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ABSTRACT 

As competitive strategies shift to the area of quality management, this 
research seeks to predict contributions of input variables to quality 
outcome.  The research was conducted using 7-Up Bottling Company 
Plc; Aba. Data relevant to the study were secondary data from past 
company production records. However, observation of manufacturing 
processes was done in the course of the study to enhance 
understanding of production and quality control processes. A random 
sample was analysed into human related input factors, such as 
education and experience of workers charged with the respective 
batches. Since these human factors are not quantifiable, surrogate 
variables were used. The study data were analysed using statistical tool 
of regression. The result gave rise to a regression formula that relates, 
inversely, contributions of education and experience to percentage 
defect. The F-test and t-tests were used to determine the significance of 
contributions of the variables collectively and individually. The research 
shows that a mathematical model can be found that relates contributions 
of input factors which allow adjustment before the actual production so 
as to achieve desirable outcomes. It is, therefore, recommended that 
such studies be carried out regularly for planning and scheduling 
purposes to achieve cost reductions.            
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

In recent times quality has taken the upper stage as an area of 

competitive strategies in meeting customers’ requirements by 

organizations as finance and technology become more accessible to 

them. According to Gratton (2002), the main source of competitive 

advantage in the past decades may have been access to financial 

resources or the use of technology; these resources are now viewed as 

being necessary but not sufficient. For many companies, the source of 

sustained competitive advantage rest not only with the access to finance 

or capital but with the organization, that is, people capable of delivering 

the “customers delight” or rapid innovation that will place a company 

ahead of its competitors. 

 The quality movement has undergone evolutionary changes from 

quality control in the 1970s to quality system in the 1980-1990s resulting 

in new concepts and new productive systems. Systems that have 

evolved include total quality management, just-in-time production 

systems. The objective has been to achieve customers’ requirements at 

the minimum cost. 



 

 

 As customers needs and tastes change so are the strategies for 

quality at the minimum cost. According to Kanji and Yui (2004), 

customers’ expectations will continue to rise and the ability of the 

organizations to match those expectations must rise as quickly as 

possible through continuous improvement. There is no room for 

complacency as customers’ satisfaction produce long term sustainable 

profit. 

 The market is getting increasingly competitive and uncertain due in 

part to globalization, corporate restructuring, innovations, and economic 

instability. This scenario calls for cutting-edge ideas to remain afloat in 

business through satisfying people’s requirements at minimum costs. 

 A survey of firms’ ability in coping with these times shows that the 

use of quality is absolutely critical. Among the reasons given are the 

primary buying argument of satisfying the ultimate customer, reducing 

cost, and improving flexibility and responsiveness. It has not been 

possible to predict the contributions of resources to quality before they 

are used as inputs in production processes.  

 This research work is about interpreting and doing things in newer 

and better ways in a tough world in which every firm is trying to outdo the 

other and maintain such position. 



 

 

 When we talk of input variables, we are alluding to such things as 

quality of raw materials, quality of equipment, and quality of personnel 

(in terms of education and experience) which can impact positively or 

negatively on the quality outcome of products. 

The problems of product quality centre around how to achieve 

desired quality level at the lowest possible cost and time .The higher the 

quality cost the higher the production cost and less competitive the 

organization will be (Juran & Gryna: 1993). Quality costs which are often 

underestimated by most managers are eating deep into the profits of 

organizations. Experts put them a little in excess of 20 percent of cost of 

goods sold, given that quality comes out right as initially planned or 

appraised. If this is the case, what then would be said of the costs of 

poor quality, that is, when quality does not come out as initially 

appraised? When we talk of poor quality we have to consider explicit 

costs and implicit costs. In total, we have three categories of quality 

costs, namely: preventive costs, normal costs, and hidden costs. Hidden 

costs cover abnormal losses in products due to poor quality to losses in 

good will and litigations where applicable.  

        However, when it was discovered that preventive costs constitute 

very small percentage in relation to the total costs, scholarly attention 

shifted toward the possibilities of increasing preventive efforts. A new 



 

 

dimension of preventive efforts is in the realm of predictive efforts. 

Questions are now being raised on the traditional methods of achieving 

this objective. For instance, inspection, which costs a lot of money and 

time, has the role of sorting good from bad in a production lot in order to 

ensure customer satisfaction by compliance with internal and external 

contractual requirements. The process does not prevent the production 

of bad products. To put it better, quality cannot be inspected into a 

product, and inspection to sort good from bad does not prevent bad ones 

from being produced but rather to remove bad ones from the lot already 

produced. Inspection itself is never perfect and high levels of inspection 

increase costs. These traditional method of quality control and indeed 

cost control can rightly be described as management by exception. That 

is management based on information on what has already happened. 

Standard quality, standard cost, and variances analysis are designed to 

provide management with information on how actual performance 

departed from normal or standard. Exception reports are used to devise 

corrective measures to prevent reoccurrence of excessive deviations. 

 However, exception report is an after-the –fact information and is 

no longer adequate. Exceptions, even thought they provide lessons 

learned, they also constitute opportunities lost and wasted. A system of 

control that corrects exceptions or variances before they occur is more 



 

 

desirable. Such a system is described as management by prediction or 

predictive management as opposed to management by exception. By 

drawing from past experience and available data, a management 

scientist can described business outcome by mathematical models that 

permit deductive reasoning which is useful in determining what to do 

about a problem before it occurs. At the same time management learns 

from results how the decision should be modified and this knowledge is 

added to the store of experience upon which future decision may draw. 

 The goal of a predictive manger is to develop and increase 

understanding of the interrelationship among the multiple factors in 

management problems. From the knowledge of causal relationship he 

derives ability to direct the enterprise toward its goals. Predictive 

management is a concept which the decision maker employs to 

establish what is going to be the result of actions taken, how these 

results will be accomplished, what alternatives are available, and the 

conditions under which a decision to implement an alternative should be 

made. Regression analysis is a good tool for a predictive manger. 

 Regression is the use of empirical data for development of 

mathematical function relating values of one factor to value(s) of one or 

more factors. The technique can be used to relate input factors to quality 

levels and be able to know in advance through regression analysis what 



 

 

quality level to expect given various input factors and adjust these 

factors to result in what is needed by management. This is tantamount to 

predicting quality problems before they occur and adjusting the relevant 

factors accordingly. To put it clearer, if we know which factors are the 

most important ones in producing variability in the quality of output and if 

we know to what extent variation in a factor has caused variation in 

quality of output, then we may, by controlling the variation in the factor 

control variation in quality of output. In this research, Seven-Up Bottling 

Co. Plc, Aba Nigeria has been used for the study because of its 

international recognition in the soft drink business where quality is highly 

prized. Profile of 7-Up Bottling Co. Plc and its operation processes are 

given below. 

 

1.1.1  Profile of 7- Up Bottling Co. Plc. Aba  

 7-Up Company is a house-hold name in the soft drinks business. It 

produces soft drinks of different brands which includes: Pepsi-cola,      

7–Up, mirinda orange, team lemon, mirinda tonic, mirinda pineapple, 

and host of others. Its competitive strategies are felt everywhere, 

including promotional raffle draws. 

 The company was established by G.L. Greek a one time distributor 

of soft drink brand called “HOWDAY” in the United State of America. In 



 

 

the course of performance of his study, he developed an ambition of 

producing soft drinks of his own to compete with others in the business. 

He branded his own ‘7-up’. In Nigeria Sheik M. Elkhali, a Lebanese 

shipping manager in 1959 got the patent and federal right to bottle 7-up 

drinks in Nigeria on 1st October, 1960 when Nigeria got her 

independence. For this reason 7-up bottling company adopted green 

and white as the colours of its emblem which are also the colours of 

Nigeria Coat of Arm. He first produced 24 crates, which barely sold off 

since it was a new product in the market against the backdrop of well 

established competitors in the soft drink business. When the market 

eventually improved for the company, its biggest plant was built in Ijora 

in Lagos State and this place has remained the administrative 

headquarter ever since. Later, other plants were established in other 

states of the country. These include Aba plant, Ilorin plant, Ibadan plant, 

Kano plant, Kaduna plant and Benin plant. It is one of the biggest 

employer of labor in organized private sector. 

 The Aba plant is an imposing stretch of buildings located on a road 

that branches northward from east-bound road leading to Ogbor-hill on 

crossing Aba-river bridge. The quality control manager, reports directly 

to the plant manger emphasizing the importance of quality. 

 



 

 

1.1.2   Operation Description 

 Interactions with customers happen at the marketing department 

which collates their demands and in conjunction with trends and 

seasonal averages build up production orders in the form of number of 

crates of the respective products. These are sent to the production 

manger for action. The production manger breaks the order (in crates) 

down into production units which are passed down the line. For instance, 

orders of 400 crates, 2000 crates, etc come from the marketing 

department. Each crate has 24 bottles of 30cl, 35cl, or 50cl each (liquid 

content) where ‘35cl’ means 35 centilitres. 

 Production tanks vary from 5,000 litres to 24,000 litres capacity 

which constitutes the batches when in use for production. The batches 

have batch numbers, day and time of production, so that any time fault is 

detected internally or externally the concerned batch can be traced 

investigated and possibly withdrawn. 

 

The operation of the company can be described in three stages;  

 Gathering raw materials and certification by quality control as 

suitable 



 

 

 Processing of raw materials to a homogeneous product mixture 

and   certification by quality control as having met standard. 

 Filling, corking and packaging of finishing products. 

 The company experiences losses during production. Losses are 

classified into set-up losses, normal losses, and abnormal losses. Set-

up losses result from materials that are used to clean the system in use 

to avoid contaminations from previous products. This is usually the case 

where the number of product lines out-number the available production 

lines. 

 Production losses are usually calculated in percentage defects. 

Above 1.5 percent defect for a batch is abnormal. These losses occur 

mostly from the third stages of operation, that is, during filling, corking 

and packaging. These losses result from contamination, overfill, shortfill, 

bottle and cork cracks.  Productive activities at this stage are done 

mechanically. However, four workers are stationed to man the 

machines at each of the three shifts. Samples of the product are 

constantly taken and analyzed for defect so that any problem can be 

arrested immediately. Causes of abnormal losses are often time due to 

human errors, such as wrong balancing of pressure, and so on. The 

company operates three shifts: morning, afternoon and night and makes 



 

 

an average of three batches per shift. This means that same workers 

cannot be there during the three shifts. Infact, workers work as per shift 

posting or duty roaster. 

Quality Level of A Batch   

 Confirmation that a batch has met the standard is done at the 

tanks before approval is given for filling, corking and packaging. There is 

established quality standard for every product line of the company. 

However, equally critical to quality is what happens at the third stage of 

production which constitute filling, corking and packing. There are 

problems of overfill, shortfill, bottle and cork   cracks, contamination, etc. 

Problems are arrested at any point they are detected. Quality levels are 

measured in terms of percentage defects. Up to 1.5 percent defect is 

normal and above is abnormal. 

 A unit product consists of liquid content with its bottle, say 35cl 

bottle. A crate has 24bottles. Therefore a batch of expected 2,000 

crates and with 1 percent defect has 20 crates loss and 99 percent 

success of 1980 crates. However since losses are estimated in 

percentages, the size of a batch is irrelevant in this research. Therefore 

the lower the percentage defect, the higher the quality level of the 

batch. 



 

 

1.2 STATEMENT OF THE PROBLEM 

 A lot of resources are wasted before the requirements of 

customers are met given the existing quality management practices 

(Juran & Gryna: 1993). The existing concepts and practices do not 

emphasize efforts at predictive management. This is because it is 

considered difficult to predict the contributions of resources to quality 

before production. 

 This is a global problem because every company experience 

enormous wastes and losses due to absence of predictions. However, 

the amount of wastes and losses vary from company to company. These 

affect organizations competitiveness in varying degrees. It is the gap 

created by lack of prediction to product quality that this research is 

seeking to address. 

 The following analogy correctly depicts the statement of the 

problem for this research. In the past American Presidential elections, 

the pre-election polls were so accurate that one could easily suggest that 

in future, America could save money by not conducting elections but 

rather by using the popular pollsters to coronate president. In the same 

vein, can a quality predictive tool be found based on input factors that 

would give result nearly as accurate as the actual quality outcome of 



 

 

items when produced? If answer is yes, then such a system has the 

potential of minimizing cost of quality and by extension cost of overall 

production. Cost of quality include: preventive cost, appraisal cost, and 

hidden cost (page 35).  

 In the case at hand could it be that human factors such as poor 

education and lack of experience relate to losses? If yes, how much are 

the contributions? The goals of this research is to use regression 

analysis to see if there is relationship between levels of education and 

experience and final quality outcome.  

 

1.3 OBJECTIVES OF THE STUDY 

 The main goal of the study is to reduce the cost of quality through 

predicting input resources contributions to product quality and adjusting 

them before actual production for efficiency in resources management 

and also as a competitive strategy.  

To be able to achieve the main goal the following objectives are 

necessary,  

a) to investigate the contributions of input factors to product quality, 

b)  to determine significance of individual factor input contribution, if 

any, to quality outcome. 



 

 

c) to determine significance of joint contribution, if any, of input 

factors to quality outcome. 

d) to predict quality problems before they happen to guide 

management decisions. 

 

1.4 RESEARCH QUESTIONS   

 The following research questions are pertinent to the above 

objectives of the research: 

1. Is it possible to do the right thing first time and always eliminate 

mistakes and reduce waste of materials as demanded by TQM 

concept?  

2. Can there be quality level of input resources that can result in 

certain quality outcome? 

3. Given at least WASC level of education and experience of certain 

workers, can quality outcome be predicted, other things being 

equal? 

4. What are the causes of production losses in soft drink business? 

5. Can these losses be categorized into raw material related, process 

related and human related? 

 

 



 

 

 

1.5 RESEARCH HYPOTHESES 

1 Ho: Human-related factors, namely: education and experience 

  have no significant relationship with product quality. 

2.     Ho: Education alone has no significant relationship with product 

quality. 

3.     Ho: Experience alone has no significant relationship with product 

quality. 

 

1.6 SIGNIFICANCE OF THIS STUDY 

 This research will enlighten future researchers of the enormous 

need for preventive oriented management in total quality management 

and sensitize management practitioners of the possibilities of problems 

prevention with the potent tool of regression analysis. It will provide 

reference for on-coming researchers and students and sharpen the 

minds of those who may want to delve into predictive management. 

Business practitioners and competitors will benefits by the use of the 

mathematical model enunciated in this research or similar models to 

considerably cut down cost of meeting customers quality requirements. 

This could translate into brining down unit price of goods.    



 

 

 

1.7 SCOPE OF THE STUDY 

 Given the concept of total quality management (TQM), all the 

activities of an organization impact on the quality of its products. This 

implies that all the factors that affect product quality are many. These 

factors can be categorized into raw materials related, equipment related, 

and human related. 

 However, in this research attention could not be  focused on all 

these categories. The research was carried out at 7-up Bottling Co. Plc, 

Aba. 

 



 

 

CHAPTER TWO 

REVIEW OF RELATED LITERATURE 
 

In this chapter, review of existing knowledge on the subject of research 

was carried out. The areas that are most relevant include total quality 

management, especially as it affects costs, management by exception, 

predictive management, and regression analysis.  

 

2.1     TOTAL QUALITY MANAGEMENT (TQM): DEFINITION   

Total quality management is a system of coordinated activities which 

prevents the manufacture of product from deviating from what is 

expected by the typical customer. Although there is usually a department 

charged with quality control, the function permeates the entire activities 

of the organization right from the product design stage, purchase of raw 

materials, vendor assessment, manufacturing process, choice of 

machine and equipment to hiring and control of labour, organizational 

structure, disciplinary measures, packaging, labeling, etc. 

  

2.1.1   BACKGROUND OF TOTAL QUALITY MANAGEMENT (TQM)  

It began through the fusion of ideas of three American management 

gurus, namely; Deming, Juran and Croby, with traditional Japanese 

culture and can be summed up as a philosophy of looking for continual 



 

 

on-going improvement, (Webley and Cartwright: 1996).  

As post war strategy to recoup losses, improve productivity and 

enhance quality of life, statistical quality control, training and widespread 

dissemination of the philosophy of these gurus among the Japanese 

firms lead to managerial discoveries like quality circles, supplier 

partnership, just-in-time production, flexible manufacturing system.  

The success of the quality initiation lead to the application of the 

philosophy to non-manufacturing functions such as production 

development, purchasing and billing with varied application in service 

organizations., By the end of 1970s and early 1980s, Japanese 

manufacturing quality have started overtaking or equaled the American 

and European in the world market along with lower prices, Quazi (2004).  

The feat made possible by Japanese scientist and engineers 

rattled the American and Europeans forcing them to look inwards at their 

managerial practices characterized by elitist leadership, autocratic 

authority structures, lack of innovation, declining product quality, 

adversarial relationship with customer and employees, inadequate 

training and general complacency.  

Quality therefore became a strategic issue for business 

organization in the 1990 with its definition simultaneously encompassing 

improvement in cost position, delivery performance, and time to market 



 

 

and responsiveness to changes in the market place.  

 

According to Benneth and Kerr (2001), it is a common 

denominator for business survival and the key success factor upon 

which the success of many Eastern companies depend.  

Total Quality Management has been touted to be successful, but 

some management scholars and practitioners have this to say, that the 

principles commonly accepted in defining Total Quality Management are 

not unique to Total Quality Management but are part of many other 

organizational change initiatives or good management practice. At best, 

Total Quality Management may be viewed as an alternative focus on a 

common set of management principles derived from a statistical base 

and worst another management fad, (Boaden: 2005). 

There is empirical evidence to suggest that Total Quality 

Management has indeed failed, as put forward by critics. Burr (1996) 

says, "Total Quality Management is nothing new". Larson and Sinha 

(1995) indicate that the Total Quality Management failure rate is 

alarming and disheartening. Graham and Stewart (1992) see Total 

Quality Management as survelliance and peer pressure which can be 

characterized as kind of Orwellian social control.  

Similarly, Webley and Cartwright (2002) see Total Quality 



 

 

Management as a form of managerial control which minimizes labour 

control and lead to an oppressive intensification of work.  

 

Finally, Huczynski (1995) see Total Quality Management as 

another management philosophy with new name representing new wine 

in old bottles; therefore not a cure-all as advocated by some 

practitioners.  

While the evidence on the successes of Total Quality Management 

is less than encouraging, it is clear that if implemented according to its 

principles, it will involve a transformation of the psyche of responsibility, 

the outcome which will be continuous improvement and meeting or 

exceeding customers requirement.  

 

 2.1.2  THE CONCEPT OF TOTAL QUALITY MANAGEMENT (TQM)  

The root of quality management can be traced by practitioners to 

Frederick Taylor scientific management. Others argue that the 

fundamentals of Total Quality Management date back to the Penny's 

idea of 1913 which was build on the seven tenets, encouraging customer 

satisfaction, fairness, quality, value, training, reward for performance and 

continuous improvement - these are attributes of Total Quality 

Management, Youssef et al (2003).  

Total Quality Management therefore is a management system 



 

 

involving changing the attitude and priorities of the day-to-day 

operations. Everyone in the organization is always striving to provide 

products and services that consistently meet or exceed their customers' 

expectation. It is a set of integrated philosophies, tools and processes 

used to produce long term sustainable profit, delighted customers and 

happy employees.  

As Anune (2002) rightly observed, Total Quality Management 

concept has been challenging conventional wisdom on how to manage, 

as it focuses on the customer, employees and team instead of the 

owners, managers and individuals  

Essentially, Total Quality philosophy teaches people how to 

reason, about their behaviour vis-à-vis their customers in today's 

customer-driven world, Chakraborty (2002). The concept therefore 

serves three main tasks of Quality Maintenance, Quality Improvement 

and Quality Innovation. Also, found underlying this philosophy are nine 

key psychological processes: Identification, Equity, Equality, Consensus, 

Instrumentality, Rationality, Development, Group dynamics and 

Internationalization, ( Webley and Cartwright: 2002).  

Of all these analysis, four key elements have been discovered to 

form the foundation of Total Quality Management, namely people, 

continuous improvement, process, and customer.    



 

 

 

2.1.2.1   People  

Total Quality Management empowers people so that business 

goals can be achieved through team work since problem solving focused 

on quality improvement takes place in groups: it is important that 

members understand the various element of group dynamics.  

The task of the team will however involve cooperation with 

conflicts managed to stimulate creativity and participation. It is therefore 

imperative that training on how to communicate, interact and meet 

effectively be done such that active participation in continuous 

improvement .of product and processes is achieved. Oakland and 

Oakland (2003) gave credence to the critical factor of people in quality 

management by saying: “…but if nobody does it, all you have is a 

theory…” Also, Anand (2005) observed that top management 

commitment is necessary but not sufficient for Total Quality Program. 

What is sufficient he opined, is large number of employees at 

supervisory and operative levels who are psychological owners of the 

program. Baker (1998) revealed that the responsibility for quality lies 

mostly with all employees rather than with single manger director.  

Organizations reporting superior business result and achieving 

unparalleled level of customer satisfaction place great emphasis on 



 

 

value of people working together in team, effectively managed, involved 

in, informed about, motivated and committed to meet or even exceed 

customers requirement, (Oakland and Oakland: 2003),  

(Charkraborty: 2002).   

 

 2.1.2.2  Continuous Improvement  

This is based on:  

 Constantly examining what one is doing and seeing if there is a 

better way of doing it. This is achievable by proper knowledge of 

the business and the method of doing the work.  

 Encouraging everyone's involvement through teams to make their 

contribution.  

 Working with the requirement of the customer being of uppermost 

consideration.  

 Learning from mistakes made in the course of meeting customers 

expectation.  

 Causing change to occur to enable the firm remain flexible in a 

turbulent business environment, Boarden (2005), Anune (2002).  

Continuous improvement according to Price and Chen (2006) involve 

three very important steps: process control where deviation between 

what is desired and produced is minimized; reactive improvement that 

aid to identify what could possibly be done to make the product more 



 

 

useful to the customer; proactive improvement which enable 

improvement to be carried out by working at new opportunities. Martin 

(2006) has equally opined that for continuous improvement to be 

reflected, the theory of constraint management must be applied through 

the following steps:  

 Identify the system constraint  

 Subordinate everything else to the above decision  

 Decide how to exploit the system constraint  

 Elevate the system constraint  

 If constraint has been broken, go back to step 1 but don't allow 

inertia to cause a system constraint.  

The process he states stretches across department and highlights 

opportunities for true cost reduction which must still be aimed· at 

improving organizational performance such as cycle time, response 

time, quality level, productivity and delivery capability.  

 

 2.1.2.3    Process  

This is hinged on the twin process of problem solving and quality 

improvement process which provide team with the tool and common 

language for continuous improvement.  

Anune (2002) has identified a model and five tools for problem 

solving. These are: idealizing, bench-marking, process (ownership) 



 

 

analysis, work unit analysis, quality function.  

The model is based on reactive problem solving (applied research) 

where: 

 Someone describes a problem 

 Collects facts 

 Forms an hypothesis 

 Performs casual analysis 

 Proffers solutions 

 Tries one solution 

 Records result 

 Evaluates solution 

 Publishes .solution for test by others  

 Reflects on what is learned.  

The model is also based on proactive problem solving (basic 

research) which involve sensing opportunities and collection of 

information. In further analysis of the problem-solving model Anune 

(2002) and Price and Chen (2006) have concluded that the reactive, 

proactive problem solving relates to innovation or breakthrough.  

The other process of quality improvement (QIP) focuses on 

customer and its requirement by narrowing the requirement to a 

specification thereafter to defined work process.  



 

 

 

2.1.2.4    Customer  

This is the central focus to Total Quality Management. In his 

submission, Kanji (2004) confirms that:  

Customer satisfaction and competition are the most important reason for 

Total Quality Management.  

In a related study carried out by Matta et al (2003) it was analyzed 

that Rank Xerox business plan calls for helping their customer to 

succeed in their own business activities, thus customers business plant 

becomes a component of the ones being formulated by Rank Xerox.  

Partnership with customers can also form barrier to entry by making 

organization to be in tune with its customers needs and thus more 

responsive. Critical to establishment of long term partnership are 

information exchange and trust building measures through participation 

in design and development of new product, long term and stable 

contracts, extended and life long warranties on product and services and 

active participation in strategic planning.  

The recognition that customers' satisfaction brings long term profit 

has enabled Kano (2004) to understudy the customer perception of 

quality and have categorized it thus:  

 Expected Quality:- It is something a customer expects and do not 

openly requires which when present, they are not dissatisfied but 



 

 

when absent customers are dissatisfied.  

 Satisfying Quality:- It is characteristic customers specifically 

request which when present, they are satisfied but when absent 

are dissatisfied. The quality satisfies but does not exceed their 

expectation.  

 Delightful Quality: It is something that is not requested because of 

lack of knowledge of existence. When present, customers are very 

pleased and when absent customers are not dissatisfied. Delightful 

quality exceeds customers' expectation and delights them.  

The understanding of the above quality will lead credence to the fact 

that it is the customers need that actually creates a product and not the 

technology or the raw materials, (Wisniewski and Donnelly: 2001), 

(Ruggeri and Merli: 2004).  However, this marketing philosophy that says 

‘it is the customers need that creates a product’ has been strongly 

challenged by the current trend in computer technology where 

technology actually creates a product and drives the market.   

Quality itself is complex and multidimensional. The quality of a 

product has meaning only when related to its functions. Aaker (2002) 

puts it thus that product quality can include dimension such as functional 

performance, durability, incidence of defect, reliability, serviceability and 

features.  



 

 

On the other hand, service quality may equally be looked at from the 

following dimension: appearance of facilities and people, service 

reliability, competence, trustworthiness, empathy, courtesy, and 

communication.  

Ultimately of course, quality is defined by customer expectation  

Wisniewski and Donnelly (2001), Wilkinson et al (2004), Levit (2003).  

 

The recognition that quality is a strategic issue in business has 

recently engaged the attention of all, making it an important denominator 

in securing a competitive advantage. This assertion has been confirmed 

by Belohlav (2005) and Quazi et al (2004) that the level of quality 

attained provides a firm with the potential to occupy a super ordinate 

position within the industry. Kano (2004) equally agrees that making 

quality the focal point of any firm will definitely allow the company to 

exert significant control over its own destiny.  

 

2.1.3   INSPECTION  

Inspection is part of the whole system of quality management. 

Ordinarily, quality control lays emphasis on preventing the manufacture 

of product from deviating from what is expected while inspection, on 

the other hand, is the process of "comparing" a product (already 



 

 

manufactured or semi-manufactured) with accepted specifications or 

quality limits.  

The role of inspection is to sort good from bad in a production lot 

in order to ensure customer satisfaction by compliance with internal and 

contractual requirements. Quality cannot be inspected into a product, 

and inspection to sort good from bad does not prevent defects. 

Inspection itself is never perfect and high level of inspection increase 

costs, result in loss of output, and may possibly cause additional scrap 

due to time lag between detecting the fault and discovering its origin. 

However, the amount of necessary inspection in industry can be 

drastically reduced by total quality management (TQM) or high level 

coordinated activities geared toward preventing the manufacture of bad 

product. 

 

2.1.3.1  INSPECTION: OVERSIGHTS AND CARELESSNESS  

The usual prescription for preventing these human errors involves rest 

periods, pleasant environment, separation of inspectors prone to 

conversation, better lightning, and rotation of kind of product inspected -

all of which unfortunately still do not prevent oversights. It is no wonder 

that some firms have made large expenditures for automatic inspection 

equipment. However, such equipment can pass large quantities or 

defective material if it can operate out of calibration undetected for a 



 

 

long enough period of time.  

The root causes of inspector mistakes were initially isolated by a 

long unusually objective study. Some of the causes were quite 

unexpected.  

 Not being aware of the limitations of the measuring method or 

reference standard 

 Incorrectly remembering the point of an interrupted inspection 

sequence.  

 Using unaided judgment in deciding to accept or to reject an 

anomaly on the product, not described by specifications.  

 Misinterpreting or not fully understanding an instruction.  

 Retaining the image of a feature repeatedly seen on a number of 

previous units.  

 Being hypnotized by seeing very familiar features.  

 Occasionally just handling rather than really inspecting the 

product.  
 

Some of the ways to minimize the above root causes include  

a.  Make each inspection supervisor responsible for:  

 Studying each measuring device, standard sample, and inspector's 

work area and tabulating (for the review of his superior) the 

particular quality characteristics of the product which are not 



 

 

evaluated adequately if at all by the present method. There is 

really no such thing as a blank list.  

 Advising the inspector of these limitations, discussing their relative 

importance, and setting up substitute ways of at least preventing 

gross cases of extensive lack of compliance whenever the quality 

characteristic is of more than trivial import.  

b. Furnish each inspector with an appropriate marking device or its 

equivalent and require that it always be used to denote any 

stopping point of inspection on the product. One's memory always 

seems reliable to him, but it actually is notoriously deceptive.  

c. Have each inspector get his supervisor's judgment on every 

unusually characteristic found on the product which has not been 

covered by the drawing specification, or inspection methods sheet. 

Hardly a day goes by when something unusual and not defined 

could not be questioned. It is necessary to keep the inspection 

supervisor on the floor easily available to his inspectors, rather 

than to have him writing reports, attending meetings, and the like, 

away from continuous contact with his people. Otherwise, 

inspectors will have to use unaided judgment in deciding to accept 

or reject something unusual in order to get their expected day's 

work done.  



 

 

d. Require the inspector to repeat back, in his own words, what he 

will do in following a supervisor's instruction just received. 

Frequently, some minor (and often major) points will have been 

misinterpreted or entirely misunderstood. Although sometimes it 

will be evident that the inspector was not completely attentive, it is 

often sobering to the supervisor to realize that at times he did not 

state what he wanted as clearly as he could have. A single 

instance of such lack of proper communication can result in a 

serious inspection error, as can the previous situations of using 

poor judgment, or incorrectly remembering where to resume 

inspection, and of naively expecting the available gage or 

conventional inspection method to detect all unusable product.  

e. Because the human eye at times retains a previous image, use the 

sense of touch to supplement the sense of sight.  

f. Never inspect one unit at a time visually and dimensionally, always 

line up and gage two or more units simultaneously. This prevent 

two of the most serious causes of inspector oversights:  

 Hypnosis. A generally unused but useful characteristic of the 

human eye is its ability to react quickly, to detect even minor visual 

dissimilarities among supposedly similar sides of two or more 

objects being inspected.  



 

 

 Mind wandering to any subject of momentary compelling interest, 

usually many times a day.  

 

2.1.3.2  INSPECTION'S RESPONSIBILITIES  

As particularly stated in Maynard (1971), quality responsibilities can be 

grouped into primary and secondary as shown below:  

 

Department Primary Secondary 

Engineering Use statistical analysis of current  

production result to determine 

realistic input/out tolerances for  

current specifications 

Add important currently 

missing specifications 

Manufacturing Make conforming product  

 

Segregate the non-

conforming product while 

it is being produced 

Inspection Pass conforming product  

 

Detect the non-segregate 

nonconforming product.  

 

Audit Confirm that typical customers 

can be expected to find all is well  

Detect the characteristics 

of the product not 

satisfactory to typical 

customers. 



 

 

This arrangement is necessary because on few occasions inspection 

rejects an item there will be time for an investigation to determine why 

the secondary and primary quality responsibilities of manufacturing were 

not discharged.  

2.1.3.3   GOODS-INWARD INSPECTION 

When suppliers’ goods such as raw materials or semi-finished 

goods arrive the user's end and are subjected to inspection to ensure 

that items are of the right quality and that standards were maintained, it 

is known as goods-inward inspection.  

 

2.1.3.4   GOOD-OUTWARD INSPECTION 

When inspection is carried out by a manufacturer before shipment, 

it is known as goods-outward inspection. However, goods-in-process 

can be inspected at any point in the production process to see if it is 

confirming, before reaching the final stage.  

 

2.1.4  OBJECTIVES OF QUALITY CONTROL  

Requirements for quality have increased in recent times, reflected 

in the growing government, public and industrial recognition of the need 

for increased product safety, dependability or reliability, and the 

protection against legal liability for inadequacies.  



 

 

Increasing costs and products complexities have added interest to 

methods of offsetting difficulties with such requirements. Quality control 

practices as a system of coordinated activities can contribute to 

surprisingly large savings. Therefore the objectives of quality control 

include the following:-  

 

 To attain the quality of design and conformance that will satisfy the 

customer on delivery and during subsequent use.  

 To achieve this at the lowest possible cost to the producer.  

 To meet the promised delivery dates.  

 To meet safety standards and other requirements of the regulatory 

agencies.  

 

2.1.5     FACTORS THAT AFFECT QUALITY  

2.1.5.1  People: 

One of the most important factors in achieving quality is that of 

having the right people at the job.  

This include:  

 Personality requirements (the ability to get on with people).  

 Skills, knowledge and experience, these include reading drawings, 

specifications and ensuring the correct proportions.  
 



 

 

2.1.5.2    Money 

Quality costs money and therefore the full cost of achieving quality 

and maintaining it should be estimated before the product goes into 

manufacture. Once production starts, strict budgetary control should be 

maintained so that any variations are noticed early. Quality costing 

techniques should be used to see that the cheapest method of control is 

used.  

2.1.5.3.  Management 

It is management's responsibility to set a company's quality policy, 

to provide the men, materials, and money to implement that policy and to 

see that it is subsequently maintained. Ultimately they decide what is 

required and provide the resources and incentive to carry it out.  

 

2.1.5.4 Materials 

Materials must be specified precisely and realistically. This is the 

responsibility of design, quality control and production departments. 

Orders must then be placed on a good supplier in sufficient time to allow 

delivery. They must then be checked on arrival.  
 

2.1.5.5 Machines and Equipment  

Equipment must be able to produce to the specified tolerance, be 

reliable, easy to use, and be well maintained.  



 

 

 

 

2.1.6  QUALITY CONTROL COSTS  

Most managers are familiar with and can relate quality costs to other 

functions of the organization, such as:  

 Quality costs as a percentage of sales.  

 Quality costs compared to profit  

 Quality costs per share of common stock  

 Quality costs as a percentage of cost of goods sold  

 Effects of quality costs on the breakeven point.  

However, it should be noted that these· costs that managers are 

familiar with and can relate with are mostly appraisal or obvious costs.  

Other costs exist that may result in underestimating the over all cost of 

quality especially, the hidden costs of poor quality. Hence, costs of 

quality control can be categorized into: preventive costs, appraisal costs 

and hidden costs. 

 2.1.6.1 PREVENTIVE COSTS 

These are cost incurred in keeping poor quality to a minimum through 

the following processes:  

 Quality Planning: This is the broad array of activities which 

collectively create the overall quality plan and the numerous 

specialized plans and includes the preparation of procedures 



 

 

needed to communicate these plans to all concerned. 

 New. Product Reviews: The costs of reliability engineering and 

other quality-related activities associated with the launching of new 

designs.  

 Process Control: Cost of in-process inspection and testing to 

determine the status of the process rather than the product 

acceptance.  

 Supplier Quality Evaluation: Cost of evaluation supplier quality 

activities prior to supplier selection, auditing of the activities during 

the contract, and carrying out associated efforts with supplier.  

 Training: Costs of preparing and conducting quality related 

training programs.  

 

 

2.1.6.2 APPRAISAL COSTS 

Appraisal costs related to the evaluation of purchased materials, 

services, process, intermediates and products to ensure conformity with 

the specifications.  

Appraisal costs include:  

 Inspection, checking and testing of incoming materials, process set 

up, running process, intermediates, final products and service and 

includes service/product performance appraisal against agreed 



 

 

specifications.  

 Quality audit:- the cost of checking that the quality system is 

functioning satisfactorily.  

 Inspection equipment: The cost of calibration and maintenance.  

 

2.1.6.3   HIDDEN COSTS  

These are costs incurred as a result of failure to meet quality 

requirement which existence are often not well estimated leading to 

understatement of the costs of poor quality.  

They include:  

 Potential lost: sales contracts are cancelled as a result of crises of 

confidence.  

 Costs of redesign due to quality reasons,  

 Liability: the results of product or service liability, litigation and 

other claims.  

 Warranty claims: failed products which are replaced under 

guarantee.  

 Extra manufacturing costs due to defects. These include additional 

costs for space, inventory charges, and overtime.  

 Scrap not reported: this may mean scrap that is never reported 

because of fear of reprisals.  



 

 

 Costs of changing manufacturing process due to inability to meet 

quality requirement.  

 Excess process costs for acceptable product, process for filling, 

packaging, and adjusting labels.  

 

2.2    JUST-IN-TIME PRODUCTION SYSTEM  

Just-in-time production system is a system that has great potential 

for minimizing quality problems. It however requires that daily operation 

be based on a careful analysis of information. A company would have a 

complete summary of demand information about different product types, 

and knows exactly how many of each type would be ready and when.  

Furthermore, the whole operation is· based on the repetitive 

manufacturing principle with appropriate just-in-time and quality control 

systems. Thus, the store uses just-in-time inventory control system. 

Instead of increasing the store capacity the company makes an 

agreement-with vendors to deliver fresh materials several times a day so 

that materials arrive just-in-time to be used for production. Therefore, the 

inventory cost is minimized.  

In the just-in-time operations system, the safety stock principle is 

non-existent. In other words, the safety stock is deliberately removed 

gradually, to uncover problems and their possible solutions. The 

available floor space is for workers and their necessary equipment, but 



 

 

not for holding inventory.  

   In the JIT production workers and their equipment are positioned 

so close that coordination is greatly enhanced. The absence of walls of 

inventory allows the owner and workers to be involved in total operation 

from greeting the customer to meeting their demands. Their tasks are 

tightly interrelated and everyone rushes to a problem sport to prevent the 

cascading effect of the problem throughout the work process.  

 

2.2.1  JIT Logic  

JIT (Just-in-time) is an integrated set of activities designed to achieve 

high-volume production using minimal inventories of raw materials, work 

in process, and finish goods. Parts arrive at the next work station "just-in 

time" and are completed and move through the operation quickly. Just- 

in-time is also based on the logic that nothing will be produced until it is 

needed.  

Need is created by the product being pulled toward the user. When 

an item is sold, in theory, the market pulls in replacement from the last 

position in the system. This triggers an order to the factory production 

line where a worker then pulls another unit from the preceding station in 

the flow to replace the unit taken. This preceding station then pulls from 

the next station further up and so on back to the release of raw 

materials. To enable this pull process to work smoothly, JIT demands 



 

 

high levels of quality at each stage of the process, strong vendor 

relations, and a fairly predictable demand for the end product. This 

principle shifts some of the risks of inputs variables to the vender who 

would have taken pains to ensure high quality at the point of use. 

However, it has no answer to predicting quality outcome.   

 

2.2.2  Elimination of Waste  

Waste is defined by the Japanese who are the architects of JIT 

production as "any thing other than the minimum amount of equipment, 

materials, parts, workers (working time) which are absolutely essential to 

production" An expanded JIT definition advanced by Toyota's Fujio Cho 

identifies seven prominent types of waste to be eliminated:  

* Waste from overproduction   * Waste of waiting time 

* Transportation waste   * Inventory waste  

* Processing waste    * Waste of motion, and  

* Waste from product defects.   

This definition of JIT leaves no room for surplus or safety stock. No 

safety stocks are allowed because if you cannot use it now, you do not 

need to make it now. That would be waste. Hidden inventory in stores, 

transit systems, carousels and conveyors are key targets for inventory 

reduction.  As would be seen later (section 2.2.9) implementation 

requirements in JIT –system are difficult to meet in most countries, 



 

 

including Nigeria, because of absence of subcontractor networks. Where 

subcontractor networks exist, question of scanty would not arise.     

The six elements that address elimination of waste are  

 Focused factory networks 

 Group technology 

 Quality at the source 

 JIT production 

 Uniform plant loading 

 Minimized setup times. 

 

2.2.3    Focused Factory Networks  

The Japanese build small specialized plants rather than large vertically 

integrated manufacturing facilities. They find large operations and their 

bureaucracies difficult to manage and not in line with their management 

style. Plants designed for one purpose can be constructed and operated 

more economically. The bulk of Japanese plants, some 60,000 have 

between 30 and 1,000 workers.  

 

2.2.4  Group Technology  

Group technology, while invented in the United States, was most 

successfully employed in Japan. Instead of transferring jobs from one 

department to another to specialized workers, the Japanese consider all 



 

 

operations required to make a part and group those machines· together.  

The group technology cells eliminate movement and queue (waiting) 

time between operations, reduce inventory, and reduce the number of 

employees required. Workers, however, must be flexible to run several 

machines and processes. Due to their advanced skill level, these 

workers have increased job security.  

 

2.2.5  Quality at the Source  

Quality at the source means, do it right the first and when 

something goes wrong, stop the process or assembly line immediately.  

Factory workers become their inspectors, personally responsible for the 

quality of their outputs. Workers concentrate on one part of the job at a 

time so quality problems are uncovered. If the pace is too fast, if the 

worker finds a quality problem, or if a safety issue is discovered, the 

worker is obliged to push a button to stop the line and turn on visual 

signal. People from other areas respond to the alarm and the problem.  

Workers are empowered to do their own maintenance and housekeeping 

until the problem is fixed.  

 

2.2.6  JIT Production  

JIT means producing what is needed when needed and no more. 

Anything over the minimum amount necessary is viewed as waste, since 



 

 

effort and material expended for something not needed now cannot be 

utilized now. This is in contrast to relying on extra material just in case 

something goes wrong.  

 

2.2.7  Uniform Plant Loading  

Smoothing the production flow to dampen the reaction waves that 

normally occur in response to schedule variations is called Uniform 

Plant Loading. When a change is made in final assembly, the changes 

are magnified throughout the line and the supply chain. The need for a 

stable demand environment can be addressed by reducing monthly 

quantities to daily quantities in order to compute Cycle Time. The cycle 

time figure is used to adjust resources to produce the precise quantity 

needed.  

 
2.2.8  Minimized Setup Times  

Because small lot-sizes are the norm, machine setups must be quickly 

accomplished to produce the mixed models on the line. To achieve such 

setup time reduction, setups are divided into internal and external 

activities. Internal setups must be done while a machine is stopped. 

External setups can be done while the machine is running. Other time-

saving devices such as duplicate tool holders are also used to reduce 

setups.  



 

 

 

2.2.9 Acceptance of Just-In- Time System  

JIT production system has received world wide acceptance because of 

its potential to reduce costs especially quality control costs. However, 

some of the implementation requirements are difficult to meet in most 

countries due to labour unions and absence of subcontractor networks. 

Nevertheless, the general philosophy and approaches to JIT have been 

widely adopted. Such include reducing setup times, eliminating 

inventory, identifying problems, and utilizing the expertise of workers.  

 

2.3   MANAGEMENT BY EXCEPTION  

When outcome deviates from standard or normal and the cause(s) of 

deviation becomes the centre of management investigation with a view 

to preventing such deviations, the process is known as management by 

exception. Management by exception is after-the-infact information with 

activities to prevent future occurrence. Traditionally, the underlying 

principles of cost control has been that of management by exception. 

Standard costs, flexible budgets, and variance analysis were designed to 

provide management with information on how past actual performance 

departed from normal or standard, (Maynard: 1971).  

 

 

 



 

 

2.4  PREDICTIVE MANAGEMENT  

A system of control that corrects exceptions or variances before 

they occur is called management by prediction or predictive 

management. Predictive management begins with the recognition and 

conceptual definition of a management problem and drawing on past 

experience and available data to described business phenomena by 

mathematical models that permit deductive reasoning. Such 

mathematical models include queuing, simulation, regression models, 

etc. From such models, a· predictive manager develops functional 

relationships among the multiple variable that is helpful in solving 

management problems.  

Predictive management is a concept which the decision making 

unit of an enterprise employs to establish what is going to be the result 

of actions taken, how such results will" be accomplished, what 

alternatives are available, and the conditions under which a decision to 

implement an alternative should be made, (Maynard: 1971).  

 

2.5  REGRESSION ANALYSIS  

Regression analysis is one of the most powerful predictive mathematical 

tools. One of the objectives of modern business science is to make 

predictions about future events as accurately as possible, preferably by 



 

 

means of a mathematical function. Usually such predictions require that 

a formula be found which relate what is to be predicted (dependent 

variable) to one or more independent variables where the independent 

variables are known or can be observed. If we refer to this relationship 

as regression, we are interested in the relationship between the known 

factors (independent variables) and the mean of the corresponding 

distribution of the dependent factor, so that we could say, the regression 

curve of y on Xi (where Xi are the independent variables). For instance a 

function form of relationship is given by  

 

 

Where the Y represents the variable of interest (dependent variable) and 

the Xi's are the variables we wish to use in describing Y, (Xi's are called 

the independent variables). The bi's are coefficients or parameters 

relating X and Y values, b0 is a constant which may be thought of as 

transformation factor, and E represents the error or difference between 

the actual value of Y and the value predicted by the formula. These 

errors are usually normal distributed with a mean of zero and some 

variance which is constant over the range of X and Y values.  

With the above hypothetical functional relationship and observed 

values of the Y and Xi variables, the problem is always to determine 

values of b0 and bi's which do the best job of describing Y in terms of the 



 

 

Xi's. A popular technique for accomplishing this is the technique of least 

squares. Least squares approach gives value of b0 and the bi's which 

minimize the sum of the squared errors between the actual Y value and 

the value given by the function. The equations for b0 and the bi's are 

usually in terms of observed Y and Xi values.  

Unfortunately, there is no assurance that the formular yield values  

of bi's which correctly and accurately describe the relationship between  

Xi's and Y. We therefore resort to statistical tests to determine if a 

particular bk is sufficiently different from zero to conclude that the 

corresponding Xk and Y are related. The value of bk is then used in 

estimating that relationship. Once satisfactory results are obtained, this 

function can be used to predict values of Y for given values of the Xi’s or 

it can serve as guide for modifying the Xi's in an attempt to achieve some 

desired value of Y.   

Application of regression analysis in this research will help us to 

know which factors are important in producing variability in the quality of 

output and if we learn to what extent variation in a factor causes 

variation in quality of output, then we may, by controlling the variation in 

quality in the factor, control variation in quality of output.    



 

 

CHAPTER THREE 

RESEARCH METHODOLOGY 

PREAMBLE:  

The research is about examining the contribution of input factors in 

product quality to guide management decisions. To this end, X1 

represents education, and X2 represents experience, while Y (the 

dependent variable) is the quality level we are predicting. The 

hypothetical functional relationship becomes,  

     Y= b0 + b1X1 + b2X2 +E 

 This involves analysis of previous production batches in terms of 

those who produced them, their education and experience, and see if 

there is any relationship between these factors and the quality levels of 

the batches.  

 

3.1 POPULATION OF STUDY  

 The population of study was all previous batches which records 

were stacked in many cabinets spanning years of production. Therefore, 

we could say that the population is of infinite size. However, attention 

was centred on cabinet containing batch sheets of previous and current 

year production. A batch sheet is a record sheet containing all 



 

 

information about a batch including batch number, product type, workers 

assigned (especially at the third stage), percentage defect,   date, time, 

etc. The key to accessing information on a batch is the batch number 

and date of manufacture. 

 

3.2 SAMPLE SIZE 

 A judgmental sample of 20 batches was selected randomly from 

cabinets for previous year and current year. This was necessary 

because of the limited time allowed by management to look into these 

documents as they were classified. Also a sample of 20 would reduce 

the complexity of mathematics involved in multiple regression analysis. 

To ensure some randomness, eyes were closed when selecting batch 

sheet in the two cabinets until a total of 20 batch sheets containing 

information for 20 batches. 

 

3.3 RESEARCH DESIGN  

 Education and experience cannot be quantified or measured on a 

numerical scale, they cannot therefore be include in a regression 

analysis just like that. They are simply identifiers. Some people can be 

indentified as educated, experienced or both but cannot be quantified. 

However, the concept of “indicator variable” can be used to replace 



 

 

these unquantifiable factors, namely: education and experience, in a 

regression analysis. 

 Applying this concept of indicator variable, and building on the 

research design  that below secondary school (school certificate) is not 

enough education required and therefore is indicated by ‘0’ while 

education of secondary school and above  is desirable and therefore has 

‘+1’ indicator. Similarly, in  the case of experience, we take a bench 

mark of 4 years and below as not having enough experience and 

therefore has an indicator of ‘0’, while 5 years and above is desirable 

and has an indicator ‘+1”. With this design, the impact of education and 

experience can be assessed in a regression analysis. 

 It is the impact of education and experience of the four works in 

the final stage of production, namely; filling, corking, and packaging, that 

is of essence. Unusually, four workers are always assigned to man the 

machines at this final stage which is sensitive to contamination, 

overfilling, short filling, bottle and cork cracks etc. The company operates 

three shifts, implying that we have four different workers for each shift. 

The research did not dwell on possible shift factor or possible product 

type factor. The research was conducted regardless of whether a batch 

was produced in the morning, afternoon or night. Also, since duty roaster 



 

 

was not particularly mindful of education and experience levels, these 

were established through questions on the 20 sample batch sheets.     

 

3.5 TEST STATISTICS 

  F = MSR 

        MSE 

Where F  =  f-distribution statistic 

MSR   = Mean square due to regression 

MSE  = Mean square due to error 

The F-test is used to show whether a significant relationship exists 

between quality outcome and the independent variables while t-tests 

with the corresponding t-statistic below is used to show whether each 

independent variable existing alone has significant contribution, 

ti  = bi – 0 

         √MSE. Ci 

Where  

t  = t- statistic  

bi  = coefficient of regression 

MSE  =  Mean Square Error 

 



 

 

 

Ci  is a constant determined by a formula such that 

C1  =     ∑X2
2 

∑X1
2 ∑X2

2  – (∑X1X2 ) 
2 

and  C2 =       ∑X1
2 

   ∑X1
2 ∑X2

2  – (∑X1X2 ) 
2 

 

3.5 SPSS COMPUTER PACKAGE  

 SPSS is the short from for statistical package for social science. 

This computer package was also applied in the regression analysis to 

see if error arising from manual computations would be significant 

enough to cause a review.  

 



 

 

CHAPTER FOUR 

PRESENTATION AND ANALYSIS OF DATA 

 

4.1 PREAMBLE  

 Data from company records, personal interviews, and on the spot 

observation of production processes are presented in this chapter. 

Analysis of data and inferences are made there from. Only information 

relevant to the research design (3.5) were extracted. 

 

4.2  DATA PRESENTATION AND ANALYSIS 

Table 4.1: extracts from 20 batch sheets. 

1) Batch No. BB… AB23 

Operation Type:  Filling, corking and packaging  

 Product type:  Mirinda Orange  

Date and time of manufacture: 140509B22:44 

The explanation of the code 140509B22:44 is as follow: The figures in 

the code before B convey date of manufacture such that 140509 means 

14th May, 2009 while figures after B convey time of manufacture such 

that 22:44 means 10:44pm. The meanings of A, AB, C… etc are part of 

the classified information the Quality Control Manager could not reveal.  

In the analysis, real names of assigned workers in the batch sheets have 

been replaced with alphabets  

 



 

 

Assigned Workers     Education  Experience  

Worker     A    0   1 

Worker     B    1   0 

Worker     C    1   0 

Worker     D    1   0____ 

Team  Score    ¾ =0.75  ¼ = 0.25 

Corresponding batch quality (percentage loss) = 0.85% 

  Source: Company record 

2) Batch No. BB… AB11E 

 Operation Type: Filling, corking and packing  

 Product type:  7-up 

Date and time of manufacture: 070908C16:51 

Assigned Workers   Education   Experience  

 Worker     E    1   1 

Worker     F    0   1   

Worker     G    1   0 

Worker     H    1   1________ 

Team Score     ¾ =0.75  3/4 =0.75 

Percentage loss)    = 0.60%__________ 

         Source: Company record 



 

 

3)  Batch No. BB… AB26 
Operation Type: filling, corking and packaging    
Product type: Mirinda Organge 
Data and time of manufacture: 27040A07:27 
Assigned Workers   Education   Experience 

Worker    I     0   0 

Worker     J     1   1 

Worker     K    1   1 

Worker     L    0   1 

Team Score     2/4  = (0.50) ¾ = 0.75 

Percentage loss)    = 0.65%__________ 

           Source: Company record  

4)  Batch No. BB… AB03 

Operation Type: Filling, corking and packaging  

Product type: Pepsi  

Date and time of manufacture: 031008D00:35 

 
Assigned Workers   Education   Experience 

Worker     M    1   1 

Worker     N    1   1 

Worker     O    1   1 

Worker     P     1   0_  

Team Score    4/4 (1.00)  ¾ =(0.75) 

Percentage loss     = 0.50%_________ 



 

 

5) Batch No. BB… AB32 

Operation  Type: Filling, corking and packaging  

Product type: Mirinda Orange 

Date and time of manufacture: 231208A14:53 

Assigned Workers   Education   Experience 

Worker     Q    0   1 

Worker     R    1   0 

Worker     S    0   1 

Worker     T    0   1____ 

Team Score    ¼ (0.25)    ¾ = (0.75) 

Percentage loss     = 1%_________ 

           Source: Company record  

6)  Batch No. BB… Ab07 

Operation Type: Filling, corking and packaging  

Product type: Mirinda pineapple  

Date and time of manufacture: 03048A15:16 

Assigned Workers   Education   Experience 

Worker     U    0   0 

Worker     V    1   1 

Worker     W    1   0 

Worker    X     1   0______ 

Team Score    ¾ (0.75)    ¼ = (0.25) 



 

 

Percentage loss     = 0.75%_________ 

7) Batch No. BB… AB35  

Operation Type: Filling, corking and packaging 

Product type: Mirinda Pineapple   

Date and time of manufacture: 270109B20:29 

Assigned Workers   Education   Experience 

Worker    G     1   0 

Worker     I     0   0 

Worker     R    1   0 

Worker     O    1   1______ 

Team Score    3/4 (0.75)      1/4 = (0.25) 

Percentage loss     = 0.75%_________ 

 

8) Batch No. BB… An12 

Operation Type: Filling, corking and packaging 

Product type: Mirinda Orange  

Date and time of manufacture: 050308A17:12 

Assigned Workers   Education   Experience 

Worker     D    1   0 

Worker     G    1   0 

Worker     J     1   1 

Worker     N     1   1______ 

Team Score    4/4 (1.00)      2/4 = (0.50) 



 

 

Percentage loss     = 0.55%_________ 

 

9)  Batch No. BB… AB31 

Operation Type: Filling, corking and packaging  

Product type: Pepsi 

Date and time of manufacture: 130609D01:15 

Assigned Workers   Education   Experience 

Worker     B    1   0 

Worker     E    1   1 

Worker     I     0   0 

Worker     P    1   0______ 

Team Score    ¾ (0.75)      ¼ = (0.25) 

Percentage loss     = 0.80%_________ 

 

10) Batch No. BB… AB33 

 Operation Type: Filling, corking and packaging  

 Product type: Pepsi 

 Date and time o manufacture: 220309A13:25 

Assigned Workers   Education  Experience 

 Worker     A    0   1 

Worker     H    1   1 

 Worker     K    1   1 

Worker     Y    1   1________ 

Team Score    ¾ (0.75)      4/4 = (1.00) 

Percentage loss     = 0.55%_________ 



 

 

 

 

11) Batch No. BB… AB12 

Operation Type: Filling, corking and packaging  

Product type: Mirinda Orange 

Date and time of manufacture: 050308A17:12 

Assigned Workers   Education   Experience 

Worker     I     0   0 

Worker     F    0   1 

Worker     C    1   0 

Worker     Q    0   1____ 

Team Score    ¼  (0.25)      2/4 = (0.50) 

Percentage loss     = 1.5%_________ 

 

12) Batch No. BB… AB09 

Operation Type: Filling, corking and packaging  

Product type: Mirinda Pineapple 

Data and time of manufacture: 030608A12:30 

  

Assigned Workers   Education   Experience 

 Worker     M   1    1 

Worker     S   0    1 

Worker     W   1    0 

Worker     P   0    0_______ 



 

 

Team Score    2/4 (0.50)     2/4 = (0.50) 

Percentage loss     = 1.2%_________ 
 

13) Batch No. BB… ABo6 

 Operation Type: Filling, corking and packaging  

Product type: Mirinda Orange 

Data and time of manufacture: 050709B19:16 

 

Assigned Workers   Education   Experience 

Worker     R    1   0 

Worker     U             0   0 

Worker     K    1   1 

Worker     G    1   0______ 

Team Score    ¾ (0.75)        ¼ = (0.25) 

Percentage loss     = 0.90%_________ 

14) Batch No. BB… AB30 

 Operation Type: Filling, corking and packaging  

 Product type: Pepsi 

Date and time of manufacture : 030708D19:12 

Assigned Workers   Education   Experience 

Worker     B    1   0  

Worker     T    0   1 

Worker     V    1   0 



 

 

Worker     X    0   0____ 

Team Score    2/4  (0.50)       ¼ = (0.25) 

Percentage loss     = 0.13%_________ 

15)  Batch No. BB… AB22 

 Operation Type: Filling, corking and packaging  

 Product type: 7-Up 

Date and time of manufacture: 231209A14:53 

 Assigned Workers   Education   Experience 

 Worker     H    1   1 

 Worker     J     1   1 

 Worker     Y    1   1 

Worker     V    1   1_____ 

Team Score    4/4  (1.00)         4/4 = (1.00) 

Percentage loss     = 0.50%_________ 
 

16) Batch No. BB… AB09 

 Operation Type: Filling, corking and packaging  

 Product type: Mirinda Orange 

Date and time of manufacture: 030608a12:30 

Assigned Workers   Education  Experience 

Worker     I     0   0 

Worker     B    1   0 

Worker     F    0   1 



 

 

Worker     Q    0   1____ 

Team Score    ¼  (0.25)         2/4 = (0.50) 

Percentage loss     = 1.4%_________ 

17) Batch No. BB… AB16 

 Operation Type: Filling, corking and packaging  

 Product type: 7-Up 

Date and time of manufacture: 030608a12:30 

Assigned Workers   Education   Experience 

Worker     X    0   0 

Worker     B    0   0 

Worker     F    0   1 

Worker     Q    1   0______ 

Team Score    ¼ (0.25)        ¼ = (0.25) 

Percentage loss     = 1.50%_________ 
 

18)  Batch No. BB… AB09 

 Operation Type: Filling, corking and packaging  

 Product type: Mirinda Pineapple  

Date and time of manufacture: 131208A02:30 

Assigned Workers   Education   Experience 

 Worker     G    1   0 

Worker     K    1   1 

Worker     P    1   0 



 

 

Worker     S    0   1  

Team Score    ¾ (0.75)     2/4  = (0.50) 

Percentage loss     = 0.75%_________ 

19)  Batch No. BB… AB02 

 Operation Type: Filling, corking and packaging  

 Product type: Mirinda Tonic  

Date and time of manufacture: 030508A20:31 

Assigned Workers   Education   Experience 

 Worker     A    0   1 

Worker     E    1   1 

Worker     Q    0   1 

Worker     U    0   0___ 

Team Score    ¼ (0.25)     ¾ = (0.75) 

Percentage loss     = 1.1%_________ 

               Source: company record 

20) Batch No. BB… AB07 

 Operation Type: Filling, corking and packaging  

 Product type: Pepsi  

Date and time of manufacture: 030408D15:16 

Assigned Workers   Education   Experience 

Worker     D    1   0 

Worker     N    1   1 



 

 

Worker     R    1   0 

Worker     W    1   0____ 

Team Score    4/4  (1.00)   1/4 = (0.25) 

Percentage loss     = 0.65%_________ 



 

 

TABLE 4.2: SUMMARY OF DATA 
 

Batches  1 2 3 4 5 6 7 8 9 10  
Education 
score 

0.75 0.75 0.50 1.00 0.25 0.50 0.75 1.00 0.75 0.75 X1 

Experience 
Score 

0.25 0.75 0.75 0.75 0.75 0.25 0.25 0.50 0.25 0.75 X2 

Percentage 
Loss 

0.85 0.60 0.65 0.50 1.00 1.25 0.75 0.55 0.80 0.55 Y 

Batches  11 12 13 14 15 16 17 18 19 20  
Education 
score 

0.25 0.50 0.75 0.50 1.00 0.25 0.25 0.75 0.25 1.00 X1 

Experience 
Score 

0.50 0.50 0.25 0.25 1.00 0.50 0.25 0.50 0.75 0.25 X2 

Percentage 
Loss 

1.50 1.2 0.95 1.3 0.50 1.40 1.50 0.75 1.10 0.65 Y 

 

Where:  Y  =  Percentage defect (Dependent variable) 

  X1  =  Team education score 

X2 = Team experience score. 

The problem reduces to 

i. Fitting a regression model to the variables with Y as the dependent 

variable, and  

ii. Conducting a regression analysis and carrying out a test of 

significance of the regression model. 

 



 

 

TABLE 4:3 ANALYSIS TABLE  

 % 
Loss 

Y 

 

Education 
X1 

 

Experience 
X2 

 
X1Y 

 
X2Y 

 
X1

2 
 

X2
2 

 
Y2 

 
X1X2 

1 0.85 0.75 0.25 0.6375 0.2125 0.5625 0.0625 0.7225 0.1875 
2 0.60 0.75 0.75 0.4500 0.4500 0.5625 0.5625 0.3600 0.5625 
3 0.65 0.50 0.75 0.3250 0.4875 0.2500 0.5625 0.4225 0.3750 
4 0.50 1.00 0.75 0.5000 0.3750 1.000 0.5625 0.2500 0.7500 
5 1.00 0.25 0.75 0.2500 0.7500 0.0625 0.5625 1.0000 0.1875 
6 1.25 0.50 0.25 0.6250 0.3125 0.2500 0.0625 1.5625 0.1250 
7 0.75 0.75 0.25 0.5625 0.1875 0.5625 0.0625 0.5625 0.1875 
8 0.55 1.00 0.50 0.5500 0.2750 1.0000 0.2500 0.3025 0.5000 
9 0.80 0.75 0.25 0.6000 0.2000 0.5625 0.0625 0.6400 0.1875 
10 0.55 0.75 0.75 0.4125 0.4125 0.5625 0.5625 0.3025 0.5625 
11 1.50 0.25 0.50 0.3750 0.7500 0.0625 0.5625 2.2500 0.1250 
12 1.20 0.50 0.50 0.600 0.6000 0.2500 0.2500 1.4400 0.2500 
13 0.90 0.75 0.25 0.6750 0.2250 0.5625 0.0625 0.8100 0.1875 
14 1.30 0.50 0.25 0.6500 0.1250 0.2500 0.0625 1.6900 0.1250 
15 0.50 1.00 1.00 0.5000 0.5000 1.000 1.000 0.2500 1.0000 
16 1.40 0.25 0.50 0.3500 0.7000 0.0625 0.2500 1.9600 0.1250 
17 1.50 0.25 0.25 0.3750 0.3750 0.0625 0.0625 2.2500 0.0625 
18 0.75 0.75 0.50 0.5625 0.3750 0.5625 0.2500 0.5625 0.3750 
19 1.10 0.25 0.75 0.2750 0.8750 0.0625 0.5625 1.2100 0.1875 
20 0.65 1.00 0.25 0.6500 0.1625 1.0000 0.0625 0.4225 0.2500 
 18.30 12.500 10.000 9.9250 8.3500 9.2500 6.4375 18.970 6.3125 
 

From the table above we have the following: 

n = 20   ΣY = 18.30 

ΣX1 = 12.50  ΣX2 = 10.00 

ΣX1Y = 9.925  ΣX2Y = 8.35 

ΣX1
2 = 9.25  ΣX2

2  = 6.4375 

ΣY2 = 18.970 ΣX1Y2  = 6.3125 
 

The hypothetical regression mode is  

ŷ = b0 + b1X1 + b2X2 

 

 



 

 

 

and the equation for calculating these coefficients are as follows” 

b1 = Σx1y Σx2
2   – ΣX2y Σx1x2   ………..…….……….4.1 

  ΣX1
2  Σx2

2   – (Σx2x2) 2 

b2 = Σx2y Σx2
2   – ΣX1y Σx1x2   ………..…….……….4.2 

  Σx1
2  Σx2

2   – (Σx2x2) 2 

b0 = Y – (b1x1 + b2x2) ……………………………..... 4.3 

 

The small letters x and y, represent deviations from the mean of data 

such that, 

Y = Y – Ŷ;  x1 = X1 – X;  x2 = X2 – X2  

Consequently, we have 

Σy2  =  Σy2 – 1 (Σy)2 

    n 

Σx1
2  =  Σx1

2   – 1  (Σx1)2 

       n 

Σx2
2  =  Σ2 x  – 1  (Σx2)2 

     n 

Σx1x2 =  Σx1x2  – 1  (Σx1 x2 

       n 

Σx1y  =  Σx1 Y   – 1  (Σx1ΣY) 

        n 

Σx2y  =  Σx2 Y   – 1  (Σx2ΣY) 

        n 

Substituting:  

Σy2  = 18.970 – 1/20 (18.3)2  = 2.2255 



 

 

Σx1
2  = 9.25 – 1/20 (12.5)2 = 1.4375 

Σx2
2  = 6.4375 – 1/20 (10)2  =  1.4375 

Σx1x2 = 6.3125 – 1/20 (12.5) (10) =  0.0625 

Σx1y  = 9.925 – 1/20 (12.5) (18.3) = –1.5125 

Σx2y  =  8.35 – 1/20 (10) (18.3) =  – 0.80 

Substituting these results in the estimate formulas for b1, b2 & b0, (4.1; 

4.1; 4.3) we have: 

b1 = (–1.5125) (1.4375) – (–0.80) (0.0625) = – 1.03 

      (1.4375) (1.4375) – (0.0625)2 

b2
  = (–0.80)(1.4375) – (–1.5125)(0.0625) = – 0.512 

      (1.4375) (1.4375) – (0.0625)2 

bo = 18.3  – (– 1.03) (12.5)  +    (– 0.512)  (10) 

   20     20         20 

 = 0.915 – (– 0.64375 – 0.256) 

 = 0.915 + 0.64375 + 0.256   ≈  1.8 

 

4.3 RESULT OF REGRESSION ANALYSIS  

The result showns that the predictive regression model is  

y = 1.8 – 1.03 X1 – 0.512 X2  

 The Regression analysis indicates that the factors, education and 

experience, have positive effects on quality. Educated team workers as 

defined, that is from secondary school certificate holders and above, will 

reduce defects by 1.03X1 while experienced team, as defined, that is, 



 

 

from 5 years and above will reduce defects by 0.512X2, depending on 

the values of X1 and X2, which are the education and experience scores 

on the indicator scales, as explained in the research design. 

 For instance, if education and experience scores were ¼ and 2/4 

respectively, then the predicted percentage loss would be y = 1.8 – 

1.03(¼) – 0.512 (2/4) = 1.3 percentage defect. 
 

4.4 TEST OF HYPOTHESIS (OF SIGNIFICANCE)   

H0: Human-related factors, namely education and experience, have no 

relationship with quality. (H0: B1 = B2 = 0) 

HA: Human-related factors, namely education and experience, have 

relationship with quality. (H0: B1  B2 = 0) 

To conduct this test ANOVA table will be used and the test –statistic is F  

=  MSR 

    MSE 

(The test is at  = 0.05 significance level) 

 

TABLE 4.4: ANOVA TABLE 

SOURCES 
OF 

VARIATION 

SUM OF 
SQUARES (SS) 

DEGREE OF 
FREEDOM 

(DF) 

MEAN 
SQUARE 

(MS) 

F- 
RATIO 

Regression  SSR = Σy2R2 K MSR = SSR 

             K 

F = MSR 

      MSE 

ERROR SSE =  SST –SSR  

=Σy2 (1 – R2) 

n–K–1  MSE = SSE 

            n–k–1 

 

TOTAL SST =  n – 1     
 

Where R2 = b1ΣX1Y + b2 ΣX2Y ………………………………………… 4.4 



 

 

    Σy2 

SSR  = Sum of Squares of Regression 

SSE = Sum of Squares of Error 

SST = Sum of Square of Total Variation (Σy2) 

K = Number of independent variables (X1, X2) 

n = Sample size (n = 20) 

R2 = – 1.03 (–1.5125) + (– 0.512) (– 0.80) 

2.2255 

 = 1.55 + 0.4096 = 0.88 

       2.2255 

SSR =    Σy2 R2   = 2.2255 (0.88) = 1.958 

SSE =   Σy2 (1–R2) = 2.2255 (1 – 0.88) = 0.267  



 

 

Solved ANOVA table: 

SOURCES 

OF 

VARIATION 

SUM OF 

SQUARES (SS) 

DEGREE OF 

FREEDOM (DF) 

MEAN 

SQUARE 

(MS) 

F- 

RATIO 

Due to 
Regression  

SSR = 1.958 2 MSR = 1.958 
                2 

Fx =   
     MSR 
      MSE 
0.979 
0.0157 
= 62.35 

Due to 
ERROR 

SSE =  0.267 20 – 2 – 1 = 17   MSE = 0.267 
            17 = 
0.0159 

 

Ho is accepted at  = .05 if F calculated < Ftabulated  Otherwise reject H0 in 

favour HA. 

Ftabulated  = F 0.95, 2, 17 = 3.59 

Since Fcalculated = 62.36 > Ftabulated = 3.59, H0 is rejected in favour of HA. 

We therefore conclude that human related factors, namely education 

and experience, have significant relationship with quality.  

The F-test shows that a significant relationship exists between quality 

outcome and the independent variables. This raises questions as 

whether the independent variables have only joint effect. Therefore the 

individual variables are to be tested for individual significance by testing 

their regression coefficients. 

 



 

 

Hypothesis No. 2 

H0: Education alone does not make significant contribution to product 
qality. This test is done with t-statistic (t) 

t1 =    b1 – 0  

  √MSE.C1 

b1 = – 1.03 

MSE = 0.0157 

C1 =  ΣX2
2   

 Σx1
2 y Σx2

2   – (Σx1x2) 2 

 

 =  1.4375 
        =   0.70 
  (1.4375) (1.4375) – (0.0625)2  

 

Therefore, t1 =   -1.03 

   √(0.0157) 0.70)  = -9.825 

 

The test is a two tailed test since contribution can either be in negative or 

positive direction.  

For a two-tail test, reject Ho if t(cal.) <  –t(tab. α/2) 

     OR if t(cal.) >  t(tab. α/2) 

This is tested at significant level α = 0.05 



 

 

Since t(calculated)  = - 9.825 < - t.025, 17  =   –2.11, we reject Ho and conclude 

that education alone had significant contribution. 

Hypothesis No. 3 

Ho:  Experience alone does not take significant contribution to product 

quality.  

t2 =    b2 – 0  

  √MSE.C2 

b2 = – 0.512 

MSE = 0.0157 

C1 =  ΣX1
2   

Σx1
2 y Σx2

2   – (Σx1x2) 2 

 =  1.4375 
   
  (1.4375) (1.4375) – (0.0625)2 = 0.70 

Therefore, t2 =   -0.512 

   √(0.0157) 0.70) =  - 4.88 

Since t(calculated)  = - 4.88 < - t.025, 17 =  – 2.11, we reject Ho and conclude 

that experience  alone had significant contribution . 

 

4.5 DISCUSSION OF RESULT OF ANALYSIS  

 The analysis produced a regression formula (y =1.8 - 1.03X1– 

0.512X2) which relates contributions of education and experience to 

percentage defect. The three tests of hypotheses at the level of 5% 



 

 

confirm joint significance and individual significance of independent 

variables. 

 As an illustration, when yet-to-be assigned workers’ education and 

experience scores are 25% and 50% respectively, the predicted 

percentage defect would be calculated as follows:  

Y = 1.8 -1.3(0.25) – 0512(0.50), giving approximate percentage defect of 

1.22%. For a batch of 20,000 litres, this would translate into 244 litres 

loss. Since a team of workers on a shift processes many batches, the 

aggregate losses per shift could be very substantial. 

 The higher the education and experience scores the lower the 

percentage defect. Therefore, estimated losses could be reduced by 

choosing   a combination of workers with higher education score, higher 

experience score or both. 



 

 

CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATION 

 

5.1 PREAMBLE  

The aim of this chapter is to summarize, draw conclusions and 

give recommendation resulting from the study. These are based on 

available information and analysis of data gathered during the course of 

the research work. 

 

5.2 SUMMARY OF REPORT  

 The idea of the research  “an investigation of contributions of input 

variables in product quality using regression analysis” was conceived to 

see if we can fashion a predictive  mathematical model that would 

enable us have insight into the nature of quality outcome given that we 

can control the input resources including human resources. This was 

informed by the need to achieve desired quality level at the lowest 

possible cost and time by avoiding at the initial stage what we don’t want 

to happen. Over the past recent years, quality has increased in 

importance as a competitive strategy. This explains why every 

information relating to quality is “classified” and difficult to access by 

outsiders including researchers. 



 

 

   However, the research was successfully done using 7-Up Bottling 

Co. Plc, Aba. Information relevant to the research was gathered through 

past company records, explanatory interviews with the quality control 

manager, and observation of manufacturing processes. An important 

dimension in the research design, is making qualitative input variables 

quantitative by the use if indicator variables and including them in 

regression analysis. The regression analysis indicates that both levels of 

education and experience have significant effects on percentage defect. 

These variables and the estimates of their respective coefficient are:  

Variables   Coefficients  

Constant   1.8 

Education   -1.03 

Experience   -0.512    

These coefficient offer some indications relative to percentage defect. 

The value of the constant indicates that base percentage defect is about 

1.8% on an average basis. It should be noted, however, that these are 

not guarantees but merely indications which can serve as guides to 

management. “Undesirable education level” has been defined as below 

WASC while “desirable education level defined as having WASC and 

above. Periodic updating of the analysis should be encouraged since the 



 

 

impact of the various factors on product quality or percentage defect 

may change with time and with changes in the production system. The 

research showed that with a good combination of educated workers and 

experienced workers, percentage defects would be reduced to the 

minimum. The test of hypotheses confirmed the significance of 

contribution of input variables both jointly and individually. 

 

5.3  CONCLUSION  

 The result of this analysis could be useful in a number of 

applications. The most obvious would be to use the equation in 

conjunction with scheduling to plan for tolerable percentage defect. 

Percentage defect can be predicted to a greater accuracy, resulting 

hopefully in more accurate planning. 

 The level of confidence of the coefficient estimates in the 

regression will be greater with an increased sample. The same 

technique presented in this   paper would work for any batch size and 

factors, limited only by the capacity of the instrument used to do the 

analysis. It is believed that such analysis could easily pay for itself in 

savings realized through more efficient planning. Needless to say that 

with a careful research-design and a powerful predictive mathematical 



 

 

tool like regression analysis we can avoid bad outcomes we do not want 

by controlling the input variables. 

 

5.4 RECOMMENDATION BASED ON FINDINGS 

 It is recommended that minimum qualification for frontline workers 

in the bottling industry, especially those connected with quality control, 

be WASC, O’level GCE or  equivalent. However, research also showed 

that above five years experience can compensate for lesser qualification. 

Fairly good education would avoid errors resulting from gauge reading or 

not being aware of the limitations of the measuring method, and also 

minimize inspection oversights that result in losses.     

5.5  RECOMMENDATION FOR FURTHER WORK  

 The above research dwelt on human related factors. But there are 

raw materials related factors and equipment related factors that could 

affect quality outcome. Further researchers are therefore recommended 

in these areas. Furthermore, possible variations in percentage defects 

due to shift factor and product type factor are also recommended for 

investigation.  
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APPENDIX 

August 25, 2008 

The Quality Control Manager, 

7-up Bottling Co. Plc. 

Aba, Abia State. 

 

Sir, 

RESEARCH STUDENT 

FROM POST GRADUATE SCHOOL, FUTO 

We have selected your Company as a case-study for the study on the 

bottling companies in Nigeria and beyond in respect of batch 

productions. 

The information sought is of a general nature and purely academic and 

will help assess practice against theory.  

We therefore crave your cooperation and patience during the brief period 

of study.  

We shall visit on 4th September, 2008 at 12.00pm noon.      

Yours sincerely, 

 

Philip E. Ukandu 

 


