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Abstract 

Outsourcing is referred to as transferring an activity internally to external control. 

Production outsourcing is the contracting with a third party to produce goods or 

services (Valiyattoor and Bhandari 2020). This thesis studies production outsourcing 

and in-house production in the rolling stock manufacturing sector through a 

manufacturer and supplier perspective.  

On various occasions the organization experienced challenges in meeting monthly 

targets, as well as producing at a high cost. Some of the causes for this were not 

obvious to management, but production outsourcing was a suspected possible factor 

but the influence on overall production costs had to be investigated where it is positive 

or negative. 

The aim of the study was to evaluate the cost to outsource vs in-house production. 

Furthermore, assess production outsourcing influence in the changing demand 

patterns and its influence on customer satisfaction. 

A DMAIC (an abbreviation for Define, Measure, Analyze, Improve and Control) lean 

six sigma methodology was adopted in creating the framework design. The research 

study is quantitative that follows descriptive approach, where historical data from SAP 

(Systems, Analysis and Products in data processing) and data collected from survey 

was analyzed and evaluated. The sample size that was used for the first objective was 

a total of 36 components drawn from 6 various businesses data base, namely: 

coaches, wagons, rolling stock equipment (RSE), wheels, locomotives, and ports. The 

sample size used for the second objective was 40 respondents from AB Ltd 

manufacturing facility, where 440 responses were received. 

For objective two, the data was exported to Microsoft excel. A chi-square test method 

was employed to analyze the data, using both Microsoft excel and Statistical Package 

for the Social Sciences (SPSS) software.  For the second aspect to address the 

second objective, 5-point Likert Scale technique to collect and gather responses was 

used. Data analysis method used was a t-test using both Microsoft Excel and 

Statistical Package for the Social Sciences (SPSS) software. Both tests completed 

were hypothesis test, one being chi-square and one being a t test. 

In addressing objective one, the study results aided the researcher to draw 

conclusions that the cost rate of insourced parts differs to that of outsourced part. This 
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therefore means that production outsourcing does not necessarily reduce production 

costs for AB Ltd. The results show that in-house production is cheaper compared to 

outsourcing.  In addressing objective two, the study results endorsed the researcher 

to draw another conclusion that production outsourcing does not have positive 

influence in managing and supporting increased customer demands. This was based 

on the null hypothesis that was rejected in both aspects; hence the study supported 

the alternative hypothesis. The recommendations were that; AB Ltd should outsource 

the right components; no outsourcing should be implemented for parts that will have 

direct impact on AB Ltd’s customers and lastly, not to consider cost only as a main 

reason to outsource. 
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1. CHAPTER 1: INTRODUCTION 

1.1 Introduction  

Manufacturing companies undertake a wide range of supply chain initiatives in order 

to find a better way to increase performance. One of these initiatives is outsourcing 

production, measuring its overall operational performance and its components. This 

can be done by firstly measuring the product’s raw materials and purchased item’s 

order lead–times, manufacturing cycle time and operating equipment effectiveness 

(Kenyon, Meixell and Westfall 2016). On a study from the United States, (US) there is 

great re-shoring in procurement of components, material and services by returning 

back production and service functions back to the US (Abriyantoro et al. 2019).  

Also, in a study conducted at Eskom (South Africa’s power utility provider) Distribution 

South Africa; results showed that outsourcing of core business deliverables has an 

influence on the business performance. There was also a positive impact on internal 

employees’ motivation by outsourcing core business deliverables at Eskom 

Distribution South Africa (Magagula 2017).It is common that management in 

manufacturing firms is faced with a decision-making challenge of whether to outsource 

or manufacture in-house. Hence, this study is focused on the approach of outsourcing 

under the production planning and operations management disciplines at AB Ltd.   

Outsourcing is one of commonplace method in the U.S for services as well as 

manufactures service providers, mainly due to increased supply chain 

competitiveness of the global environment (Coyle 2017). A study showed that one-

third of US businesses plan was to move goods and services work back to the US 

during the next coming 12 months starting from January 2015 the following year (Bond 

2014). This trend is due to disappointment in the results of original outsourcing 

decision together with the changing global cost structure (Hagerty 2012). However, 

since 2008, South Africa had come to be one of the forthcoming offshore destinations 

for business process outsourcing (BPO). The estimated market was 182 billion dollars 

globally by 2013. South Africa was evaluated as a BPO destination, the research found 

that for other countries, value proposition is often cheaper (Abriyantoro et al. 2019) . 

The reason is that SA’s value proposition is not cost based like other countries but is 

all about overall economic value, strong cultural compatibility and high quality service 

and staff (Craig, Lacity and Willcocks 2014). 
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AB Ltd is one of five operating divisions (ODs) in South Africa(SA); this means that the 

company belongs to a group of five operating divisions across SA. The other four are 

AC Ltd, AD Ltd, AE Ltd and AF Ltd. AC Ltd is a freight rail state owned company 

responsible for moving freight throughout the length and the breath of South Africa. 

The operating division’s (OD’s) responsibilities are as follows:   

 AC Ltd moves freight through goods trains.  

 AD Ltd is the landlord for all operating divisions.  

 AE Ltd is responsible for shipment of goods.  

 AF Ltd is responsible for moving goods underground.  

AC Ltd’s core business is to manufacture and refurbish components, subcomponents 

and sub-assemblies from raw material and parts, convert them into final products such 

as locomotives, wagons and straddle carriers. These products are then supplied to 

other operating divisions mostly AC Ltd, which is a customer for the locomotives and 

wagons as well as to other external customers in the South African mining industry.  

The study focused on outsourcing, which is a practice used to reduce costs by 

transferring some portions of work to external suppliers rather than completing work 

in-house (Arnold 2000). There are also two existing theories that contributed to the 

study which were useful during the investigation. It was the third-party logistics (3PL) 

theory and the purchasing and supply management (PSM) theory. High production 

cost gaps identified in these theories led to the proposal of the new study that was 

completed.  

It was found that firms involved in outsourcing their production activities experienced 

a reduction in manufacturing cycle times, moderate increase in customer order lead 

times. This has resulted in moderate, but significant decrease in on time delivery rates 

(McCarthy and Anagnostou 2004). It was then fair to select existing papers around 

outsourcing because solutions to high production costs were still not entirely available 

and unclear. The results of the study will therefore be very valuable to AB Ltd senior 

management as well rail manufacturing sector in production and operations 

management decision-making as well as to other researchers. 
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Since the study followed outsourcing under production planning and control (PPC) 

approach, it was important to introduce the approach. Production planning and control 

(PPC) are strategies that work together in the manufacturing processes. What to 

produce, how much to produce, when to produce is what is involved in production 

planning. Production control is the use of technical techniques throughout the 

production system in order to optimize performance to realize throughput results 

(Dahlgrün and Bausch 2019).  

The diagram below demonstrates the relationship between production planning and 

control. 

 

Figure 1-1 Production planning and control 

Source: (Nikos I. Karacapilidis 1996) 

 

1.2 Problem Statement  

On several occasions, AB Ltd has been faced with risks of not meeting its monthly 

targets as well as producing products at a high cost. This was due to a various number 

of uncertain  that include inefficient production outsourcing practice, short supply of 

subcomponents to the production line due to machine breakdowns, longer process 

times, higher operating costs and longer raw material lead times from external 

suppliers. Therefore, this gap has been identified to conduct a study on this reoccurring 
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problem in the organization. In some occasions, some components are outsourced 

but production targets are still not met at the end of the day due to either late deliveries, 

poor quality or other reasons.  

1.3 Significance of the Study  

The importance of the study is to assist AB Ltd senior management in making 

decisions around production outsourcing. The study will also assist the rail 

manufacturing sector especially management responsible for production planning and 

operations management. The study will also show the extent in which outsourcing 

affects operating costs, its influence in production costs and detail on how it supports 

increased demand. The paper will also give AB Ltd management an understanding on 

when, how, and what to outsource.  

1.4 Research Questions  

1.4.1 Main Research Question   

How effective is production outsourcing in increasing production efficiency?  

1.4.2 Hypothesis Statements and Research Questions  

Hypothesis statement 1: Production outsourcing cost is the same as in-house 

production cost. 

Hypothesis statement 2: Production outsourcing has influence in managing and 

satisfying increased customer demands. 

 Can production outsourcing reduce operating costs?   

 Does production outsourcing provide a flexible solution to address changing 

demand patterns?  

 Can production outsourcing have an influence on customer satisfaction?  
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1.5 Aim of The Study  

The aim of the study is to evaluate the production outsourcing effectiveness in the 

rolling stock manufacturing sector. A study was initiated and conducted in order to 

determine whether benefits of production outsourcing exist in the organization. Since 

most outsourcing decisions are motivated by cost factors, the study focused on 

different businesses that produce various types of products for the rail industry at AB 

Ltd.   

1.6 Objectives  

The objectives of the study are:  

 To investigate how outsourcing could reduce production cost.  

 To investigate if outsourcing has an influence on managing and satisfying 

increased customer demands. 

1.7 Research Methods  

The research approach that was employed in this study was a mixed method. Since 

the study has two objectives, it also adapted two methods per objective. However, 

overall, the study is classified as a fundamental type of research (Harland et al., 2005). 

It focuses on addressing the problem of inefficiency as far as production activities are 

concerned at AB Ltd. The reason for selecting this type of approach was the need to 

measure variables and perform hypotheses testing (Khademi 2015). There was also 

a need to understand the production flow and lastly obtain customer satisfaction 

opinion from employees at TE Durban. The methods focused on the examination of 

production and outsourcing cost, processing times, order lead times and a set of 

questions asked from the population. 

For objective one, looking at historical data by obtaining records of parts that are 

manufactured in-house, outsourced, as well procured externally from suppliers, used 

document analysis method. Data analysis method was Chi-Square test, which falls 

under descriptive statistics methods was employed to analyze the variance in cost of 

outsourcing versus in-house production 
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For objective two, a link via email, of all questionnaires for closed ended questions 

which was sent to the company employees of the six different businesses in the plant 

was used. Feedback was summarized after a Likert Scale technique was used by the 

participants to mark the levels of agreement, where 1 is strongly disagree and 5 is 

strongly agree (Norman 2010). Analysis method used was hypothesis t-test for 

descriptive statistics analysis. 

Table 1-1 Objective vs method used 

Objective 
no. 

Objectives Collection and Analysis Methods 

Objective 1 
How outsourcing can 
reduce production costs. 

Document analysis: Historical data of outsourced parts and 
assemblies was obtained from Systems, Applications & 
Products in Data Processing (SAP), then exported to 
Microsoft excel. A chi-square test method to be employed 
to analyze the data, using both Microsoft excel and 
Statistical Package for the Social Sciences (SPSS) software. 

Objective 2 

Influence of production 
outsourcing in managing 
and supporting increased 
customer demands. 

Survey: online questionnaire to get attitudes and opinions 
from employees about customer satisfaction and 
outsourcing response to increased demands, using 5-point 
Likert Scale technique to collect and gather responses. Data 
analysis method used was hypothesis t-test using both 
Microsoft Excel and Statistical Package for the Social 
Sciences (SPSS) software.  

1.8 Research Scope and Limitations  

The purpose of the study was to seek knowledge on the influence of outsourcing 

production in AB Ltd. The study was conducted at Transnet Engineering division in 

Durban, Kwa-Zulu Natal (KZN), South Africa. The research scope covered six 

business units namely: locomotives, coaches, rolling stock equipment (RSE), wheels, 

wagons and ports. Limitation was on selecting not more than twenty commonly 

outsourced components per business unit in the past 2 years. Duration of the whole 

study was completed over twelve month excluding six months of planning. Transnet 

Engineering has other centers located in other provinces in South Africa (SA) 
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producing similar components and subassemblies; however, the study was done in 

the Durban plant only.  

1.9 Dissertation Format  

This chapter presents the structure of this thesis, which is followed by short description 

of each chapter. 

Chapter 1: Introduction  

The introductory chapter addresses the background of the topic and gives an 

understanding of the context studies. The concept of outsourcing and production 

planning is also introduced. Collectively, the introduction chapter leads to problem 

statement, significance of the study, research questions, aims, objectives, research 

methods and research scope and limitations. 

Chapter 2: Literature Review   

This chapter covers what was learnt from previous contributors around outsourcing. 

This chapter will include the overview of theories viewpoint to understand outsourcing 

in production planning and its driving forces.  This is about reviewing a number of 

sources closely related to outsourcing production.  

Chapter 3: Methodology   

The methodology of the study is addressed in this chapter. The chosen research 

approach is discussed giving an overview of the process of the research. Data 

collection, instruments, data treatment procedures are discussed on this chapters. The 

chapter ends by summarizing how work was done in ensuring good quality of the 

study. 

Chapter 4: Data Analysis, Interpretation and Discussion of Results  

This is where actual findings, validation of results are explained. The discussion on the 

interpretation of the results were also addressed in this chapter.  
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Chapter 5: Conclusions and Future Considerations   

This is where concluding remarks of the overall study of are found. It is also where the 

study indicated whether the objectives were met or not, with regards to the study 

approach used. Opportunities for further research are also discussed in this chapter. 

No new data and information is presented in this chapter.  

1.10 Conclusion  

This chapter has provided a background of the company where the study was 

conducted. One of the reasons the company’s background was given is that the rail 

sector has limited companies in South Africa (SA), and its processes and products are 

not obvious to the public and to other parties in the manufacturing sector. This chapter 

also outlined the background of the study; the research hypotheses identification was 

also stated. The chapter also introduced the research design and methodology chosen 

for this study. 

 

 

 

 

 

 

 

 



 
 
 

9 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

2. CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

A survey of selected papers written and published on outsourcing are presented and 

reviewed in this chapter. This is the chapter where a background of larger works that 

were previously addressed are discussed in depth. Review from a number of sources 

closely related to outsourcing was analyzed and synthesized. It is important to also 

note that not all the literature under outsourcing was explored in this chapter; those 

literature not relevant were excluded accordingly. Majority, but not all the literature that 

was explored was around manufacturing firms either. The chapter also reviewed 

studies that were conducted in other industries that provide services and not goods or 

tangible products. The reason for reviewing effectiveness of production outsourcing in 

general is to uncover the extent of work done to establish the contribution of this study. 

It is also important to note that each source had its own unique contribution. At the 

end of the review discussion, contradictions, gaps and unanswered questions were 

noted. 

2.2 Defining Outsourcing 

Valiyattoor (2020) stated that outsourcing is a practice that falls under management in 

order to make decision-making units more competitive and productive. Even though 

outsourcing has been recognized in the strategic management literature in the recent 

times, its basic principle was portrayed in economic theories many years ago. For 

example, a division of labour as a source of efficiency via specialization was identified, 

which eventually could result in economic prosperity. The basic difference between 

division of labour and outsourcing is that the previous focuses on labour activities that 

are not beyond a firm, while the latter allows for tapping the benefits of specialization 

across the firms. He further states that outsourcing occurs when companies have to 

choose whether to perform activities internal themselves or having those activities 

performed by others anywhere in the world. Outsourcing can also be an attractive 

option to internal investment to enhance the development of new capabilities and 

skills. In some instances, it can be treated as a business strategy of making more by 
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doing less, lastly it was also found to be an emerging practice among manufacturing 

units but to two other sectors of the economy called agriculture and services. 

There are also many arguments in favor of outsourcing, there is surprisingly few 

studies that proved after systematical analysis that the outcome of outsourcing on 

plant performance is excellent. Furthermore, the study was based on a wide-scale 

survey on a representative sample of Swedish engineering plants. The results 

displayed no significant effects from outsourcing manufacturing on plant operating 

performance. Only 5% of plants surveyed achieved significant edits from outsourcing 

(Bengtsson and Dabhilkar 2008). It is also stated on (Bengtsson and Dabhikar, 2008) 

study that the outsourcing of support activities has merely any effects of manufacturing 

performance. 

In spite of outsourcing remaining a commanding strategic choice for managers, the 

understanding of its effect on the company stays deficient. In another study, the focus 

was on empirical information surrounding contingencies that determine if and in what 

manner does outsourcing affect the firm’s permanence (Lahiri et al. 2022). Precisely, 

the form of value chain activity, core and non-core, nature of industry activity, that is 

service and manufacturing, and lastly, the provider’s location (international and 

domestic), affect performance. The study conducted a meta-analysis of 121 samples 

from 106 primary studies, lengthening over 28 years between 1992 and 2019 (Lahiri 

et al. 2022)  

Lahiri (2022) also found that outsourcing firm performance is exceptional. In support 

to the statement, the results showed that the partnership is stronger for non-core 

outsourcing than core outsourcing. The results also demonstrated that positive 

relationship is stronger for international outsourcing when compared with domestic 

outsourcing. Lastly, the results showed that there is no variation across manufacturing 

and service outsourcing. 
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2.2.1 Global Outsourcing Strategy 

Mazzola (2019) states the effect of global sourcing strategies is also revealed. 

Consequences of manufacturing outsourcing and captive-offshoring modernizing of 

the firm were studied. Data from a sample of three hundred and sixty-eight 

manufacturing firms that were listed on National Association of Securities Dealers 

Automated Quotations (NASDAQ) stock exchange was collected, and then hypothesis 

was tested thereafter. In the same breath, it is mentioned that although global sourcing 

strategies like outsourcing and captive-offshoring has an expanding tendency in 

manufacturing sector, their influence on a companies’ capability to modernize, more 

likely on new product development is not limited only, however also provides 

contradictory and confusion debates (Kotabe, Murray and Mol 2008). 

The findings were that either in a spot manner or over long period, managers should 

be familiar of the consequences of outsourcing and captive-offshoring manufacturing 

(Mazzola, Bruccoleri and Perrone 2019). A need to search for equilibrium by managers 

between adapting captive-offshoring for a short period compared to many years was 

needed. There is still a gap as to whether to go for captive-offshoring or manufacturing 

outsourcing, or both at this stage. At AB Ltd the effectiveness of production 

outsourcing is still to be studied so results and findings from Mazzola (2019) will 

contribute positively to the research. 

In the same breath, the argument is based on two specific effects which are positive 

and negative. These effects shape the influence of outsourcing and captive-offshoring 

strategies on new product developments. As illustrated in Figure 2-1, two aspects 

within the timeline of adoption of such précises are identified. Perseverance reports 

excellent circles that arise for the firm if it carries on in applying such practices until 

the access to external expertise and resources. The persistence reports bad circles 

the firm experiences when it persists longer in implementing these strategies. While 

the opposite side of the figure y-axis reflects a situation in which the company follows. 

Furthermore, reflecting the outsourcing/captive offshore over one year, as well as in 

an event the company utilizes these strategies for more than one year. 
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Figure 2-1 Expected effect of keeping outsourcing/captive-offshoring over the years 
on new product development  

Source: (Mazzola, Bruccoleri and Perrone 2019) 

2.2.2 Outsourcing Drivers 

There are many drivers that seem vail for services, manufacturing and information and 

communication technology (dictionary) outsourcing. The most popular driver with a 

proclaimed beneficial result is reduction of cost. There are also some motives that 

include the release of resources as well investment avoidance. The conceptual 

understanding of outsourcing is more strategic, it focuses more on core competence 

and differentiation which allows access to new opportunities to construct faster product 

development (Bengtsson and Dabhilkar 2008). The theories and models that try to 

help identify what should be outsourced, what should be kept in-house or insourced. 

Transaction cost economic (TCE) is used as basis to compare cost of in-house 

manufacturing and collected cost of buying the corresponding products and services 

(Ellram and Billington 2001). 
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The factor that is commonly decisive on whether to outsource or not is asset specificity. 

The logic behind this is that different investments and assets are similar and precise 

to a particular plant (Bengtsson and Dabhilkar 2008). The assets and competencies 

with low specificity stand a higher chance of being outsourced, while assets that have 

a high specificity are most likely to be kept in-house. In basis for many models, core 

competence concept is commonly adapted. Characteristics of plant’s core 

competencies are as follows: 

 They are rare and particularize the plant from its competitors. 

 They are sustainable and difficult to duplicate. 

 They may be utilized in various products and markets. 

Problems in non-core activities are also as follows: 

The candidates of outsourcing are commonly activities that are defined as non-core; 

however, there are some challenges with this type of model.  

 

 Defining what is rare and differentiating is one of the challenges that is 

encountered.  

 Another problem is that the competencies are active and as a result, the 

technological and market changes can be unpredictable. This means that the 

current core may change to non-core tomorrow, vice versa.   

 Plant competencies are organized by nature, meaning there is some 

dependency in between abilities that make the core and the support core 

activities. 

Although the main drivers of outsourcing are generally well known, the question of 

what explains logistics outsourcing decision with the United Kingdom Uair 

pharmaceutical manufacturing industry remains researched less (Ali et al. 2023). 

Logistics outsourcing is a practice mostly used by firms to enable them to penetrate 

capabilities that they lack internally. The study aimed at bridging the above mentioned 

gap in the literature. The study surveyed 49 drug manufacturers located in the UK, 
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using a web-based questionnaire. Logistics regression, exploratory factor analysis, 

and t-test was used to analyze the data. The study found that UK drug manufacturers 

consider bettering reliability and quality and reducing logistics costs as the most 

significant reasons for outsourcing logistics services. Furthermore, it was also found 

that a direct positive relationship between the service provider’s techno-commercial 

offering and delivery performance, the possibility of being selected to offer these 

activities in the UK pharmaceutical manufacturing industry. The study’s findings can 

be used to guide outsourcing decision makers like managers about the selection of 

Logistics service providers (Ali et al. 2023). 

2.2.3 Processes of Outsourcing 

According to Zhu (2017), logistics outsourcing has been adopted broadly by 

manufacturing firms as a means to drop costs and increase flexibility. In order to 

achieve these outcomes, logistics outsourcing processed must be managed through 

relevant governance mechanisms. The study aimed at shedding light on the effects of 

outsourcing management process (OMP), that is an operational mechanism on the 

following two types of logistics’ services: 

 Basics outsourcing 

 Advance outsourcing 

 

A survey data collection was conducted from two hundred and fifty subsidies of publicly 

listed manufactures in China. This was done after drawing of resource-based views, 

and then validation of the proposed model was based on the subsidies listed in China. 

Results announced that OMP affected the effectiveness of the two types of logistics 

outsourcing in a different manner each (Zhu et al. 2017).  

On the other hand, basic logistics outsourcing affected cost and delivery precisely, 

advance logistics outsourcing influenced the performances along interaction with OMP 

(Zhu et al. 2017). It is also important to note that Zhu’s (2017) study was the first study 

to report this relationship. Furthermore, his study contributed by showing the 

conditional utility of OMP and its service-dependent nature. This literature will be so 
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useful in trying to solve the problem currently faced by AB Ltd because there is a 

relationship between the types of industries, all the firms that were used to collect data 

were manufacturing firms like AB Ltd. Secondly, at the moment there is no proper 

OMP at AB Ltd, at the end of the research the possibilities of recommending an 

implementation for one are very high. Below in figure 2 is the conceptual model during 

the development of the hypotheses: 

 

 

Figure 2-2 Conceptual model  

Source: (Mazzola, Bruccoleri and Perrone 2019) 

2.2.4 Effects of Outsourcing 

Firms commit on variety of supply chain initiatives to improve their performance. Of 

particular interest to many practitioners and academics are the mixed outcomes that 

result from implementation of what is commonly viewed as a best practice. In a 

previous study, one popular practice called production outsourcing was studied with 

effects on the firm's overall operational performance. The study also looked at its 

manufactured components as well as customer loyalty. An analysis was completed on 
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secondary data across a wide variety of industries using data from a survey of 

manufacturing plant managers.  Attention was drawn on resource-based view of the 

firm together with the supply chain and quality management literature to help in 

forecasting the operational performance to be expected when outsourcing production.  

The analysis discovered that production outsourcing has deleterious effects on 

operational performance, with significant reductions in operating equipment 

effectiveness and on-time delivery. The study `also found that production outsourcing 

has a negative influence on customer loyalty when conciliated through operational 

performance. This research also makes methodological contributions in the 

development of robust measures of operational performance and related variables 

(Kenyon, Meixell and Westfall 2016). In the same breath this study found that firms 

that have practiced production outsourcing activities faced a reduction in 

manufacturing cycle times  and a moderate increase in customer order led times 

(Kenyon, Meixell and Westfall 2016).  

McCarthy, Anagnostou and Broedner’s (2004) findings from a study showed similar 

results, the results suggested that either the management team making the 

outsourcing decision does not entirely understand the value and sustainability of the 

outsourced activities. Study also suggest that other organizational reasons are driving 

the outsourcing decisions. Some of the organizational reasons include the need to 

maintain a relationship with supplier due to changes on demand, shift towards new 

product and in some instances environmental reasons in the marketplace (McCarthy 

and Anagnostou 2004). To the effect of lower operational performance, this study also 

found that firms that decide to outsource some portion of their activities on production 

lost customers. This led to customer retention to be reduced thus resulting in additional 

expense to replace those defecting customers, which eventually erodes profit, and 

drive the firm to be less competent. However, this study does not stipulate if the rail 

industry (for example AB Ltd) is affected or not, therefore a need to continue with 

another study is essential. 
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Another study investigated the outsourcing versus insourcing decision for a 

manufacturer, facing carbon emission-sensitive demand and price, and an 

environmental regulation in the form of a carbon tax. The carbon emission considered 

was emission generated during the production phase. Among manufacturer and 

supplier, revenue sharing and cost sharing contracts, the outcomes were investigated. 

In case of outsourcing, the transportation emissions, were also considered. The 

impacts of customer’s environment awareness, carbon tax, market potential, price 

sensitivity and supplier location on the outsourcing vs. insourcing decision, the 

environmental performance and the selling price, were studied. The results revealed 

that a higher customer’s environmental awareness, a larger market potential and a 

longer distance among supplier and the manufacturers favor insourcing than 

outsourcing, although a higher carbon tax and a higher price sensitivity favor 

outsourcing. Whereas the insourcing versus outsourcing decision has been commonly 

modeled and studied in the literature. There were a few works fused into 

environmental considerations as well the contract arrangements into the decision, 

then investigated their impacts on the firm’s strategy (Kandil, Hammami and Battaïa 

2022) 

2.2.5 Benefits of Outsourcing 

Previous studies outline that in general, outsourcing enables organizations to become 

more flexible in setting production to variations in market demand and unpredictable 

changes. The study also suggests that outsourcing provides organizations with a 

number of technical, economic and strategic befits such as reducing information 

technology (Craig, Lacity and Willcocks 2014). Also, operation costs, by providing 

organizations with competitive advantages and improving technical competence finds 

a positive correlation between outsourcing ad overall deliverables (Magagula 2017).  

Below are some the advantages of outsourcing: 

 Low cost 

 Risk management and continuity 
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 Quicker and improved services 

 Access to advanced resource skills 

 Main object activity specialized to ensure increased profit 

 Flexibility in order fulfill the service needs 

Freight trip generation (FTG) studies from before have made no contrast between 

insourced and outsourced variants of trips and the linked selection of truck types, 

despite the improvement in the logistics choices. Lack of FTG data disregarded by 

logistics outsourcing and the type of truck decisions have customarily neglected the 

ability of previous studies to untangle the complex exchange between freight trip 

frequencies and offer insights. The different truck types studied were low duty vehicle 

(LDV), medium duty vehicle (MDV) and heavy duty vehicles (HDV). Without the explicit 

considerations in the FTG meddling exercise, the travel decisions by logistics service 

choice (outsourcing vs. outsourcing) and different truck types (HDV vs MDV vs LDV) 

can be practiced due to common factors. The paper addressed the literature gap by 

collecting establishment based freight survey data. It then analyzed the trips on 6 

different freight categories named below: 

 Insourced LDV trips 

 Insourced MDV trips 

 Insourced HDV trips 

 Outsourced LDV trips 

 Outsourced MDV trips 

 Outsourced HDV trips 

The study’s findings acknowledge the presence of complementary and substitution 

effects between freight trip decisions as well as additional calculation responsibility 

resulting from the simultaneous model estimation. It appeared to be justified for 

bettering the logistical foundations of FTG models (Pani, Mishra and Sahu 2022). 
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2.2.6 Risks and Control of Outsourcing 

The control and risks over outsourcing are a great concern to vendors as well and the 

client. Even though impact of control performance is known and was studied in the 

past, client and vendor relationship control-performance have not been combined into 

one unit. After data was collected from two hundred and thirty-four business process 

outsourcing projects by using paired quantitative strategy, it was shown that outcome 

control is more effective than process control (Liu, Wang and Huang 2017). The 

capability risk of client and vendor act as neutralizing roles on the effect of outcome 

control and process control as far as performance is concerned. When the 

effectiveness of outcome control is low, the effect of process control on performance 

is at its peak, all this occurs in the presence of high vendor capability risk. In other 

words, high effectiveness of outcome control is a result of high client capability risk but 

low effectiveness of process control (Liu, Wang and Huang 2017).  

It is visible that various attributes generate different levels of performance under 

different control modes. In regard to control, either client or vendor capability risk play 

a role of a dual edge sword. In managing outsourced projects, enforcing control for 

both client and vendor for a risky situation should be always considered (Liu, Wang 

and Huang 2017).The results illustrated on Figure 2-3 show that the outcome control 

is more effective than process control in an outsourcing situation despite the fact that 

both formal modes affect the performance of BPO projects positively. Furthermore, 

the results suggest various control modes have different elements and also generate 

different performance levels.   
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Figure 2-3 Interaction graphs  

Source: (Liu, Wang and Huang 2017) 

2.3 Production Approach 

A need to elaborate on the production theory was essential for the study since 

outsourcing revolves around it. Theory of production refers to the study of production 

and the economic process of producing outputs from the inputs. During the process, 

resources are used by production to make goods and services that are best for use or 
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exchange in the market economy. Across the globe, some economists define 

production as the entire economic activity other than consumption. The final purchase 

is the only activity they do not see a commercial activity on. Production also uses 

resources that include manufacturing, storage, shipping and packaging (Shekhat 

2016).  

Shekhat (2016) defines a production process as a process that takes place over time 

and space, a flow concept. It is measured as a rate of output per period and there are 

three conditions to production processes namely: 

 Form of the good ad service created 

 Quantity of the good or service produced 

 Temporal ad spatial distribution of the good or service produced 

It’s important to also define a production process; Shekat (2016) further states it is 

defined as any activity that boosts similarity between the patter of demand for goods 

and service, as well the quantity, shape, form, size length and distribution of all the 

goods and services available to the marketplace. Production is a process of bringing 

together different material inputs and immaterial inputs in order to produce something 

for consumption (output). What has value and contributes to the utility of individuals is 

the act of creating output, and a good or service. 

2.3.1 Production Functions 

Firms use the production function to establish what mixture of inputs they should use 

to produce, give price of capital and labor. They also used production function to 

establish how much output they should produce to give the price of a good. There is 

more production function named below from (Shekat 2016) study: 

 Production function relates physical output of a production process to physical 

input or factors of production in economics.  
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 It also plays a mathematical function that describes the maximum amount of 

output that can be gained from a given number of inputs, which are usually 

labor and capital.  

 The boundary and edge representing the limit of output that is gained from each 

possible mixture of inputs is described by the production function.  

 Marginal costs that are increasing ca identified u utilizing production function. 

2.3.2 Classifications of Production Systems 

Production system refers to a set-up of the organization that is committed in producing 

products. It is a function in which resources are organized and converted into a 

product, where a process facilitates adding value to that product. There is four 

production system classification, and are discussed below. 

 Job-Shop Production 

Job-shop production are categorized by manufacturing one or few qualities of 

products. These products designed and produced as per the specification of 

customers within time and cost that is fixed prior. What makes this type of production 

unique is its low volume ad high variety of products produced. Since job-shop 

production requires general purpose machines and facilities, a variety of products ca 

e produced which makes this one of the advantages of it. Another advantage is that 

operators will become extra skilled ad trained due to that each job gives them an 

opportunity to learn (Mahmoud 2015).  

 Batch Production 

Batch production is defined by America Production and Inventory Control Society 

(APICS) as a form of manufacturing in which the job passes through various fictional 

departments in lots and batches. Each lot and batch may have a unique routing. This 

type of production is characterized by the manufacture of narrow number of products 

typically produced at intervals ad stocked awaiting to be sold to customers (Mahmoud 

2015). There are some advantages that are associated with batch production, which 
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include, better utilization of plant and machinery, lower cost per unit, lower investment 

in machinery, plant, and promotion of functional specialization. Although advantages 

exist, there is complex material handling due to irregular and longer lead-time parts 

that flow in the shop. Production planning and control is also complex in this type of 

production, which is considered as a limitation together with the complex material 

handling. Furthermore, batch production is associated with some of the below 

characteristics:  

 Flexible plant and machinery. 

 Production runs that are shorter. 

 Cost and manufacturing lead-time are lower as compared to job order 

production. 

 

 Mass Production 

This is the manufacturing of discrete components or assemblies using continuous 

process. Large volumes of production outputs justify this type of production system. 

The manner in which machines are arranged also unique from other production 

systems, they are in a line or product layout. Process ad product standardization if 

found here, and all its output follow the same path. Furthermore, mass production 

also has its ow characteristics that include shorter cycle times, lager volumes of 

products, lower in process inventory, perfectly balanced production lines, 

standardization of product and process sequence. Advantages for using mass 

production include higher rate of production with reduced cycle time, higher 

capacity utilization due to line balancing, less skilled operators are required, low 

process inventory and manufacturing cost per unit is low  (Mahmoud 2015). 

Limitations are also found in this production system and are as follows: 

 Investments are high in production facilities. 

 The longest operation determines the cycle time. 

 Major changes required to line layout due to changes I product design. 

 An entire production line will be stopped due to breakdown of one machine.   
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 Continuous Production 

This type of production also found in AB Ltd manufacturing facilities, production 

facilities here are arranged as per sequence of production operations from the first 

operation to the final product. Material handling devices such as conveyers, transfer 

devices are used in order to allow the flow of items through the sequence of 

operations. Advantages of using this production system include having higher rates of 

production with reduced cycle times, standardization of product and process 

sequence, manpower is not required for material handling as it is completely 

automatic. The unit cost is lower due to due to high volumes of production, higher 

capacity utilization due to lie balancing, and person with limited skills can be used on 

production line. Continuous production can also be characterized by the following: 

 Planning and scheduling are a routine action. 

 Material handling function is automated fully. 

 Parts and components are not identified with final product.  

 Plant and equipment have no flexibility at all. 

 Sequence of operations follows a predetermined process. 

The relationship between production volume and product variety is displayed on the 

figure below. It is clearly visible that when production volume is high, there is less 

product variety realized and when the variety is high there is less production volume. 

Figure 2-4 reflects the classification of production systems that have been explained 

in detail on above paragraphs. 
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Figure 2-4 Classification of production system 

Source: (Mahmoud 2015) 

 Production Planning and Control 

PPC systems are utilized to organize operating materials in a firm. PPC systems are 

software systems used to plan and schedule manufacturing resources such as 

personnel allocation and machinery. Requirements of these systems are subject to 

change sue to various types of drivers and currently affected by digitalization as well 

Cloud Manufacturing (CM) program. The study further states PPC systems consists 

of several modules listed below: 

 Data base 

 Knowledge base 

 Modules that generate plans and schedule  

 User interface 

Study further states that there are some requirements that should be fulfilled by the 

system, during implementation of such systems. Database needs to accurate, 

consistent and complete. The planning the has access to the entire information 
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necessary for an optimal plan. Data basis newly developed systems depend on object 

orientated implementations. Information on available resources, their abilities with 

operations, material and resource consumption is provided by the database. The 

difference between dynamic and static planning data of a PPC system can be 

distinguished.  

The first data is the input to the system in most cases. The number of products, due 

date, processing costriats and priorities is some of the data included. Data that is 

mostsly depended on the plan and optimization is summarized as “dyanamic date”. 

Example include idle time of machines, job tardiess and start and end time. PPC 

systems are issued with a knowledge-base that provide rules for a unique type of 

situation.  

The knowledgebase is accessed by the planning module. Planning algorithms can 

also be different in their basic structure. During implementation of a PPC system, some 

with interactions with the user are noted and are of importance.  This is when 

visualization of solutions needs to be taken into account. These are dispatch-lists ad 

input-output diagrams, Gantt charts, there are also many more. At times, schedule 

challenge is formulated as mathematical problem. This is when an objective has to be 

minimized. The suitable description and algorithm for solving this problem is additional 

exercise that is not covered on the study thus making it a gap. 

2.4 Production Efficiency 

Since the study is about the effectiveness of production outsourcing, it was essential 

to define and highlight how efficiency is measured. Production efficiency means 

producing the maximum quantity of output possible with a given set of inputs. The 

study also notes that production frontier is just the maximum output possible for each 

mixture of inputs. Companies that produce on frontier are regarded as efficient and 

companies inside the frontier are inefficient.  

This study investigated the outsourcing versus insourcing decision for a manufacturer, 

facing carbon emission-sensitive demand and price, and an environmental regulation 
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in the form of a carbon tax. The carbon emission considered was emission generated 

during the production phase. Among manufacturer and supplier, revenue sharing and 

cost sharing contracts, the outcomes were investigated. In case of outsourcing, the 

transportation emissions, were also considered. The impacts of customer’s 

environment awareness, carbon tax, market potential, price sensitivity and supplier 

location on the outsourcing vs. insourcing decision, the environmental performance 

and the selling price, were studied. The results reveled that a higher customer’s 

environmental awareness, a larger market potential and a longer distance among 

supplier and the manufacturers favor insourcing than outsourcing, although a higher 

carbon tax and a higher price sensitivity favor outsourcing. Whereas the insourcing 

versus outsourcing decision has been commonly modeled and studies in the literature. 

There were a few works fused into environmental considerations as well the contract 

arrangements into the decision, then investigated their impacts on the firm’s strategy 

(Kandil, Hammami and Battaïa 2022). 

2.4.1 Measuring Efficiency 

The measure of efficiency can be illustrated by considering an industry which uses a 

single input, at most one-unit output is produced as a result of converting one unit of 

the input. There is also what is called technical efficiency, this is simply the ratio of 

quantity an efficient company could have used to produce a unit of output to the 

quantity used by the company being evaluated. If a firm does not operate at the optimal 

scale or by making poor use of input scales, they can be considered inefficient. 

According to Burki and Terrell (1998) there are also two additional measures of 

efficiency sources used to determine source of inefficiency below: 

 Scale efficiency - measures the output loss due to operating at inefficient scale. 

 Pure technical efficiency – measures efficiency at the firm’s current scale.  
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2.4.2 Manufacturing Productivity 

Although manufacturing productivity also known as measurement of value added per 

hour, considerably varies from country to country, on average, manufacturing 

productivity is higher in United State (US) operations compared to Japanese and 

European operation (Baily, Bosworth and Doshi 2020) . The gap that is identified 

however is why there is so much international productivity variation. This study 

explored international productivity differences in manufacturing sectors across Japan, 

Germany and US. An extension and a reinforcement of the industry of origin method 

was developed. The method was to provide the new measures of productivity in nine 

industries that are located in the three counties mentioned earlier. The different 

industries are automobiles, beer, food, automotive parts, metalworking, steel, 

consumer electronics, soap and detergent. The study looked at two levels of 

explanation, which are production process level that focuses on the variation between 

capital, technology and skills. The second level the study looked at was why managers 

would opt to operate in different ways for different environment. How managers 

change production processes. 

The study notes that relative factor process among the three countries is not 

consistent. The gap was among the labour productivity and observed variation on 

manufacturing design. The way functions and activities are arranged did not seem to 

be driven by relative price comparison. Furthermore, study notes that when companies 

based in certain country and set up operations in another country, they usually adapt 

with them the productivity level and production process of their home country. Based 

on this factor, it is evident that managers do not only react to price factor differences 

but to company policy factors (Naicker 2017).  

2.5 Manufacturing 

Manufacturing is defined as the industry or business of producing goods in large 

quantities in factories (dictionary 2020) (Oxford: 2020). This description then 

insinuates the idea that the manufacturing of such goods can either be manufactured 

by hands or by machines and upon completion, they are sold to customers 
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(Chryssolouris 2008). This asserts that there is a need for a reduced development 

time, thus a proper manufacturing process has to be followed which begins with a 

product design. (Walker 1993), in discussing the history of manufacturing, outlines that 

in the past, an artisan with assistants carried out the whole process of manufacturing. 

Walker (1993) further mentions that most manufacturing occurred rural backgrounds 

where household manufacturing served as a main manufacturing source. This was 

visible in the case of agricultural homesteads where in some cases, these homesteads 

were organized to form an organization or group-like production, something that still 

currently occurs in today’s modern days.  

Walker (1993) states that the first factory system was adopted in Britain in the late 18th 

century, a time characterized as the beginning of the industrial revolution. This then 

was spread across the world. Walker (1993) goes on to explain that the main 

characteristic of this era was the use of machinery, which was firstly powered by water 

or steam and later powered by electricity.  This then continued to the introduction of 

mechanized assembly line where the assembling of parts in a repeatable fashion took 

place, where individual workers performed different specific steps for the product 

finalization. Introduction of machinery in the process of manufacturing yielded results 

of increased efficiency and lowering the cost of production (Westkamper 2007).  

Further from this process, automation was introduced, which further decreased the 

need for humans in the process of production, as there was a trend that accelerated 

the development of computer usage. This is also the issue in the case of developments 

at Transnet, overtime, with the change of things in the world and adaptability to modern 

ever-changing times.    

In manufacturing, innovation is essential since it is the core driving force for 

continuously providing the customers with the best product. It also helps in keeping 

the products of the manufacturing industry completive. Around the world, the loss of a 

wide scale of low skilled jobs in manufacturing is a reality for a dozens of regions 

globally (G. Chryssolouris 2006). The study proceeds to note that this is due to two 

main causes which are industrial automation and production outsourcing. Training 

high level personal for new manufacturing jobs remains a challenge for education 
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stakeholders, hence providing means in needed in order balance the loss. Value 

creation stages for manufacturing industry are three: 

 Pre-production 

 Production 

 Post-production 

Figure 2-5 shoes manufacturing industry value creation stages that have been 

explained in detail on above paragraphs. 

 

Figure 2-5 Manufacturing industry value creation stages 

Source: (G. Chryssolouris 2006) 

2.5.1 Manufacturing Processes 

As mentioned above, there is a need for a reduction in the time that is spent in the 

process of manufacturing (Chryssolouris 2006) . Manufacturing process is defined as 

the process or the steps through which raw resources are transformed into a product, 
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a final useable product (Yin 2016). He further explains that this process has to ensure 

there is an improvement in the quality of the product being manufactured, reduction in 

the costs involved, an increased level of efficiency, a reduction in the consumption of 

energy as well as it being environmentally friendly. “The core of the operation of the 

manufacturing process is evolution and flow”, essentially, logistics and manufacturing 

are a jointly process. Concisely, there is no manufacturing of products without taking 

into account the logistics involved; the ongoing cycle of goods and services, hence 

there is no study of logistics without going through manufacturing.  

The study highlights that this process has to include a specification of the technologies 

and methods used to detail how products ought to be manufactured. A detailed and 

informed manufacturing plan assists in exploring other options of the structure of the 

production line, which are obviously interested in goals such as making efficient 

assembly lines keeping in mind the aim of reducing time taken to manufacture 

products in a lessened period of time. It goes on to mention that the manufacturing 

process should highlight the production process planning: a detailed entire 

manufacturing concept, workflow process resource planning; technology-aided 

machining which details the use of software to control machines in the process of 

production; as well as time and financial estimates coupled with quality assurance. 

2.5.2 Manufacturing in South Africa 

Bekithemba (2014) speaks about manufacturing in South Africa as well as its future. 

He states that manufacturing is of particular importance to any economy that seeks to 

grow. Growth has been of a challenge to industrialized countries in such a manner 

that not going through the industrialization process would not allow the countries to 

achieve growth. It is further noted in his that, advancement in technology does allow 

countries to ounce some of the stages of the development phase; however, economy 

still requires developing the capabilities to maintain an acceptable employment base. 

Among the diverse views and in some cases supported by insufficient facts on 

manufacturing sector of South Africa (SA), further study is needed to balance the 
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views about the sector. SA is a unique country, and some evidence suggests that it 

remains a priority if developing countries such as SA can merge with developing 

countries around the globe. The clear and evident structural break from apartheid to 

democracy in 1994 makes SA economy identifiable and unique. During apartheid era, 

the manufacturing industry was largely energy ad capital intensive, which was mainly 

dominated by six big conglomerates and State Owed Enterprises (SOEs). There was 

a decline in the manufacturing sector due to the huge unplanned and incoherent tariff 

policies, as well the apartheid’s government’s inability to diversify the sector.  

Skills development for manufacturing sector is critical towards drawing positive 

attention from investors into the sector. Trade unions also play a huge essential role 

in offering direction on policies towards the development of skills. According to 

Bekithemba’s (2014) study, trade unions like Congress of South African Trade Unions 

(COSATU) are primarily involved in the wage talks; their strategy has shown that their 

interest is towards the skills development. The Industrial Policy Action Plan (IPAP) 

must envisage allowing policies that will ensure that manufacturing today and in the 

future has a capacity to sustain huge industries. An important element to this would 

be creating effective demand in the economy. The study also states that government 

and business are missing the point in SA. This is because there is often a short-term 

view take about skills development in the country. The state cannot continue with job 

creation for unskilled labour, hence the country has to move unskilled labour up the 

value chain allowing it realize potential productivity gains. The sector in return will then 

be placed in a position that will allow it compete globally with China and become 

Africa’s industrial powerhouse  (Bekithemba 2014).  

The fact that it has been highlighted that human capital is a key to growth; it is the 

result of several studies that have revealed the relationship between educational 

quality and economic growth. It is also clear that each year of schooling has been 

reported to increase long-term growth by 0.58 percentage points. When utilized 

effectively, skills contribute to the economic growth through road channels. Skills can 

also both increase employment levels and drive rise of productivity. An individual’s 

employment opportunities are impacted by the skill, so an improvement of skill would 
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enable them to find a job easier due to skill demand (Chryssolouris, Mavrikios and 

Mourtzis 2013). Figure 2-5 illustrates the economic growth drivers that have been 

defined in detail above. 

 

 

 

Figure 2-6 Economic growth drivers 

Source: (Chryssolouris, Mavrikios and Mourtzis 2013) 

South Africa does not have the market size in order to sustain huge scale 

manufacturing activities; however, location to the rest of Africa provides it with a 

promising opportunity to export with enough economies of scale. Another important 

aspect is automation; this will be important  for creating capacity for competitive in the 

sector. South Africa has to take the Industrial Policy Action Plan (IPAP) towards 

transforming the manufacturing sector. IPAP has went through evolution and has 

improved compared to its original make, which also makes it a good example of 

effective coordination. IPAP is a unique and diverse program of action that aids trade 

and other tools deferential to industrial policy. The study stressed that SA must not 
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miss the opportunity to reindustrialize, based on evidence from America’s economy 

which has reindustrialized over the last years. 

One of the questions asked is will policy makers in South Africa be brave enough to 

taking steps towards the transformation of its economy. SA cannot continue to go 

down the same road again and policy makers have to act ad do what needs to be 

done in the interest of the country’s future. Government has to embark on a long-term 

view taking into consideration its goal and objectives with respect to the manufacturing 

sector. Competitiveness is eventually what will be driving growth of the sector in the 

future. It will be crucial to direct objectives towards a more innovative sector. A 

complex understanding of the sector is necessary in order allow for additional 

coordination and intervention. This can be archived by much more coherent focus 

while tackling these issues (Bekithemba 2014).  

It is assumed that outsourcing flexibility helps overcome financial challenges and 

administer evidence regarding the role of financial challenge and its interaction with 

operational flexibility on the possibility and market value of outsourcing. This study 

found that the likelihood of outsourcing is greater the higher the firm’s financial 

challenges prior to outsourcing. Furthermore, the effect of financial challenge is higher 

the lesser the ex-ante operational flexibility, suggesting partial substitution between 

financial and operational flexibility. The study also shows that the market value impact 

of outsourcing announcements is predominantly positive confirming final flexibility 

gains positively with regards to ex-ante financial challenge. The study concluded that 

outsourcing is more of a vehicle to enhance flexibility and that financial challenges 

play an important role (Choi et al. 2021). 

2.6 Conclusion 

This chapter gives an overview of different types of outsourcing processes including 

the risks involved. The relevant literature was carefully selected in order give more 

understanding and background of the study. The chapter commenced with defining 

outsourcing, where different types of outsourcing processes and strategies was 

discussed including its risks. It extended to looking into production approach, where 
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production functions and classifications were broken down. This is where different 

types of productions systems are explained in detail as well. 

The chapter also gives an overview of where South Africa (SA) stands as far as the 

manufacturing sector is concerned. During the investigation of the literature under 

manufacturing, South African economy was of big concern mainly due to the facts that 

SA is a developing country and had a structural break from apartheid to democracy in 

1994. Some studies also noted that outsourcing might solve SA’s problem, however 

not enough evidence could be provided by the studies to support the claims.  

The study was conducted in rail manufacturing firm; therefore, it was essential to also 

elaborate on the different types of manufacturing processes. Since the study seeks to 

investigate if outsourcing can reduce operating costs, its influence on bottlenecks and 

increased demand, the chapter further gave some tools to measure production 

efficiency. This is where manufacturing productivity was also discussed. 
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3. CHAPTER 3: METHODOLOGY 

3.1 Introduction 

This chapter defined the research questions as well the bases of the research. The 

two objectives of the study, the format of the research tools and the establishment 

bases of the validity and reliability were reiterated. The research was conducted to 

evaluate the cost to outsource vs in-house production. Thereafter, an assessment of 

production outsourcing influence in the changing demand patterns and its influence 

on customer satisfaction was completed. The methodology chosen for this research 

was analytical, which followed a quantitative process that made it to be an applied 

type of research type. The chapter also highlights the research approach used to 

perform the research, research purpose, research design, target population, data 

collection techniques and as well as data analysis techniques. 

3.2 Research Approach 

As mentioned in chapter 1, there are two types of research approaches namely 

quantitative and qualitative approaches. Just to recap of what the study has already 

mentioned. The quantitative research basically deals with numbers and usually 

involves techniques for data analysis and statistical tools, whereas a qualitative 

research deals with words and emphasizes on non-statistical tools and techniques for 

data analysis (Castillo 2014). The study decisively used a quantitative method 

approach due to that both (objective one and two) analysis methods were statistical 

due to nature of data gathered which were historical data gathered from SAP system, 

as well as employee responses from an online survey. 

 Historical data method was used by obtaining records of parts that are 

manufactured in-house, outsourced, as well procured externally from suppliers. 

Data analysis method was Chi-Square, which is classified under descriptive 

statistics methods was employed to analyze the variance in cost of outsourcing 

versus in-house production. A detailed justification will be provided later in the 

chapter.  
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 An online survey through questionnaires in statement form as per Likert scale 

theory was conducted (Carsten Ellwein 2020). The survey was completed by 

employees in different departments as well from various business units in the 

depot. Feedback was summarized after a Likert scale technique was used by 

the participants to mark the levels of agreement, where 1 is strongly disagree 

and 5 is strongly agree (Norman 2010). Analysis method used was hypothesis 

test, detailed justification will also be provided later in the chapter.  

The need for employing two methods is that the study also has two objectives that 

required to be satisfied. It was best that each objective employs its unique data 

collection and analysis method to ensure that the research question and its sub-

questions on the figure 3-1 below are answered accordingly. 
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 Figure 3-1 Main research question and sub-questions diagram 

3.3 Research Purpose 

The study has used exploratory purpose to determine the effectiveness of outsourcing 

at TE. The reason for this selection is that there are usually two purposes of research; 

it can be either explanatory or exploratory. A distinction on their characteristics exists 

between the two types. Explanatory purpose focuses on less-explained areas or 

unclear domains and dimensions for more knowledge. In exploratory research, the 

purpose is to explore less discovered and untapped area.  

How effective is production outsourcing 
in increasing production efficiency? 

Can production 
outsourcing 

reduce operating 
costs?  

Does production 
outsourcing 

provide a flexible 
solution to 

address changing 
demand patterns? 

Can production 
outsourcing have 
an influence on 

customer 
satisfaction? 
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3.4 Research Design 

The research design for the study selected was descriptive type of design. The reason 

for selecting this type of design is that from the survey and historical data collected, 

the study aimed to analyze and evaluate the cost to outsource production and cost to 

perform in-house production on the same parts. Furthermore, assess production 

outsourcing influence in changing demand patterns and its influence on customer 

satisfaction at TE Durban manufacturing plant. 

The other types of designs that were not best suitable for the study include casual, 

correctional and experimental. Consequently, the study suits well with descriptive 

design because of the context to evaluate cost aspect amongst the variables. 

Following this design it was possible to collect data through both historical existing 

reports from SAP system and through survey. 

A DMAIC (an abbreviation for Define, Measure, Analyze, Improve and Control) lean 

six sigma methodology was adopted in creating the framework below (Cheshmberah 

and Nabavi 2014) . It is to be noted that the study did not fully make use of the DMAIC 

in improving the current outsourcing and in-house production state at TE Durban 

however, it was partially employed. Below are the details of the DMAIC methodology. 

Define - In a number of occasions, TE Durban has been faced with risks of not meeting 

its monthly targets as well as producing products at a high cost. This was due to a 

various number of suspected reasons that include short supply of subcomponents to 

the production line due to machine breakdowns, longer process times, higher 

operating costs and longer raw material lead times from external suppliers 

Measure - Document analysis: Historical data of outsourced parts and assemblies 

was obtained from SAP system then exported to Microsoft excel using a laptop. An 

online survey questionnaire to get attitudes and opinions from employees about 

customer satisfaction and outsourcing response to increased demands was used. This 

was carried out by using 5-point Likert Scale technique to collect and gather responses 

using a laptop.  
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Analyze - Data analysis method used was descriptive statistics analysis for ordinal 

data (Chi-Square) using both Microsoft excel and SPSS software for objective one.  A 

hypothesis test method was again used for objective two; employed to analyze the 

data, using both Microsoft excel and SPSS software. 

Improve – Management to make use of the results analyses in order to recommend 
new ways of approaching any outsourcing decision in the company related to 
production.  

Control - Monthly review of statistical reports drawn from SAP system, and control 
charts to be used by management in order to monitor the effectiveness of the improved 
process implemented.   

 

Figure 3-2 Methodology design flow diagram: DMAIC approach 

 

Define

•Montly targets not met as well as high prodcution costs 
which leads to unhappy customers

Measure
•Document analysis and online survey questionaire 

Analyze
•Chi-square & Hypothesis tests

Improve

•Use of results for management to make outsourcing 
decisions in future

Control
•Monthly review of statistical reports and control charts
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3.5 Area of Study 

The study was carried out at AB Ltd, KZN province, South Africa. The rationale behind 

this choice is from the sense that TE Durban manufacturing facility is the second 

biggest in the country with various types of manufacturing operations, compared to 

facilities located in Cape Town, Bloemfontein and Germiston. Hence the anticipated 

possibility of obtaining all necessary and relevant data from this facility was higher 

compared to the other manufacturing facilities. 

3.6 Target Population  

The study was conducted in six business units namely: locomotives, coaches, rolling 

stock equipment (RSE), wheels, wagons and ports. The study purposely selected the 

six business units in order to ensure that no business unit is omitted in the entire plant, 

in order to achieve accurate results and findings. The study focused on historical data 

from over a two-year period, from 1 January 2019 to 31 December 2020. A business 

unit is defined as a business that either manufactures or uses components, parts or 

raw materials to make a finished product and sub-products. These finished goods can 

be sold directly to customer AC Ltd and to other manufacturing businesses that use 

them for making a different product. Commonly outsourced items would be items that 

the businesses would prefer to buy externally instead of in-house. Since the study has 

more than one objective, the population where the survey was conducted was from 

employees that belong to the six business in all departments as well as from the rest 

of the manufacturing facility. So as long as the employees were AB Ltd employees, 

they were allowed to participate on the survey. Therefore, the selection criteria of the 

study were based on the above rationale. 
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Figure 3-3 Target population diagram 

3.7 Sample Size and Technique 

3.7.1 Sample Size  

The sample size that was used for objective one was a total of 36 components drawn 

from 6 different types of businesses data base, namely: coaches, wagons, RSE, 

wheels, locomotives and ports. The sample size used in the study for objective two 

was 40 respondents from AB Ltd manufacturing facility.   

3.7.2 Sampling Technique 

The sampling technique is not the same as the sample. It is the procedure used to 

select the study participants and subjects (Fowler and Lapp 2019). The study looked 

at two sampling techniques to choose from: nonprobability and probability. The study 

then employed probability sampling. The reason for selecting this type of technique is 
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that all manufacturing components studies for objective one and employees which 

were respondents for objective two from AB Ltd manufacturing facility had an equal 

chance of being in the sample overall. Nonprobability method was not suitable for this 

kind of study due to that it is usually used when researcher has difficulties in locating 

participants, it is also regarded as weak form of sampling. Furthermore, for objective 

one, systematic sampling methods was used to obtain historical data from the 

enterprise resource planning system named SAP system. For objective two, simple 

random sampling was utilized to obtain opinions from AB Ltd staff about the 

effectiveness of production outsourcing in the organization. 

3.8 Sources of Data 

Primary data was used from historical information over a period of two years for 

objective one. Also, for objective two, primary data was collected using online 

questionnaire where AB Ltd staff used a Likert scale to indicate their opinions about 

the effectiveness of production outsourcing in the company. 

3.9 Data collection Technique 

As mentioned previously in this chapter that the study employed a quantitative method 

approach. The reason for this was the nature of the variables on the data collected for 

the first and the second objective which followed a quantitative approach. Some of the 

variables were unit cost to produce in-house, unit cost of parts that were outsourced, 

unit of measure per part, the date each process took place during this two-year period. 

Another reason is that a chi square statistical method was used as an analysis method 

for objective one which was to determine if outsourcing can actually reduce operation 

cost of the company. The study has two objectives with different collection techniques 

as well two different data analysis techniques. This therefore means that the second 

objective which was to determine influence of production outsourcing in managing and 

supporting increased customer demands followed a quantitative approach too. For 

this objective, statistics analysis hypothesis test was employed as analysis methods 

to responses received from the employees using survey in a form of questionnaire.  
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3.9.1 Data Collection Method for Objective One   

In order to determine if production outsourcing can reduce operating costs, data was 

collected, historical data of the company to be precise. Historical method refers to the 

use of primary existing or historical data to answer a particular question. There can be 

various natures of data depending on the question being asked, such as newspaper 

articles, government records and demographic records etc. (Janet Toland 2011). The 

use of historical data poses several road questions such as: 

 Does the data suit the theoretical questions asked? 

 What meaning does that data hold? 

 Originally, how was the data collected? 

This study followed the below steps during the process: 

Step 1 

Login to enterprise resource planning (ERP) system utilized by AB Ltd called System 

Application Product (SAP) system.  

Step 2 

Draw a material movement history report by entering a transaction code for SAP 

transaction code.  

 

             

Step 3  

A date from 1 January 2019 to 31 December 2020, the specific business unit number 

or plant number was entered into the SAP system, the report was executed to run. 

This process was repeated 6 times since the study focused on all 6 business units in 

TE Durban main center manufacturing facility.  
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Step 4 

After some minutes, the historical data about all material movements that took place 

between 1 January 2019 and 31 December 2020 was retrieved from the system. This 

was in a form of raw data because it included the below: 

 Parts and finished goods sold 

 Finished goods received and issued between internal business,  

 Parts written off and parts written up 

 All reversals that took place 

 Outsourced parts received from external supplier, 

 Insourced parts received from internal production into the warehouse  

 Date, quantity, time, unit of measure, material number, material description  

 Cost of parts, finished goods and assemblies 

Step 5 

The data from this report was then exported from SAP system to Microsoft excel for 

sorting. This is where unnecessary information that was not going to contribute to 

study was removed. After sorting the data, the below was the only data description 

required for objective one. 
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Table 3-1 Description and abbreviation table  

Description  Abbreviation 

Material no. MAT 

Material Description MD 

Business Unit BU 

Entry Date ED 

Unit of Measure UOM 

Outsource Cost (Rand) OC(R) 

Price Each PR 

Insource Cost (Rand) IC(R) 

 

Step 6 

The last step was to consolidate the data from the six business units into one sheet. 

From the raw data, the parts had to have the below characteristics order to be found 

useful for the study: 

 Have history of being produced in-house 

 Have history of being outsourced as well produced in-house 

  Parts have to be insourced and outsourced between 2019 and 2020 Period as 

mentioned in earlier discussions. 

The selection of individual subsets of the population to make statistical inferences from 

them and roughly calculate characteristics of the whole population is called sampling 

technique. The probability sampling and non-probability sampling are two main two-

border types of sampling techniques (Etikan 2017) .This study adapted a probability 

sampling technique, hence appendix 1 attached reflects the 42 items that were 
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sampled from six business units population worth of population, which will be analyzed 

later using Chi-Square test analysis method. 

3.9.2 Data Collection Method for Objective Two 

An online survey in a form of statements, in order to obtain attitudes and opinions of 

employees with regards to influence of production outsourcing on customer 

satisfaction as well as increased demands was used. A  5 point Likert scale technique 

was used, with 1 as strongly disagree and 5 as strongly agree (Norman 2010). 

Norman’s study further defines Likert scale as a psychometric response scale mainly 

utilized in questionnaires in order to obtain the participants degree or preference of 

agreement with a statement or in some cases a set of statements. Likert scales are 

usually non-comparative scaling methods and are also one-dimensional in their form 

and nature. An ordinal scale allows respondents to indicate their level of agreement 

with a given statement.  The study used the below 5-point scale with the below range: 

1 = Strongly disagree 

2 = Disagree 

3 = Neither 

4 = Agree 

5 = Strongly agree 

In some instances, a 4-scale is used to give responses that are forced measures, 

where there are no indifferent options available to choose from. Each specific question 

or item can have its own response analyzed individually and can also be summed up 

with other similar items to make a score for a set of statements. This is the main reason 

why Likert scales are sometimes called summative scales. Separate responses are 

usually treated as ordinal data due to that fact that although the response levels do 

have a relative position, one cannot presume that participants recognize the variation 
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between adjacent levels to be equal. Below are the 11 statements used for the survey 

during the research study in the Durban manufacturing plant: 

 

Likert Scale Statements 

Production outsourcing influence on customer satisfaction and increased demands: 

1. Production outsourcing is a good practice in general for the organization. 

2. Customers are happy with quality of outsourced parts and assemblies. 

3. There is benefits from production outsourcing. 

4. It is better to outsource than to produce in-house. 

5. Outsourcing is not expensive compared to in-sourcing. 

6. Lead times are within desired time for outsourced components. 

7. Management does not like to outsource unnecessary. 

8. The organization should not stop outsourcing. 

9. Outsourcing does not take away people's jobs in the organization. 

10. When outsourcing is done, production targets are met. 

11. Customers are happy all because of outsourcing at times. 

See Appendix 3 for summary of the scores. 
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3.10 Data Analysis Technique 

Data analysis is a critical part in this research because it helped the researcher to 

conclude the results of the study. A chi-square test was used for each objective in 

order to answer the research question. For objective one, test for independence which 

compares two sets of categories which are sourcing type (insourced parts as well as 

outsourced) if they sourced at high or low costs. For objective two the same type of 

chi-square test was used to analyze survey responses gathered using questionnaire 

from TE employee, through a set of eleven statements. 

Chi-square statistics is a nonparametric statistical technique that is used to determine 

whether a distribution of observed frequencies is different from the theoretical 

expected frequencies (M. Yousof et al. 2021). The data that is used in a chi-square 

has to satisfy the following conditions: 

 Randomly drawn from population. 

 Reported in raw counts of frequency. 

 Measured variables must be independent. 

 Observed frequencies cannot be too small. 

 Values of independent and dependent variables must be mutually exclusive. 

There are two types of chi-square tests namely: Test for goodness of fitness which 

compares the expected and observed values to determine how well an experimenter’s 

predictions fits the data. The second one is the test for independence which compares 

two sets of categories which are high or low costs to outsource and insource for this 

study. Therefore, the goodness of fitness test was not selected because it focuses 

only on expected and observed frequencies. After comparison of the two sets of data, 

the test for independence determined whether the two groups were distributed 

differently within the categories (Shen, Panda and Vogelstein 2021). 
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3.10.1 Data Analysis Procedure for Objective One 

Since the study selected chi-square test for independence, it considered the cost of 

the parts under various conditions. Categorical variables: sourcing type (two levels: 

insource vs outsource) and cost degree (two levels: High vs Low). The statistical 

question that the study wanted the answer to was whether the sourcing cost is related 

to the sourcing type in the organization. In other words, the study wanted to know if 

in-house production cost differs from outsourcing costs by categorizing the costs into 

high or low.             

To answer this question, the study started off by putting data into contingency table. 

At this stage, the table only showed observed frequency data, there after the table was 

used to calculate the expected frequencies. 

Table 3-2 Observed frequency table 

  Insource Cost Outsource Cost 

High A B 

Low C D 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

At this stage, one would have an idea when looking at observed frequencies weather 

the cost is different between the sourcing types. However, to test whether the observed 

difference is significant, a chi-square test outcome would indicate that. This means 

that the aim would be to see if the rate of the cost observed frequencies is significantly 

different from the cost rate of frequencies that would be expected to be seen by 

chance. This clearly means that what would be expected to be seen if there was “no 

relationship” between the two variables in question? For this study, no relationship 

would mean that the cost rate of insourced parts was no different to that of outsourced 

parts. This can be expressed by null hypothesis and alternative hypothesis. Null is a 

particular claim concerning how particular data is distributed, alternative hypothesis 

disagrees with the claim  (Kenyon, Meixell and Westfall 2016). The null and alternative 

hypothesis for Chi-Square test for goodness of fitness is stated as: 
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     - Null Hypothesis 

     - Alternative Hypothesis 

The null and alternative hypothesis for the study for objective one is stated as: 

     : The cost rate of insourced parts is not different to that of outsourced parts. 

     : The cost rate of insourced parts differs to that of outsourced parts. 

Step 1 

Add numbers across columns and rows, then calculate total number in chat. A, B, C 

& D represent numbers. 

 

  
Insource Cost Outsource Cost Total 

High A B AB 

Low C D CD 

 AC BD ABCD 

 

Step 2 

Calculate expected numbers for each individual cell (i.e. the frequencies we would 

expect to obtain if there were no association between the two variables). This is 

achieved by multiplying row sum by column sum and dividing by the total number.  

  

 Using the first cell of the table (Insource/High); 

AB x AC = E 

𝐻0 

𝐻1 

𝐻0 

𝐻1 



 
 
 

52 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

ABCD   

 

CD x AC = E 

ABCD   

 

AB x BD = F 

ABCD   

 

CD x BD     
=     F  

 

ABCD   

   

 

This needs to be done for each cell above as indicated. 

Step 3 

Now the observed number and expected number is available. The observed number 

is the number in the first chart.  The expected number is the number in the last step 

(step 2). Redo the contingency table, this time adding in the expected frequencies in 

brackets below the obtained frequencies: 

 

  
Insource 
Cost 

Outsource 
Cost 

Total 

High A (E) B (E) AB 

Low C (F) D (F) CD 

 AC BD ABCD 

 

 Step 4 
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Calculate Chi-square using the below formula:  

 

𝑋2 - Chi-square value 

O - Observed  

E- Expected 

Calculate this formula for each cell, one at a time. For example, cell #1 (Insource 

cost/High): 

Observed number is: A 

Expected number is: E 

Calculate this formula for each cell, one at a time. Example provided for cell #1 

(Insource cost/High):  

Plugging this into a formula, one would have: 

 

𝑋2 = Value 1 

Proceed to do the same to the rest of the cells. 

Cell #2 (Outsource cost/High) 

𝑋2 = Value 2 

Cell #3 (Outsource cost/Low) 

𝑋2 =
(𝐴 − 𝐸)2

𝐸
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𝑋2 = Value 3 

Cell #4 (Outsource cost/Low) 

𝑋2 = Value 4 

Value = V 

 

 

Step 5 

Add together all the final numbers for each cell obtained in step 4. Since there is a 

total number of four cells, four numbers should be added together like below in order 

to obtain a final Chi-square number. 

V1+V2+V3+V4 = Chi-square value 

Step 6 

Calculate degrees of freedom  (Justin Goodwin and Mirghani Ibnoaf 2006). 

It’s simply the number of categories minus one. 

df = number of categories -1 

Assessing the size of the obtained Chi-Square value, the following procedure needs 

to be followed: 

(a) Work out how many degrees of freedom we have. 

(b) Decide on probability level represented as (p). 

(c) Find a table of critical Chi-Square values (found in most statistics textbook). 

This example shows degrees of freedom(Justin Goodwin and Mirghani Ibnoaf) 

as 5, probability level (p) value as 0.05 (5%), the critical value can be 
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established as 11.07. This therefore means that, in order to reject the null 

hypothesis, the final answer to the Chi Square be greater or equal to 11.07. 

 

 

Figure 3-4 Critical Chi-Square value table example (Aslam 2021) 

 

(d) Establish the critical Chi-Square value and compare to the obtained value. 

If the obtained Chi-Square value is greater than the one on the table, then the 

conclusion is that the obtained Chi-Square value is too large to have arisen by 

chance. This would then mean that two variables are likely to be related in some 

way or another. The Chi-Square test tells us that there is some relationship 

between the two variables in question. The null hypothesis is then rejected when 

the Chi-Square value is larger than one on the table. 

On the other hand, if the obtained Chi-Square value is less than the one in the 

table, the conclusion is that there is no reason to think that the observed pattern of 

frequencies is not due to simply chance. This means that the null hypothesis cannot 

be rejected because the variables are unlikely to be associated.  
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It is important to note the assumptions of the Chi-Square test below, in order for the 

results to be reliable: 

 The observations need to be independent; each subject must display one data 

point. 

 Data are randomly sampled from the population about which inferences are to 

be made. 

 Some problems arise when the expected frequencies are too small. The Chi-

Square rule of thumb states that Chi-Square should not be used if more than 

20% of the expected frequencies have a value of less than 5, regardless of 

what the observed frequencies are (Yousof et al. 2021). 

3.10.2 Data Analysis Procedure for Objective Two 

For object two, the study was to assess employees’ perceptions on production 

outsourcing effectiveness in managing and keeping up with increased customers’ 

demands. An online survey was completed using google forms by 40 participants from 

AB Ltd. An internet link was sent via email to the employees, they were requested to 

click the link and follow the instructions until from google forms until they complete the 

last question. Automatically the researcher received the responses on google forms 

as the employee’s finish with the survey. The study established whether the 

employees responded positively or negatively to their experience and knowledge. A 

hypothesis test for dependent data was adopted in analyzing the data collected 

through a survey questionnaire. Hypothesis test is an act in statistics that takes place 

when an analyst tests an assumption in reference to a population parameter. Sample 

data is used to assess the credibility of hypothesis test. The nature of the data 

determines the methodology employed by the analyst (Khademi 2015).  

This second objective was to address a question of “does production outsourcing has 

an influence in managing and keeping up with increased customer demands”? In order 

to address this question, the study proceeded to start off by establishing the null and 

alternative hypothesis, and was presented below: 
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     : There is no difference between the means of the two samples of responses. 

     : There is a difference between the means of the two samples of responses. 

Furthermore, the study categorized the four hundred and forty answers from the 

eleven survey questions. As mentioned earlier in the study that a Likert scale of 1 to 5 

was used to obtain the responses from the employees.  

The table 3-3 below represents a more simplified manner in which strongly disagree 

and agree were classified as negative, neither classified as neutral, strongly agree and 

agree were combined and classified as positive. The reason for this was to make it 

simpler for the hypothesis t-test to be applied in order to obtain the most accurate 

results during the analysis process. 

Table 3-3 Combined categorized 1-5 Likert scale responses 

 

The table 3-4 below is a summarized representation of the four hundred and forty 

answers, eleven questions answered by forty participants. This means that each 

participant answered about eleven questions and for each question, there were forty 

answers from all forty employees. 

 

 

 

 

 

𝐻0 

𝐻1 
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Table 3-4 Summarized responses from employees (see Appendix 2) 

 

 

After a further consideration after data collection, the study decided to eliminate neutral 

responses because it did not want to force the employees that participated on the 

survey to choose sides (agree or dis-agree). Hence out of 40 respondents, 11 with 

neutral responses were eliminated and 29 was left for analyses. As mentioned earlier 

that the study also combined strongly disagree and agree, as well as strongly agree 

and agree. Below table 3-5 shows the final data that was analyzed in the following 

chapter 4 of the study. 
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Table 3-5 Summarized responses from employees, with neutral excluded  

 

The study created questions that when combined, measured a particular trait which in 

this case is the perceptions around production outsourcing in AB Ltd. The study does 

not have unique and stand-alone questions. The table below shows the different types 

of data analysis procedures for Likert scale data 

Table 3-6 Data analysis procedures for Likert scale data (Aslam 2021) 

 

In order to distinguish between tests of hypothesis for independent and dependent 

samples, the symbol for hypotheses with dependent samples was used. In this case 

positive and negative responses from the survey. For dependent sample hypotheses, 

the delta (δ) symbol was used, to symbolize the difference between the two samples. 
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This therefore means that in null hypothesis, we state that the difference of scores 

across the two measurement is equal to 0.  

The following steps were followed in analyzing data for objective two: 

Step 1 - State the null alternative hypotheses. 

During the process of stating the null hypothesis, we assumed there is no difference 

between the means of the two independent samples. The sample was taken from forty 

employees. They had to respond to eleven questions each, in order for the study to 

be able to determine the effectiveness of the production outsourcing at TE Durban by 

computing the test statistics. This was determined through a survey questionnaire, 

where the results were simplified to that overall responses agree or disagree that 

production outsourcing is effective. The hypothesis test is that there is no difference 

between the means of the two samples and the alternative hypothesis is that the two 

means of the samples are not equal. 

 Therefore, the null hypothesis in this case would be: 

     :  There is no difference between the means of the two samples of responses. 

     : There is a difference between the means of the two samples responses. 

 

The table below indicates the format that the study focused on in presenting the two 

samples. 

 

 

 

𝐻0 

𝐻𝛼 



 
 
 

61 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

Table 3-7 Two independent samples  

 

Step 2 - Choose significant level – α. 

This is a two tailed test since there are two independent samples from the population 

that has a total of 11 questions asked with a summarized total of 22 responses from 

both categories of positive and negative. The t – distribution was used since the 

sample was little bit low. The degree of freedom was then calculated, with a 0.05 

significance level. 

Step 3 - Set the criteria (critical values) for rejecting the null hypothesis. 

The critical value was then established by first establishing an alpha level using the t 

distribution table below, a full table available on appendix 5. 
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Figure 3-5 t distribution table (Lane 2019)  

Step 4 – Compute the test. 

The test statistics was calculated, but before it was calculated, a pooled estimate 

variance from the sample had to be found. When testing a hypothesis for two 

independent samples, we need to calculate the estimated standard error of the 

difference between the sample means first, 

 

Where: 

Sizes of the two samples are represented as below: 

 

Pooled sample variance is represented below: 
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Calculated as follows: 

 

But the formula often expressed as below, simplified by substituting SS for the sum of 

squared deviations: 

 

At this step, data from the two groups is presented. Calculating the test statistic for 

independent samples is a bit different since the study deals with two sets of data. The 

below formula is used to calculate the test statistics: 

 

Where: 

 

Step 5 - Make a decision, reject or fail to reject the null hypothesis. 

When the t value is less than or equal to the significance level, we reject the null 

hypothesis. This means that the data favors the alternative hypothesis, the results 

would then be statistically significant. However, if the t value is greater than the 
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significance level, we fail to reject the null hypothesis and the results will not be 

significant. 

Step 6 - Interpret the decision within the context of the problem. 

The decision will depend on the t value obtained in step 5, it would be concluded that 

employees do not think production outsourcing is effective if the t value is equal or less 

than the signifcant level. However the t value if greater than the significance level, then 

that would mean that employees do think that production outsourcing is effcetive 

through yelding positve reults by managing and supporting increased demand. 

3.11 Conclusion 

The chapter addressed the methodology of the study, which was based on Define, 

Measure, Analyze, Implement and Control (DMAIC). This roadmap for Six Sigma was 

used as a stem of the research design. The chosen research approach was discussed, 

which were quantitative as well as qualitative, giving an overview of the process of the 

research. Data collection techniques (historical data and an online survey) for the two 

objectives were also discussed. Step by step data treatment procedures were also 

discussed, for objective one a Chi-Square test and for objective two, a Hypothesis t 

test. The chapter ends by summarizing how work was done in ensuring good quality 

of the study. 
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4. CHAPTER 4: DATA ANALYSIS, INTERPRETATION AND 

DISCUSIONS OF THE RESULTS 

4.1 Introduction 

To complete the study accordingly, it is necessary to analyze all the data that has been 

collected in order to test the hypothesis and ensure the research questions are 

answered. The previous chapter indicates that the data is interpreted in a descriptive 

fashion. The figure below represents the two main statistics namely: descriptive and 

inferential statistics. The study followed descriptive statistics in this case. 

 

Figure 4-1 Two main areas of statistics (Lane 2019) 

 

This chapter constitutes the analysis, interpretation and discussion of the findings 

resulting from the study. Since the study must satisfy the two main objectives, the 

analysis and interpretation of the data collected is also conducted in two categories. 

The first aspect that addresses objective one, which is based on historical data of 

outsourced parts and assemblies. The data was obtained from SAP system data base, 

this deals with a quantitative analysis of data. The second aspect for objective two, 
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which is based on the results of the survey questionnaire, also is a quantitative 

analysis. 

4.2 Objective 1: Quantitative Interpretation of Results 

Analysis of historical data 

A total of 42 parts from the Durban manufacturing sector, from a total of 6 business 

units, was used to compute the results. This was in a form of raw data drawn from a 

2-year period. Some of the information included on the raw data include:  

Parts and finished goods sold, finished goods received and issued between internal 

businesses units, parts written off and parts written up, all reversals that took place, 

outsourced parts received from external suppliers, insourced parts received from 

internal production into the warehouse, date, quantity, time, unit of measure, material 

number, material description, cost of parts, finished goods and assemblies.  

However not all the mentioned data was used for the results, only the below 

characteristics were selected and useful for the analysis:  

 Material number 

 Material Description 

 Business Unit 

 Entry Date 

 Unit of Measure 

 Outsource Cost (Rand) 

 Price Each 

 Insource Cost (Rand) 

 

The table presented below illustrates the sourcing type of each part into a three-cost 

degree category (low, high and equal). It further shows whether the outsourcing cost 

is less than, or equal to the insourcing cost, this is presented as a “yes” or a “no” on 
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the table 4-1. After the classification was completed, the study realized that there were 

instances where insourcing cost was equal to the outsourcing cost. This occurred on 

17 items out of the total sample of 42 items. Although the 17 parts were not further 

analyzed after this stage, it was essential to show how the study ended up conducting 

the Chi square analysis on 25 parts as per the contingency table that will follow later 

in this chapter. 

Table 4-1 Sample of outsourced and insourced parts before 17 part were eliminated 

 

The following table 4-2 shows the 25 parts that were left after eliminating the 17 parts 

from the 42 total number of the parts. Furthermore, in the chapter, the commencement 

of commuting the Chi square test took place in a number of steps.  
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Table 4-2 Sample of outsourced and insourced parts after elimination of 17 items 

 

 

4.2.1 Chi Square Data Analysis  

4.2.1.1 Null and alternative hypothesis 

As stated in the previous chapter, the study’s null and alternative hypothesis are as 

follows: 

     : The cost rate of insourced parts is not different to that of outsourced parts. 

     : The cost rate of insourced parts differs to that of outsourced parts. 

4.2.1.2 Six Steps of hypothesis testing 

 

 

𝐻0 

𝐻1 
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Step 1 

Numbers across columns and rows were added, then the total number in chat was 

calculated. 

  Sourcing Type  

  Insource Outsource  

C
o

st
 

d
eg

re
e 

High 9 16 25 

Low 16 9 25 

  25 25 50 

 

Step 2 

Expected numbers for each individual cell were calculated, (i.e. the frequencies one 

expected to obtain, since there was no association between the two variables. This 

was achieved by multiplying row sum by column sum and dividing by the total number.  

Expected Frequency = (Row Total x Column Total) / Grand Total 

 

Using the first cell in table (Insource/High);  

Insource Cost 

=12.5 

Using the second cell in table (Insource/Low);  

                                                               (25x25)/50 

Insource Cost 

=12.5 

Using the third cell in table (Outsource/High); 

Insource Cost 



 
 
 

70 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

=12.5 

Using the fourth cell in table (Outsource/Low); 

              

                                                  (25x25)/50 

Insource Cost 

=12.5 

After the calculations were completed in this step, the below chart was done to 

indicate the consolidated figure. 

  Sourcing Type  

  Insource Outsource  

C
o

st
 

d
eg

re
e 

High 12.5 12.5 25 

Low 12.5 12.5 25 

  25 25 50 

 

Step 3 

Now the observed number and expected number was available. The observed number 

is the number in the first chart.  The expected number is the number in the last step 

(step 2). Contingency table was then redone, this time, by adding in the expected 

frequencies in brackets below the obtained frequencies: 

 

  Sourcing Type  

   
Insource 
Cost 

Outsource 
Cost   

C
o

st
 d

eg
re

e 

High 
9 

(12.5) 
16 

(12.5) 25 

Low 
16 

(12.5) 
9 

(12.5) 25 

   25 25 50 
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Step 4 

Now the Chi Square was calculated using the formula below: 

𝑋2 - Chi-square value 

O - Observed  

E- Expected 

 

Using the first cell in table (Insource/High); 

                                        = (9-12.5)²/12.5 

                                                                           = 0.98 

 

Using the second cell in table (Insource/Low);  

                                           = (16-12.5)²/12.5 

                                                                            = 0.98 

 

Using the third cell in table (Outsource/High); 

                                             = (16-12.5)²/12.5 

                                                                             = 0.98 
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Using the fourth cell in table (Outsource/Low); 

                                           = (9-12.5)²/12.5 

                                                                             = 0.98 

 

Step 5 

 

Adding together all the final numbers for each cell obtained in Step 4. Basically, there 

are 4 total cells, this means that at the end, four numbers were added together for the 

final Chi Square number as follows: 

 

=0.98+0.98+0.98+0.98 

=3.920 

 

This means that 3.920 obtained value was the Chi Square. This is a single-number 

summary of the discrepancy between the obtained frequencies, and the frequencies 

which the study would expect if there was no association between the two variables. 

The bigger this number, the greater the difference between the observed and expected 

frequencies. 

 

Step 6: 

(a) Calculating degrees of freedom was the next step: 
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= (Number of rows-1) x (number of columns-1) 

= (R-1) x (C-1) 

= (2-1) x (2-1) 

= 1x1 

= 1 df (degree of freedom) 

 

(b)  Establishing the probability level was the next sub step, p < 0.05 was used as 

standard, this was represented by the 5% column. 

(c) This is the step where the table of “critical values of Chi Square” was consulted. 

 

Figure 4-2 Critical value of 𝑿𝟐 table (Aslam 2021) 

 

(d) The values in each column are “critical” values of Chi Square. These values 

would be expected to take place by chance with the probability displayed at the 

top of the column on the table in figure 4-3 above, appendix 4 also shows a full 

table. The relevant value for this test is found at the intersection of the 
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applicable df row and probability column. Since the study’s Chi Square has a df 

1, the interest is on the 1 df row. As the probability level is p = 0.05, the study 

then looked in the 5% column to find the critical value for this statistical test. 

The critical value in this case was 3.841. 

 

Ultimately, the study managed to compare obtained Chi Square to the critical 

value. If the acquired Chi Square is greater than a value in the table, this implies 

that it is doubtful to have occurred by chance. The study’s acquired value of 

3.920 greater than the critical value of 3.841.  

4.2.2 Results Discussion 

4.2.2.1 Chi-Square Overview 

For the first aspect of the study, the primary use of the Chi- Square was to examine 

whether two variables are independent or not. So, what does it mean to be 

independent in this particular sense? The meaning stipulates those two factors are not 

related. Usually in social sciences research, the interest is in finding factors that 

depend on each other, for example, occupation and prestige, voting behavior and age, 

education and income. Chi-Square can be used to assess whether two variables are, 

in fact dependent or not dependent, by ruling out independence of the two variables.  

(Paul, Thakar and Patel 2021). 

Furthermore, it generally said that one variable is not correlated with or independent 

of the other. This apply if an increase in one variable is not associated with an increase 

on the other one (Shen, Panda and Vogelstein 2021). When two variables correlated, 

their values usually move together. The values can either move together either in the 

same direction or the opposite direction.  

4.2.2.2 Chi-Square Distribution 

The Chi- Square distribution is similar to t distribution. It is basically a series of 

distributions and the shape is determined by the degrees of freedom. However, unlike 
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the t distribution, the Chi-Square distribution is non-uniform, never approaches 

normality and positively skewed. How the shape of the Chi-Square distribution 

changes as the degree of freedom(k) increase is illustrated on the graph below: 

 

 

Figure 4-3 Chi-Square distribution and degree of freedom graph (Paul, Thakar and 
Patel 2021) 

4.2.2.3 Interpretation  

Regarding the hypothesis that was tested, all Chi-Square tests generally have the 

same null and research hypothesis. As mentioned earlier in study, null hypothesis 

states that there is no relationship between the two variables. On the other hand, the 

research hypothesis states that there is a relationship amongst the two variables. The 

test statistics followed a Chi- Square distribution. The study used this type of 

distribution in order to determine whether there is a relationship between sourcing type 

and cost degree at TE (both nominal variables). As mentioned earlier raw scores were 

presented as below: 
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  Sourcing Type  

  Insource Outsource  
C

o
st

 
d

eg
re

e 
High 9 16 25 

Low 16 9 25 

  25 25 50 

 

To examine statistically whether the outsource cost in TE Durban was more often high, 

the hypothesis needed to frame the question in terms of hypotheses. In Chapter 3 

(Methodology), the study mentioned that if the Chi Square calculated value is greater 

than the Chi- Square critical value, then the null hypothesis is rejected (Onesime, Yang 

and Dai 2021). In this case the Chi-Square calculated value was 3.902 and the Chi-

Square critical value obtained was 3.841. The study concluded with confidence that 

observed frequencies are significantly different from the frequencies that the study 

would expect to acquire if all categories were equally distributed. This means that, 

there is enough evidence that outsourcing cost is generally high than insourcing cost 

at TE Durban, hence the rejection of the null hypothesis. 

Table 4-3 Chi Square Test Summary Results: Objective 1 

 



 
 
 

77 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

4.2.3 Limitations of the Chi- Square Test  

 Sensitive to sample size- If the study only required 5 employees to participate 

on the study, this would be insensitivity to the sample size. However, assessing 

the views of 40 employees yielded a much more realistic sampling and was 

more representative of the population.  With a big enough sample, even trivial 

relationship can appear to be statistically significant. 

 One should keep in mind that “statistically significant” does not mean 

“meaningful” when using the Chi-Square test. Be mindful that the chi-square 

can only be used to determine which one is more expensive between producing 

in house and outsourcing. It does not necessarily follow that one variable has a 

causal relationship with the other. 

4.3 Objective 2: Quantitative Interpretation of Results 

Analysis of survey questionnaire in statement form 

There were a total 440 questionnaires distributed and completed, however the base 

for computing the results was from 321 completed questionnaires. This means that 

119 out of 440 questionnaires distributed, were deserted from the analysis. The 

balance of 321 questionnaires was then used to interpret the results.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

4.3.1 Bar Chart Data Interpretation 

The responses were displayed in a bar chart figure 4-4 to 4-14 format downloaded 

from google forms computer application that was utilized to conduct the survey, where 

the x-axis reflects the level of agreement and y-axis shows the number and percentage 

of employees who responded. 

 



 
 
 

78 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

 

Figure 4-4 Outsourcing a good practice 

 

This bar chart figure 4-4 shows that 13 (32.5%) of the subjects stronlgy disagree that 

production outsourcing is a good thing in general for TE Duabn. On the othe hand, 

7(17.5%) also disagrees, followed by 11 (27.5%) who are neautral and did not indicate 

where they are agree or not. Another 6 (15%) subjects agree, furthermore, only 3 

(7.5%) stronlgy agree that outsourcing of production is generally a good practise for 

the organissation. 

 

Figure 4-5 Customer happiness  
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While, this bar figure 4-5 chart shows that only 5 (12.5%) of the employees stronlgy 

disagree that TE Durban customers are happy with quality of outsourced parts after 

delivery. The study then had 9 (22.5%) that also disagree, followed by a couple of 14 

(35%) who are neutral, this group did not indicate whether they  agree or not hence 

an opportunity was given to them to indicate why they do not agree nor agree. Another 

10 (25%) subjects agree, furthermore, only 2 (5%) stronlgy agree the clients are happy 

about the quality of the parts supplied. 

 

 

Figure 4-6 Benefits in outsourcing 

 

However, figure 4-6 show that most employees agree 2 (5%) and strongly agree 12 

(30%) that benefits in outsourcing production do exist. For this statement, overall, the 

employees show positive response regarding the benefits of this practice. Only 5 

(12.5%) disagree, 13 (32.5%) neutral and 8 (20%) strongly disagree and do not believe 

there are benefits from this practice. 
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Figure 4-7 Outsource over insource 

 

This bar chart on figure 4-7 clearly display that the subjects do not believe that in-

house is less superior than outsourcing. This can be seen by a huge number of 21 

(52.5%) that strongly disagree and 4 (10%) that disagree, with 8 (20%) that is neutral 

as well as only 3 (7.5%) that agree. 

 

 

Figure 4-8 Outsource vs insource cost 
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Again, like the previous statement, figure 4-8 shows a huge number of employees do 

not agree that outsourcing is not expensive. This was shown by 15 (37.5%) that 

strongly disagree, 7 (17.5%) that disagree, 13 (32.5%) neutral, 3 (7.5%) that agrees 

as well as 2 (5%) that strongly agrees that outsourcing is not expensive. 

 

 

Figure 4-9 Outsource lead-times 

 

One of the most important key performance indicators for outsourcing is lead time. 

The subjects’ responses were also showing almost equal distribution for a group of 

employees that disagree 12 (30%), 10 (25%) neutral and 11 (27.5%) that agree. Figure 

4-9 shows that there was a 4 (10%) that strongly did not agree at all that lead times 

are within the desired time frame specifically for outsourced parts. Lastly, on 3 (7.5%) 

strongly agree regarding the lead-times. 
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Figure 4-10 Management and outsourcing decision 

 

It is usually a management decision to make in organizations when there is a need to 

outsource some portion of production activities. Figure 4-10 shows that about 15 

(37.5%) employees strongly agree that management does not outsource when there 

is no particular need to do so. They only outsource when it is rather necessary. 

Around10 (25%) also agree, while 8 (20%) is neutral, then 4 (10%) do not agree, 

where else only 3 (7.5%) strongly disagree that management practices this norm 

unnecessarily. The study also notes that in some cases, a big portion of employees 

usually does not agree nor disagree with the statements which made the researcher 

to encounter minor challenges in drawing a conclusion. 
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Figure 4-11 Outsource practice  

 

The bar chart figure 4-11 shows results that are almost equal, even by looking at the 

five bars, it clearly shows that for this statement, almost an equal number of employees 

per Likert scaling exits. There is about 9 (22.5%) of employees that strongly disagree 

that the organization should not stop with this practice. While 8 (20%) disagrees, 

another 9 (22.5%) is neutral, furthermore 7 (17.5%) agrees, and then another 7 

(17.5%) strongly agree. 
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Figure 4-12 Outsource effect on employee jobs 

 

This was one of the most sensitive statement the employees had to respond to due to 

that it is speaking about the jobs of employees. The study sensed some panic based 

on results shown in figure 4-12, 18 (45%) strongly disagreed, followed by 6 (15%) that 

disagree. One could tell already that outsourcing is not always a topic employee would 

like to hear. Furthermore, 5 (12.5%) is neutral, 7 (17.5%) agrees and lastly only 4 

(10%) strongly agrees that outsourcing does not reduce work availability for 

employees and lead to retrenchments. 

 

Figure 4-13 Outsource and production targets 

 

Figure 4-13 shows that when outsourcing is practiced, only 4 (10%) employees 

strongly disagree that production targets are met. Followed by 7 (17.5%) who also 

disagree, 15 (37.5%) do not agree nor agree to this statement. There are also 11 

(27.5%) employees who agree, and lastly only 3 (7.5%) also strongly agree that 

targets are met. A huge number of employees from the sample is really not sure 

whether production targets are met or not. 

 



 
 
 

85 
 

 

Evaluation of production outsourcing effectiveness in the rolling stock manufacturing sector 
 

 

 

 

Figure 4-14 Customer satisfaction 

 

On figure 4-14, not even one employee strongly agrees that customers are happy 

because of outsourcing at times. Only 5 (12.5%) strongly disagree, with 13 (32.5%) 

who agree, an equal percentage of 13 (32.5%) also for neutral employees, then 9 

(22.5%) agree that customers are happy due to outsourcing in the organization. There 

is 0 (0%) employees who strongly agree that TE customers are happy due to 

outsourcing. 

The responses were displayed in a bar chart format downloaded from google forms 

computer application that was utilized to conduct the survey, where the x-axis reflects 

the level of agreement and y-axis shows the number and percentage of employees 

who responded.  

4.3.2 Hypothesis t Test Data Analysis 

For this objective, which is the second, a hypothesis t-test was used to analyze the set 

of data collected. One would ask why a hypothesis test was adapted because the 
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results are already displayed on the bar charts. One of the reasons is that the t-test is 

best to compare two means of groups (agree and disagree) in this case, as mentioned 

in the previous chapter. This helped the researcher to achieve more accurate results 

as possible before drawing a conclusion. The following steps were followed in 

analyzing data for objective two: 

Step 1 - State the null alternative hypotheses. 

The null hypothesis and alternative hypothesis were as follows: 

     : There is no difference between number of employees who agree versus who 

disagree regarding production outsourcing influence. 

     : There is a difference between number of employees who agree versus who 

disagree regarding production outsourcing influence. 

 

The table below shows the two response types for employees.  
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Table 4-4 Employee response data categorized by response type 

 

 

The following table displays response types with average, standard deviation as well 

as sample size.                          

Table 4-5 Average, standard deviation and sample size statistics categorized by 
response type 

 

Step 2 - Choose significant level – α. 

The degree of freedom was then calculated, with a 0.05 significance level. 

df = n1 + n2 -2 

Category Agree Disagree

9 20

12 14

14 13

7 25

5 22

14 16

25 7

14 17

11 24

14 11

9 18

Employee 

Responses

Category Agree Disagree

Sample Size 11 11

Average (X-bar) 12.18 17

Standard deviation (s) 5.269 5.568
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= 11 + 11 – 2  

= 20  

Since this is a two tailed t- test, significance level = 0.025 (0.05/2) for right and left. 

tail. 

Step 3 - Set the criteria (critical values) for rejecting the null hypothesis. 

The critical value was then established by first establishing an alpha level establishing 

an alpha level using the t distribution table, a full table available on appendix 5. 

 

 

Figure 4-15 T- distribution plot two-tails  

alpha = 0.05 

degree of freedom = 20 

Critical value  

= 2.086 
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In these two tailed tests, it will be tested whether the sample is greater or less than 

the range of values. Null hypothesis testing and statistical testing significance will be 

tested. If the sample being tested falls into either of the critical areas, the alternative 

hypothesis is accepted instead of null hypothesis. For this objective, by convention, a 

two-tailed test was used to determine significance at the 5% level, this means that 

each side of the distribution is cut at 2.5% as show on figure above.  

Step 4 – Compute the test. 

Additional to the above tables, the below table with values was computed using 

Microsoft Excel. More calculations were completed by utilizing the table below: 

Table 4-6 Sample 1 and 2 table 

 

 

The test statistics was calculated, but before it was calculated, a pooled estimate 

variance from the sample had to be found. When testing a hypothesis for two 

independent samples, there is a need to calculate the estimated standard error of the 

difference between the sample means first. 

n1 x1 x1-x̄1 (x1-x̄1)² n2 x2 x2-x̄2 (x2-x̄2)²

S1 9 -3,18 10,11 S1 20 3 9

S2 12 -0,18 0,03 S2 14 -3 9

S3 14 1,82 3,31 S3 13 -4 16

S4 7 -5,18 26,83 S4 25 8 64

S5 5 -7,18 51,55 S5 22 5 25

S6 14 1,82 3,31 S6 16 -1 1

S7 25 12,82 164,35 S7 7 -10 100

S8 14 1,82 3,31 S8 17 0 0

S9 11 -1,18 1,39 S9 24 7 49

S10 14 1,82 3,31 S10 11 -6 36

S11 9 -3,18 10,11 S11 18 1 1

 134  277,64 187,00  310
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= √29.382 (√1/11+√1/11) 

= 5.42 √ (0.09 +0.09) 

=5.42 (√0.18) 

= 5.42 (0.42) 

= 2.276 

Where: 

Sizes of the two samples are represented as below: 

 

n1 = 11 and n2 = 11 

Pooled sample variance is represented below: 

 

Calculated as follows: 

 

But the formula often expressed as below, simplified by substituting SS for the sum of 

squared deviations: 
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= (277.64 + 310)/20 

= 29.382 

 

At this step, data from the two groups is presented. Calculating the test statistic for 

independent samples is a bit different since the study deals with two sets of data. The 

below formula is used to calculate the test statistics: 

 

In this instance, the hypothesized difference is zero, so the T-Statistic formula reduces 

to: 

  

= (17 – 12.18)/2.29 

= 4.82/2.29 

= 2.104 
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Where: 

 

4.3.3 Results Discussions  

Step 5 - Make a decision, reject or fail to reject the null hypothesis. 

Just a reminder from the literature in previous chapter, when the t value is more than 

critical level, the study rejects the null hypothesis. This means that the data favors the 

alternative hypothesis, the results would then be statistically significant. However, if 

the t value is less than the significance level, the study fails to reject the null hypothesis 

and the results will not be significant (Walker 1995). 

For this study, t value is 2.104, and significant level is 2.086. This means that the study 

rejects the null hypothesis, therefore the results are significant. To evaluate the 

difference between the means in order to decide about the employee responses, the 

study compared the test statistic to the theoretical value from the t distribution. 

Step 6 - Interpret the decision within the context of the problem. 

The decision will depend on the t value obtained in step 5 which was already obtained. 

Therefore it would be concluded that employees do not think production outsourcing 

is effective if the t value was equal or less than the signifcant level. However the t value 

if greater than the significance level, then this means that, employees do think that 

production outsourcing is effcetive through yelding positve reults by managing and 

supporting increased demand. This is simpy because the null hypotheses that states 

that sample means are equal was not rejcted. 
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4.3.4 Limitations of The Hypothesis t Test 

 This type of test can only used to compare two groups. If used to compare more 

than two groups, type-I error may occure. For this study, agree and disagree 

groups were compared. The t test is also known to be highly sensitive to sample 

sizes (n>30), for this this study sample 1 is 11 as well as sample 2, if the sample 

was more than 30, a z test would be more suiable for the study. 

 The data for this study is normally distributed, this means that it is symmetrically 

distributed with no skew. When plotted on a graph, the data follows a bell shape, 

with most values clustering around a central region and tapering off as they go 

further away from the center. 

 An assumption that there is equality of variances between the groups was also 

made for this test. 

4.3.5 Two sample t Test Assumptions 

 The data are continuous (not descrete). 

 The data variences of the two populations are equal. 

 The data follows the nromal probabilty distribution. 

 Both sampels are simple random samples from their respctive population. 

 The two samples are independent.  

4.4 Conclusion 

AB Ltd problem of not meeting monthly targets as well as producing products at high 

cost will be managed better, with the evidence from the results drawn from the study. 

For aspect one, the study shows that outsourcing cost in not necessarily lower than 

insourcing cost, and the costs are also not equal. This data will be useful to AB Ltd 

management making outsourcing decision. Additionally, management will pay 

attention to other challenges related to production efficiency in the organization as we 

well as to manage outsourcing practice better than before. For aspect two, the results 

are related to the confidence the employees have when it comes to production 
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outsourcing. This has direct impact to overall efficiency due to that if employees do 

not have pride and confidence about any practice in the company, the overall 

efficiency is limited and compromised. A buy in from the employees is necessary when 

management is dealing outsourcing decisions. As mentioned in the chapter, the study 

has two objectives and with two data analysis techniques, that made this possible. 
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5. CHAPTER 5: CONCLUSIONS AND FUTURE 

RECOMMENDATIONS 

5.1 Introduction  

This chapter gives the conclusions concerning the research problem and the 

hypotheses. It also provides the research findings, recommendations where shortfalls 

are identified, limitations, and conclusion. The chapter also provides directions for 

additional research that will further assist the rail-manufacturing sector and any other 

relevant sector in making the best outsourcing decisions for organizations. 

5.2 Statement of The Research Problem  

The aim of this research is to evaluate the cost to outsource some production activities 

versus in-house. Furthermore, assess production outsourcing influence in the 

changing demand patterns and its influence on AB Ltd customer satisfaction. The 

research compromised of two objectives namely:  

 To investigate how production outsourcing could reduce production costs. 

 To investigate how production outsourcing has influence to manage and 

support increased customer demands. 

5.3 Research Hypotheses Statements 

The research hypotheses based on the two objectives are: 

Hypothesis statement 1: Production outsourcing cost is same as in-house 

production cost.  

 

Hypothesis statement 2: Production outsourcing has influence in managing and 

supporting increased customer demands. 
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5.4 Summary of The Findings and Conclusions 

5.4.1 Objective 1 

For the first aspect, the findings are splits into two categories: 

 Firstly, it is established that the cost to insource is less than the cost to 

outsource. As per below table, the average unit cost is R2 866.44 in-house, and 

the average unit cost is R3 015.66 during outsourcing. The total cost is also 

provided by the table as R78 348.97 for insource, and R84 616.20 for 

outsource. This summary of results addresses the first objective. 

Table 5-1 Summary results of cost prices 

 

 Secondly, in reference to the above table 5-1, summary results provide a 

comparison of the two set of costs based on data collected from SAP over the 

two years at AB Ltd. This was completed in order to address objective one as 

stated in previous chapter. However, the study had to further conduct a Chi-

square test through hypothesis in order to see the significance of the results. 

The Chi- square test was then used to reject the null hypothesis, below is table 

5-2 that indicates the test summary of the results: 
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Table 5-2 Chi square test results through hypothesis 

 

The conclusion is that the cost rate of insourced parts differs to that of outsourced part. 

This therefore means that production outsourcing does not necessarily reduce 

production costs for AB Ltd. The same parts were studied during outsourcing and 

when manufactured internally. 

5.4.2 Objective 2 

The questionnaire in statement form distribution and completion by AB Ltd employees 

was a total of 440. Results were computed from 321 responses because 119 of the 

response were neutral and eliminated for further analysis. This means that the 

employees did not agree nor disagree to the statement posed on the 119 responses 

hence the study decided not further analyses and consider this data. 
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Table 5-3 Summary results from survey 

 

Based on the summary results on table 5-3, conclusion shows that 58% of employees 

disagree that production outsourcing has influence in managing and supporting 

increased customer demands. Moreover, 42% of the employees agree that production 

outsourcing has influence in managing and supporting increased customer demands. 

Even though the results were of this nature, the study additionally tested their 

significance by using a t test. 

Below table 5-4 illustrates the summary results of the t test. The t test illustrate that 

the t value is 2.104, and the critical value is 2.086. This means that the study rejects 

the null hypothesis because the t value is greater than the critical value. The alternative 

hypothesis is then supported based on these results. 
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Table 5-4 Hypothesis t-test results 

 

The study concluded that production outsourcing does not have positive influence in 

managing and supporting increased customer demands. This was based on the null 

hypothesis that was rejected; hence the study supported the alternative hypothesis. 

5.5 Recommendations  

Based on the study findings, the recommendations were made for AB Ltd. 

 It is recommended that AB Ltd outsources the right components. Outsourcing 

is a huge step, the question of which components to outsource is one of the 

most important. It is important not give up AB Ltd’s competitive advantage when 

outsourcing is being implemented. 

 The study recommends that when AB Ltd is already an order winner for some 

components in the region, those must not be outsourced. In support of this 

recommendation, the study suggests that no outsourcing should be 

implemented for parts that will have direct impact on AB Ltd’s customers. 

 The study recommends that although AB Ltd outsourced to save money at 

times, it makes it difficult and unusual to ensure that the projected savings tie 

up with the actuals. In the beginning, the partnership seems to realize savings 

for the firm, however a few months in the agreement, price adjustments, time 

loss and other global factors come up. This recommendation emphasis that AB 
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Ltd should not only focus on cost when practicing outsourcing, but to also 

consider other factors. 

 This recommendation is all about controlling and maintaining the outsourced 

components. The staff that is responsible to oversee the relationship from 

various stakeholders need to be skilled. This includes managers, engineers, 

warehouse supervisors, planners, quality personnel and others. All these 

stakeholders need to understand the corporate vision well and be able to 

oversee processes and the part being outsourced. 

5.6 Proposals for Future Research 

The proposals for future research constructed are presented below: 

 Explore and conduct further research at AB Ltd on outsourcing of other activities 

(marketing, shipping and logistics, IT management and customer services) than 

production, this might also increase overall company efficiency. 

 Further research should be conducted in other regions like western region, 

inland region, northern region and southern region in AB Ltd in order investigate 

any gap that might be like the one of this study. The reason for this is that the 

study only focused on the eastern region located in Kwa-Zulu natal although 

the company still has other branches in other regions. 

 It would be good for AB Ltd nationally to be made aware and informed on gaps 

related to production outsourcing, hence a bigger sample size would need to 

be considered for next research studies. 

5.7 Limitations of The Study  

Limitations do exist for this study. The sample was restricted to only AB Ltd 

manufacturing facility, in the rolling stock sector located in Durban SA. Even though 

the study is not a representation of the entire manufacturing rolling stock sector in SA, 

the findings presented essential information on understanding of production 

outsourcing influence. This crucial information is mostly important for the Durban 

region where the study was conducted, but it does not imply that other regions and 
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researchers cannot make use of it. Another limitation is that the study did not pay 

additional attention to possible factors that could also affect the efficiency of production 

like land, capital goods and entrepreneurship (DAMIYANO 2018). 

5.8 Conclusion Comments 

This study provided conclusions related to the literature review and presented 

summarized findings. Moreover, it provided recommendations, limitations, future 

recommendations arising from the findings on production outsourcing influence in the 

rolling stock manufacturing sector AB Ltd in SA, focusing on the Durban region. This 

study found that production outsourcing does not necessarily reduce production costs. 

It also found that production outsourcing has some form of influence in managing and 

supporting increased customer demands. However, based on the results from the 

second aspect of the study, it does not bare a positive influence in relation to 

production costs.  

The solutions to high production costs do not lie in production outsourcing for AB Ltd, 

this is evident based on the findings presented. Even though for AB Ltd the solution 

for high production costs is not outsourcing, the study did manage to make some 

recommendations based on the findings. Some of them are to always ensure to 

outsouce the correct parts, keeping core parts inhosue, and also emphasing that the 

organisation does not save money by outsourcing. 
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Appendix 1: Sample of outsourced and insourced parts with costs 
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Appendix 2: Survey questionnaire responses detail 
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Appendix 3: Survey questionnaire summary 
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Appendix 4: Critical value of 𝑋2 table  
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Appendix 5: Critical value of t table 
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Appendix 5: Critical value of t table continued……  

 

 

 

 


