

 
The study by Brkic et al. [10] refutes the findings of the research, by small margins. The difference 

in the findings could be linked to the study being conducted in industrial firms. 
When converting the factors, they used the percentage and we get the following: 

• For problem-solving, a form of collecting data, is ranked at 28.3%, histogram at 76.1%, Pareto 
chart at 73%, cause-and-effect diagram at 61.4%, and flowchart at 28.5%, while data-processing 
and analysis is at 22.8%. 

• For improvements, a form of collecting data, is ranked the highest at 32%, histogram at 21.5%, 
Pareto chart at 18.4%, cause-and-effect diagram at 44.7%, and flowchart at 54.9%, while data-
processing and analysis is at 19.7% [10]. 

The results of this research are, however, supported by: 

• Castello et al. [18] who used the Likert scale. They rated a data collection template at 76%, data 
analysis at 65% and process improvement and problem-solving at 55%. Data visualisation is not 
included in their ratings. They, however, rate a flowchart higher than the other tools and 
techniques, at 78%. Though the rating of the other tools is ranked like those found in this study, 
what varies is the percentage value. A Pareto chart at 70.5%, a histogram at 65% and cause-and-
effect diagram at 67% percent. A check sheet is not included [18].  
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• According to Ali and Johl [22], quality management is dependent on data collection along with 
evaluation and decision-making. This is needed to address and solve problems. Quality data and 
analysis form an integral part of TQM infrastructure [22].  

• An Uluskan [16] study states that the most frequently used tools are graphical analysis (which 
essentially involves transforming collected data into a visualised representation), a flowchart 
and a histogram; and the commonly used problem-solving tools are cause-and-effect diagrams 
and Pareto analysis (Pareto chart) [16]. 

This substantiates why these TQM tools and techniques form part of the TQM framework for the 
NOC. The TQM framework for the NOC for network surveillance and fault management utilises the 
properties of the TQM tools and techniques, namely, data collection, data visualisation, data analysis, 
problem-solving and process improvement. On the framework, the tools are laid out in the order of 
importance per characteristic and a recommendation is made of how the NOC can use these tools in the 
transmission-network surveillance and fault-management processes. 

Figure 5 shows the data points which summarises the number of literature that supports the 
implementation of TQM in organisation including their area of focus. A total of forty-five (45) articles 
that satisfied the inclusion criteria were reviewed in this study. 

The data points shows the relevance of the TQM implemtation in organisations. However, some 
literature highlighted the need for proper planning, change in organisation’s culture, deployment of 
adequate resources, continuous training and education, continuous monitoring and review, as well as 
commitment by top management as factors necessary for the successful implementation of TQM in 
organisations [52], [54], [56], [60]. 
 

 
Figure 5. 
The data points that supports the implemtation of TQM in organization. 

 

5. Conclusion 
The aim of this study was to study develops a total quality management (TQM) framework for 

mobile network operation centres (NOC) to aid in network surveillance and fault management processes 
for a 5G transmission network. This was achieved with the aid of a systematic literature review 
conducted using academic articles in journals and conference papers sourced from the EBSCOHost 
database. The articles reviewed in this study found that TQM has evolved and is the extension of work 
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done. The finding was that companies need a proper strategic roadmap along with suitable tools and 
techniques to ensure the successful implementation of TQM. Having the right organisational culture, 
company structure and resource support helps to improve the effective implementation of TQM. 
Furthermore the FAHP was used as a multi-criteria decision-making tool to determine which criteria 
and factors are of the highest ranking for the development of the TQM framework. The results obtained 
indicated that data collection and control sheets were ranked higher, making them critical to the 
framework. This shows that, without good data, no problems can be identified, visualised, analysed, and 
solved and processes will not be improved. Process improvement is ranked last, showing it is of the 
lowest priority when compared to the other criteria. 

The developed framework can be used in the following manner: 

• It should be documented. 

• The NOC staff should be trained to use it. 

• All data should be recorded as per framework. 

• The data should be translated into visuals. 

• Once the data is in graphs, it can be analysed. 

• The tools for problem-solving can then be applied to solve problems identified. 

• The process flow should be documented. 

• The process flow should be followed practically to see where it needs improvement. 
Data collection is critical; without it there is no data visualisation or analysis. Problems cannot be 

solved and processes cannot be improved. The quality of data collection is critical to the framework 
developed. 

This research contributes to the existing body of knowledge, with the focus being on the NOC in 
telecommunications. It also contributes to the understanding and use of quality TQM tools and 
techniques in telecommunication NOCs. The development of a TQM framework for the network 
operations centre adds value in the running of the department efficiently and, more importantly, will 
meet the needs of customers. Thus, the proposed TQM is therefore recommended for implementation 
by NOC. If the proposed framework is rightly implemented, telecommunication organisations may reap 
benefits, such as customer satisfaction, improved processes in network surveillance, fault management, 
improved decision-making and processes in general, giving the business a competitive edge. 

The limitation to the study is that there was a lack of primary data. Secondary data was also scarce, 
since telecommunication is in the service industry. Articles in the service industry were considered in 
the study. To avoid such limitations, primary data can be sourced using a questionnaire for the NOC 
staff who do network surveillance and fault management of the transmission network. Future research 
can be done on an off-the-shelf application that automates TQM tools and techniques. Applications that 
can communicate with the transmission devices and are able to collect the data from devices, analyse 
them and visually display them on a dashboard in the form of TQM tools and techniques, i.e., a 
histogram, scatter diagram, and check sheet, etc. 
 
Copyright:  
© 2024 by the authors. This article is an open access article distributed under the terms and conditions 
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 
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