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ABSTRACT–Studies through literature reveal that many production systems were found unproductive and 

some fade away because they cannot sustain industrial revolution which required dynamic and optimal 

management available resources-based uncertainty. Hence the need for development of a model at resolving 

sustainable productivity challenges under revolution class. The attributes (internal and external) of industrial 

failure were determined using questionnaire administration and oral interview of industrial experts in five (5) 

selected production companies (Company A, B, C, D and E) in Nigeria.Production System Effectiveness (PSE) 

factors: Availability P(I), Performance P(p) and Quality P(O) were determined using Traditional Approach 

(APQ) in order to arrive at manageable decision-making criteria under uncertainty, risk or competition. Initial 

measures of PSE were based on the input internal factors (manpower, machine, material, energy, management, 

information / communication, money and marketing), while sustainability decisions were determined using 

industrial revolution standards. Paired t-test statistic was used to test the levels of significant difference on (PSE) 

at 5 %.The results indicated varying optimum decisions which were influenced by the standards of 

measurement. The mathematical model developed under Traditional Approach for PSE shows that all the 

companies selected for investigation were not-sustainable while company A, D and E were sustainable under 

Traditional Approach for WPSE. However, the differences identified had little or no effect on sustainable 

decision making in all companies investigated. 

 

Keyword: Industrial Revolution, Production System, Effectiveness, Sustainability 

 

 

I. INTRODUCTION 

The persistence failure in production 

process due to inadequacy of production resources 

has been affecting the production system 

productivity. The study that identified and 

integrated the factors responsible for productivity 

failure is very rare. Productivity measurement with 

reference to: sustainable trend, global acceptable 

and industrial revolution standards were partially 

explored. A model is necessary to holistically 

consider factors that influencing both productivity 

and sustainable development 

The standard of living of a given country 

can be directly related to the per capita energy 

consumption. The recent world's energy crisis is due 

to two reasons: the rapid population growth and the 

increase in the living standard of whole societies. 

The per capita energy consumption is a  

 

 

 

measure of the per capita income as well as a 

measure of the prosperity of a nation [1]. The energy 

improvement challenges have adversely affected the 

productivity of other resources in the production 

systems. 

With increasing globalization, human 

capital and manpower development, machine 

revolution, material advancement, modern 

communication, advanced marketing and energy 

hybridization, a good sources utilization policy is 

required and can be accessed through qualitative 

education and training in sources management [2]. 

 Human capital development is crucial and 

ultimate in propelling productivity. Equipment and 

technology are products of human minds and can 

only be made productive by human beings. The 

energy sector also contributed to the industrialization 
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of any nations, its failure however has an advert 

effect on the nation economy growth [3]. 

From the past studies [4, 5] and [6] factors 

that influence sustainability of the production process 

were grouped into internal and external factors. 

Internal factors include manpower development, 

machine revolution, material choice and selection, 

management strategy, energy utilization/availability, 

information acquisition method, money/funding rate, 

and marketing strategy [7].  The external factors are 

related sustainability trend, global sustainability 

acceptable standard and industrial revolution 

sustainability [8]. 

 

II.   METHODOLOGY 

The manufacturing industry is a large 

industry that undertakes series of activities, which 

include the production of different items, machines, 

equipment etc. There are a range of sections in the 

manufacturing industry, from the managerial section 

down to production, maintenance and inspection 

departments. The manufacturing industry is ever 

changing. Due to the competition between 

corporations, industries, businesses, firms and 

organizations, there is always the desiring need for 

something new. Every industry or firm must have a 

competent management in place to ensure that the 

production process is always on the right track. In 

order for the manufacturing industries to compete 

favourably with one another, they must be innovative 

[9] A competitive manufacturing industry is an 

ingredient of sustainable development [10]. 

Sustainable development is a long term 

continuous development of society, aimed at 

satisfaction of humanity’s need at present and in the 

future via rational usage and replenishment of natural 

resources, and preserving the earth for future 

generations [11]. In other palace, sustainable 

development means attaining a balance between 

environmental protection and human economic 

development and between the present and future 

needs [11]. In all cases, manufacturing (production) 

industries played a prominent role at achieving a 

sustainable development goal by 2030 [7]. 

In line with the sustainable development 

goal, production industries required a good 

transportation system (by land, water or air) which 

comprised automobiles, marines and aeronautics. 

Transportation industries have played a good role in 

sustainable development in the areas of safe 

transportation of raw materials and finished goods 

to/from the production industries [12] Good 

transportation system has enabled wastes 

elimination, and prompt availability of raw materials 

and other production resources as and when required 

for production activities, thereby improving 

resources utilization, procurement management and 

sustainability [13, 14, 15]. 

Developing countries need accelerated 

growth and the manufacturing industry provides the 

bulk of this transition to developed economies. This 

means a bulk of investment is necessary to develop 

infrastructure for the industries to thrive, reach their 

sustainable capacities and attain accelerated Gross 

Domestic Product (GDP).  On this basis, strategic 

planning geared towards promoting adequate 

investment in the manufacturing industry is 

necessary [16]. 

The global demand for effective utilization 

of both humans and machinery is increasing due to 

wastage incurred during product manufacturing. 

Excessive waste generation has made entrepreneurs 

find it difficult to breakeven. The development of 

dynamic error-proof Overall Equipment 

Effectiveness (OEE) model for optimizing the 

operations of a complex production system is 

targeted at minimizing/eradicating generated 

wastes/losses [7]. 

The global mantra in the past four decades 

has culminated in the desire to achieve sustainability 

and sustainable development. This mantra has 

stemmed from concerns for the future, in terms of 

resource endowment, human health and the 

environment. Nigeria has yet to meet this goal as 

there are several challenges to sustainable industrial 

development [17]. 

  

2.1 Industrial Revolution 

Technical advances also change the way 

humans produce things. The step into production 

technology, which was completely different from the 

past, is also called the industrial revolution. The new 

production technologies fundamentally changed the 

working conditions and lifestyles of people. What 

were the industrial revolutions and where do we find 

ourselves now? ―From the First Industrial Revolution 

to Industry 4.0‖[18]. 

Industry 0.0 to 0.9 dating back to around 

fifteen century, the Industrial Revolution was the 

transition to new manufacturing process using stone 

called stone-age. It was in terms of manufacturing a 

smaller number of various goods and creating local 
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standard of living for some people. Stone are used in 

absence of the idea of manufacturing with machine. 

The first Industrial Revolution (Industry 1.0)began in 

the 18th century through the use of steam 

power and mechanization of production. What before 

produced threads on simple spinning wheels, the 

mechanized version achieved eight times the volume 

in the same time. Steam power was already known. 

The use of it for industrial purposes was the greatest 

breakthrough for increasing human productivity. 

Instead of weaving looms powered by 

muscle, steam-engines could be used for power. 

Developments such as the steamship or (some 100 

years later) the steam-powered locomotive brought 

about further massive changes because humans and 

goods could move great distances in fewer hours[18]. 

Fuel sources like steam and coal made machine use 

more feasible, and the idea of manufacturing with 

machines quickly spread. Machines allowed faster 

and easier production, and they made all kinds of 

new innovations and technologies possible as well. 

Second Industrial Revolution (Industry 

2.0)began in the 19th century through the discovery 

of electricity and assembly line production. Henry 

Ford (1863-1947) took the idea of mass 

production from a slaughterhouse in Chicago: The 

pigs hung from conveyor belts and each butcher 

performed only a part of the task of butchering the 

animal. Henry Ford carried over these principles 

into automobile production and drastically altered it 

in the process. While before one station assembled 

an entire automobile, now the vehicles were 

produced in partial steps on the conveyor belt -

 significantly faster and at lower cost. The first 

Industrial Revolution represented the period between 

the 1760s and around 1840. This is where the second 

industrial revolution picked up. Historians sometimes 

refer to this as ―The Technological Revolution‖ 

occurring mainly in Britain, Germany and America 

[19]. 

During this time, new technological systems were 

introduced, most notably superior electrical 

technology which allowed for even greater 

production and more sophisticated machines. 

Indeed, the third Industrial Revolution 

(Industry 3.0) began in the ’70s in the 20th 

century through partial automation using memory-

programmable controls and computers. Since the 

introduction of these technologies, we are now able 

to automate an entire production process - without 

human assistance. Known examples of this 

are robots that perform programmed sequences 

without human intervention.It began with the first 

computer era. These early computers were often very 

simple, unwieldy and incredibly large relative to the 

computing power they were able to provide, but they 

laid the groundwork for a world today that one is 

hard-pressed to imagine without computer 

technology. Around 1970 the Third Industrial 

Revolution involved the use of electronics and IT 

(Information Technology) to further automation in 

production. Manufacturing and automation advanced 

considerably thanks to Internet access, connectivity 

and renewable energy. Industry 3.0 introduced more 

automated systems onto the assembly line to perform 

human tasks, i.e. using Programmable Logic 

Controllers (PLC). Although automated systems 

were in place, they still relied on human input and 

intervention [18]. 

The fourth Industrial Revolution (Industry 

4.0) is characterized by the application 

of information and communication technologies 

to industry and is also known as "Industry 4.0". It 

builds on the developments of the Third Industrial 

Revolution. Production systems that already 

have computer technology are expanded by 

a network connection and have a digital twin on the 

Internet so to speak. These allow communication 

with other facilities and the output of information 

about themselves. This is the next step in production 

automation. The networking of all systems leads to 

"cyber-physical production systems" and 

therefore smart factories, in which production 

systems, components and people communicate via 

a network and production is nearly autonomous. The 

Fourth industrial Revolution is the era of smart 

machines, storage systems and production facilities 

that can autonomously exchange information, trigger 

actions and control each other without human 

intervention. 

This exchange of information is made possible with 

the Industrial Internet of things (IIoT) as we know it 

today. Key elements of Industry 4.0 include: 

(a) Cyber-physical system — a mechanical device 

that is run by computer-based algorithms. 

(b) The Internet of things (IoT) — interconnected 

networks of machine devices and vehicles 

embedded with computerized sensing, scanning 

and monitoring capabilities. 

(c) Cloud computing — offsite network hosting 

and data backup. 

(d) Cognitive computing — technological 
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platforms that employ artificial intelligence. 

―Industry 4.0 starts to move towards Industry 5.0 

when you begin to allow customers to customize 

what they want 

In short, Industry 4.0 is a game-changer, across 

industrial settings. The digitalization of 

manufacturing will change the way that goods are 

made and distributed, and how products are serviced 

and refined. On that basis, it can truly lay claim to 

represent the beginning of the fourth industrial 

revolution.[18]. 

 

 

2.2 Emergence 5th Industry revolution 

(Industry 5.0) 

Less than a decade has passed since talk of 

Industry 4.0 first surfaced in manufacturing circles, 

yet visionaries are already forecasting the next 

revolution — Industry 5.0. If the current revolution 

emphasizes the transformation of factories into IoT-

enabled smart facilities that utilize cognitive 

computing and interconnect via cloud servers, 

Industry 5.0 is set to focus on the return of human 

hands and minds into the industrial framework. 

Industry 5.0 is the revolution in which man and 

machine reconcile and find ways to work together to 

improve the means and efficiency of production. 

Funny enough, the fifth revolution could already be 

underway among the companies that are just now 

adopting the principles of Industry 4.0. Even when 

manufacturers start using advanced technologies, 

they are not instantly firing vast swaths of their 

workforce and becoming entirely computerized. The 

cost of a new product can be determined with the 

help of costing software for manufacturing industry. 

It automates the costing processes and accelerates the 

time to market on new products. 

In addition to these pieces, Industry 5.0 integrates 

human creativity and robotic precision, working 

toward a unique solution that will be the demand of 

the next decade. Together, Industry 4.0 and 5.0 have 

created a roadmap that industries must follow in 

order to ensure sustainable and effective 

performance.[18]. 

 

2.3 Industrial Sustainability Measure 

The effectiveness of operational level and 

management (EM) practices and their long-term 

impacts on material inventory was assessed using 

data from U.S. industrial facilities [20]. Demand-side 

mitigation solutions such as changing 

peoples' consumption behaviors can substantially 

help limit climate change. In manufacturing realm, 

promoting and directing consumption behavior of 

customers is good factor of encouraging sustainable 

industrial development [21]. 

Sustainability measures are being re-

designed to provide a measurement of sustainability 

within the link of accountability [22].  Measuring 

and evaluating the performance of production 

process sustainability is still not a common practice 

in companies [23]. 

 

2.4 Production System Effectiveness (PSE) 

PSE depends on availability rate, 

performance efficiency and quality rate. Therefore, 

PSE increases with increase of these three elements. 

Increase in availability rate reduces buffer 

inventories needed to protect downstream production 

from breakdowns and increases effective capacity. 

Increase in the rate of quality products means that 

there is less scrap and rework, reduces costs, and 

yields a higher rate of quality [24]. PSE is a complete 

performance measurement indicator. The industrial 

revolution in which production system effectiveness / 

productivity were been measured are enumerated in 

Table 2.1. In this study the choice of sustainable PSE 

was based on the three standards, this was rare in the 

past studies. [25]. 

 

Table 1: Sustainable Standard of Production System Effectiveness / Productivity 

 

Sustainable 

Standards/ 

Classes 

 

Effectiveness/ 

Productivity  Range 

Sustainability Implication 

Industrial 

Revolution 

P(R) 

0 – 0.5 I1.0 (Not  

sustainable) 

0.51 – 0.84  I2.0 (Fairly/averagely sustainable) 

0.85 – 1.0  I3.0 – I4.0 (Sustainable)  

https://www.easy-kost.com/en/software/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/consumer-behaviour
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≥ 1.0 I5.0 (Sustainable) 

(Felsberger et. al., 2020; Kareem et al. 2020) 

 

2.7 Framework for Model Development  

The productivity challenges were caused by 

both external and internal factors, individually and 

collectively. The identified internal and external 

factors are sustainable development trend, industrial 

revolution, and globally sustainable/acceptable 

standard.  The block diagram that shows the relations 

among the internal, external and production system 

effectively is given in Figure 3.1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Block Diagram of Production (Process / System) 

 

The challenges posed by the internal/external factors hindered attainment of the maximum obtainable 

productivity index of unity (1). That is for the N number of internal factors, productivity continued to decrease 

with increase number of factors N called challenges. Therefore, traditionally, productivity or production system 

effectiveness (PSE) was mathematical presented as (Eqn 1) was modified as in Eqn 2, to take care of the 

stochastic nature of the process.  

𝑃𝑆𝐸 = 𝐴𝑃𝑄           (1) 

𝑃𝑆𝐸 = 𝑃 𝑆 = 𝐴𝑃𝑄          (2) 

 

where, 

𝑃𝑆𝐸 𝑖𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑦𝑠𝑡𝑒𝑚 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 

𝐴 𝑖𝑠 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 

𝑃 𝑖𝑠 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 

𝑄 𝑖𝑠 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 

𝑃 𝑆  𝑖𝑠 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠) 

 

INDUSTRIAL DEVELOPMENT CHALLENGES 

 

 
EXTERNAL FACTORS 

 

 Sustainable industrial 

revolution attainment 

 

 

 

INTERNAL FACTORS 

(used as instrument of 

isolation of external factor) 

 Manpower 

 Machinery 

 Information / 

communication 

 Management 

 Energy 

 Money / funding 

 Material 

 Marketing/revenue/profit  

 
 

ISOLATION 

1 
 

ISOLATION 

2 

PRODUCTION 

(Process / System 
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Eqns 1 and 2 are similar because their outcome always less than 1 but they are different because the former is 

static while the latter is probabilistic, its outcome can change in space and time. This indicated the real nature of 

the production system. On this basis, Eqn 2, on consideration of the stated challenges was modified as Eqn 3. 

𝑃𝑆𝐸 = 𝑃 𝑆 = 𝐴𝑃𝑄 < 1  (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Block Diagram of propose Model Characteristic  

 

 

The problem at hand is how to improve productivity 

such that external factors hindrance is mitigated. 

That is, industrial revolution, 𝑃(𝑅),  which is termed 

exogenous variables are satisfied as presented in 

Eqns4. 

 

𝑃 𝑆 = 𝐴𝑃𝑄 ≥ 𝑃(𝑅)   (4) 

 

where: 

𝑃 𝑅  𝑖𝑠 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

The block diagram shown in Fig 3.2 depicted the 

improvement strategy developed at meeting the set 

standards, with the main objective of meeting the 

condition of productivity stated in Eqn5.   

𝑃 𝑆 = 𝐴𝑃𝑄 = 1    

     (5)  

The modelling outcomes are summarized in Table 

3.1.  First, the initial (availability, A, performance, P, 

and Quality, Q) productivity measures were modified 

by productivity of the internal factors that affect 

production system effectiveness. Next, Production 

System Effectiveness𝑃𝑆𝐸/𝑃 𝑆 was determined 

under normal conditions. Then, further decision 

analysis under the influence of external factor. 

Finally, sustainability decision (sustainable or 

unsustainable) was made using industrial revolution 

class, 𝑃(𝑅). 

 

 

 

 

 

[𝑨] 

INPUT FACTORS 

(CRITERIA)  

(i) Energy 

(ii) Money / funding 

(iii) Material 

(iv) Manpower 

(v)  Management 

(vi) Information /  

      Communication 

(vii) Machinery 

(viii) Marketing/Revenue 

/Profit 

 

 
 

[𝑄] 

OUTPUTS 

GOODS/ SERVICES 

Quality / Reliability / 

Quantity 

 

 

[𝑃] 

PRODUCTION 

PROCESS 

 

 

 

IMPROVEMENT DESIRED (if any) 
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Table 2: Summary of the Mathematical Model Development 

S/

n 

Paramet

er  

Traditional / Convectional (Old Model) Definition of symbols 

1 Initial 

condition 

of 

productio

n process 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐴 =  
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 

𝐴 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 

 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑃 =
𝑁𝑒𝑡 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 

𝑃 = 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 

 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦𝑄 =

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡 −
𝑑𝑒𝑓𝑒𝑐𝑡 𝑎𝑚𝑜𝑢𝑛𝑡

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡
 

 

𝑄 = 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑  

𝑎𝑚𝑜𝑢𝑛𝑡 

 

2 Sustaina

bility 

evaluatio

n 

 

 

𝑃 𝑅 , 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙  

𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 ≥ 0.85, 1.0 

 

2.8 Model Validation and Performance 

Test 

Data were collected to test the efficacy of the 

model. Model was tested using first round of data 

collected (70 % of the data) while the second round 

of the data (30 %) was used for validation. Paired 

T-test statistics was used to test if there existed a 

significant difference of PSE (𝜇2) and for a given 

production system (company). 

Hypothesis: 

𝐻𝑂 :𝜇1 = 𝜇2 

𝐻1:𝜇1 ≠ 𝜇2 

Decision rule: reject H0 if 𝑃𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 < 𝑝 −

𝑣𝑎𝑙𝑢𝑒. 

Inference:  

Since 𝑃𝑐𝑎𝑙 < 𝑝 − 𝑣𝑎𝑙𝑢𝑒 there is enough evidence 

to reject. 

 

2.9 Collection of Data  

 Relevant data were collected using 

questionnaire and oral interview conducted in five 

(5) selected companies, labeled A, B, C, D and E.. 

The data were collected on production process, 

working hours, downtime, product rejection, etc. 

these data were used for estimating relevant 

parameters as contained in the developed model. 

Estimated parameters include: Availability Rate, 

Production Process Performance, Quality rate, 

Production System Effectiveness     (𝑃𝑆𝐸), and 

decisions on production system process 

sustainability were made based on 𝑃 𝑅 criteria 

established from the literature. The summaries and 

nature of the data collected from Company A was 

given in Tables 3.2
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Table 3: Data collection on Availability, Performance, and Qualityof Company A  

Company A 

Process line Product:  Cement processing line/Eight (8) hours shift  

Input  

Factor 

Availability P(I) /hour = A Performance P(p) /hour = P Quality P(O)/quantities (kg) = Q 

Plants 

Time/( Set-

up / h 

Loading Time= 

(Process + 

loading + off-

loading) time /h 

Process 

Time 

/h 

Operating time  

(Cycle time)/h 

 

 

Processed 

Amount/k

g 

Defect loses amount/kg 

Idling 

losses/h 

minor  

stoppage /h 

Reduced 

speed /h 

 

 

Rework 

losses 

Defect 

losses 

Start-up 

loses  

Scrapped 

loses 

Manpower 8 8 8 1 2 0.5 1,200 25 10 5 2 

Machinery 6 8 7 1 2 1 1,000 50 22 12 3 

Info./comm 8 8 8 0.5 1 1 950 15 5 5 1 

Management 6 8 7 0.5 0 1 700 20 14 5 2 

Energy  7 8 6 0.5 0 3 1500 22 12 5 4 

Money/fund 8 8 7 0.5 0 1 2000 50 15 7 5 

Material  8 8 7 1 0.5 0.5 1150 12 20 20 7 

Marketing  8 8 8 0.5 1 0.5 1100 11 20 18 2 

𝑃𝑺𝑬 = 𝑨𝑷𝑸 

 

0.9210 0.8806 0.9890 

 0.9210 × 0.8806 × 0.9890 = 𝟎. 𝟖𝟎𝟐𝟏 
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III.  RESULTS AND DISCUSSION 

 Summary of the Production System 

Effectiveness (PSE) results under traditional (APQ) 

and modified approach (MBA) are presented in 

Table 4.1. It can be revealed that traditional approach 

under equal weights has not produced sustainable 

outcomes in all companies investigated, while 

companies A, D and E had sustainable performance 

under weighted arrangement.  The application of the 

modified Bayesian approach indicated a tremendous 

improvement due to integration of new production 

process information. In this case, production system 

effectiveness was sustainable in all companies in 

both normal and weighted scenarios. 

 Table 4.2 shows the summary of  the 

Production System Effectiveness, PSE; and the 

corresponding decision outcomes (sustainable, fairly 

sustainable or unsustainable) for companies  A, B, C, 

D and E, under competitive production environment 

with reference to sustainable trend, global acceptable 

and industrial revolution standard factors (Table 4.2). 

 

 Table 4: Normal Production System Effectiveness (PSE) 

Comp

any  

Conventional/ Traditional 

Approach  (APQ) (normal PSE, 

and weighed WPSE 

Industrial revolution     

standards  

Sustainability Revolution class 

𝑃𝑆𝐸 = 𝐴𝑃𝑄 ≥0.85, 1.0  

A 0.8016 I2.0 Fairly sustainable 

B 0.4849 I2.0 Not sustainable 

C 0.3430 I1.0 Not sustainable 

D 0.6970 I2.0 Fairly sustainable 

E 0.7128 I2.0 Fairly sustainable 

 

 

IV. CONCLUSION 

A model that capable of resolving 

sustainable productivity challenges of production 

industries was established in this study. The model 

was tested using data obtained from five Nigerian 

Companies. Production System Effectiveness (PSE) 

factors: Availability (A), Performance (P) and 

Quality (Q) were determined using Traditional 

Approach (APQ)  in order to arrive at manageable 

decision making criteria under normal and/or 

competitive production environment. The results 

obtained from the model revealed that varying 

system sustainability decision making was due to 

standard of measure. There was significant 

difference on PSE in many industrial revolution 

cases tested, but these differences had little or no 

effect on optimum decision making in all companies 

investigated. 

The mathematical model developed under 

Traditional Approach for PSE shows that all the 

companies selected for investigation were not-

sustainable while company A, D and E were 

sustainable under Traditional Approach for WPSE. 

However, the differences identified had little or no 

effect on sustainable decision making in all 

companies investigated. 
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