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Abstract   

Improving productivity in the manufacturing system is the core objective of all manufacturing companies as it 

determines how well the company utilises its resources compared to requirements.  Emanating from a continued 

demand for efficiency and productivity, automation becomes the key driver in such an achievement.  Thus, 

automated flow line manufacturing systems are becoming more relevant in the automotive sector. This study 

examines the influence of automation for productivity improvement in a selected automotive assembly 

organisation in South Africa, automation being the creation and application of technology to monitor and control 

the production and delivery of products and services.  The study was quantitative in design and examined the 

production of an automotive assembly organisation that has adopted an automation system for productivity 

improvement in its automobile Deck Tailgate process in its weld plant.  This company operates in the eThekwini 

Municipality in KwaZulu-Natal province of South Africa.  The study was conducted by collecting pre- and post-

quarterly data for labour productivity and process efficiency.  The results established that labour productivity and 

process efficiency improve as a result of the application of automation.  However, automation will lead to the 

reduction of human participation in the production systems.  This may result in uncertainties amongst employees 

that must be properly communicated and managed. The original value of this study is its approach in uncovering 

strengths and weaknesses of automation for productivity improvement in South Africa.   

Keywords: Automation, Automotive Assembly Organisation, Deck Tailgate, Downtime, Labour Productivity, 

Process Efficiency, South Africa 

 

INTRODUCTION   

There is an upsurge in the use of automated flow line manufacturing systems, especially in the 

food and beverage as well as the automotive sectors.  For instance, improving the efficiency of 

automated flow line manufacturing systems for automotive assembly is the core objective of 

companies that are measured by the overall equipment effectiveness (OEE) index (Rahman & 

Hoque, 2014).  Automated manufacturing systems are now being profoundly influenced by the 

changes in market requests. Increasing variety and differentiation due to factors such as more 

customisation, shorter product lifecycles and uncertainty in demand need to go hand-in-hand 

with increased effectiveness in order to be competitive (Mourtzis, Doukas. & Psarommatis, 

2012).    

For automation to be part of the manufacturing system, it has to comply with the overall 

production strategy.  According to Manyika (2017), automation designed for the improvement 

of lean manufacturing does not reduce the flexibility and robustness of the system. Lean 

automation uses robust, reliable components and minimises overly complicated solutions 

(Daso, 2017). In order to fit lean principles and practices, there is a need for the development 
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of robotised working cells with solutions giving increased availability, the reduction of set-up 

times, the improvement of the ability to easily reconfigure, and the existence of information 

design to clearly present visual information and options to the operators.  Automation involves 

the entire process, including bringing material to and from the mechanised equipment. It 

normally involves integrating several operations and ensuring that the different pieces of 

equipment ‘talk’ to one another to ensure smooth operation.   

It has been established that automation affects competitive advantage if it plays a significant 

role in determining the relative cost position or differentiation. Since automation is embodied 

in every value activity and is involved in achieving linkages among activities, it can have a 

powerful effect on both cost and differentiation. Using highly automated manufacturing 

systems is a way for companies with high labour costs to compete (IVA, 2005).  Traditionally, 

high-tech automation has been used by companies that are not considered lean (Muffatto, 

1999), while companies such as Toyota have developed so-called low-cost automation 

(McCarthy & Rich, 2004).  Hence, this study assesses the implication of automation on 

productivity in an automotive assembly organisation in South Africa.  

The interplay between automation and employment has long been an important subject, with 

the beginning of each new Industrial Revolution bringing about new discussions on the topic 

as the fear of technological unemployment reappears, and as the prospect of technological 

bonanza is revisited (Webb, 2019).  That moment has arrived with an increase in discussions 

about the fourth Industrial Revolution.  Understanding the impact of new technologies applied 

to production in each industrial revolution might be one of the reasons why the impact of 

automation has been positive.  In terms of job quality, the current wave of automation is 

expected to increase workers’ precision in  important areas such as medicine, reduce repetitive 

tasks such as data input and augment workers’ capacity to deal with large amounts of 

information (Action and Research Centre, 2017).  It is estimated that by 2030, 75 to 375 million 

workers (3–14% of the global workforce) will need to change their occupations as in many 

current occupations up to 30% of activities will be automated by smart machines with the aid 

of artificial intelligence and robotic process automation (RPA) (MarketWatch, 2017).  In 

addition, the adoption of automation has been accelerated with the COVID-19 pandemic, as 

has happened with other trends that were expected to take years or decades to occur but are 

happening in a much shorter time (McKinsey Global Institute, 2017).  It has thus been observed 

that global industries have not only faced technological changes that have led to opportunities 

of automation such as greater flexibility but have also presented diverse challenges such as 

rapid technological changes, increased complexity and changing customer preferences and 

legal requirements (Syverson, 2017). This has led to challenging situations in a corporate 

context including the perception of manifold new technological opportunities.  However, 

people are uncertain as to how to use and implement them simultaneously for productivity 

improvement (Smith, 2018).  Consequently, this study examines the implication of automation 

on productivity in an automotive assembly organisation in South Africa. 
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PROBLEM STATEMENT 

Low-level productivity in the manufacturing sector in South Africa 

South Africa’s productivity level, in the manufacturing sector, continues to be low despite 

numerous attempts to improve it (The Conference Board, 2015).  The manufacturing industry 

achieved only 36% of the USA’s productivity level in 2014.  It also showed low labour 

productivity when compared with its BRICS counterpart countries like Russia, India and China 

(CEIC, 2020).  The South African manufacturing industry achieved only -0.65 per cent as 

compared with 1.79 per cent for Russia, 3.64 per cent for India and 6.27 per cent for China in 

2019 (CEIC, 2020).  South Africa needs to deal with the competitive challenges involved in 

promoting automation in relation to the improvement of productivity (Doherty & Kiley, 2019).   

The rest of the study discusses the literature review, the methodology employed, study results, 

as well as the discussion of results.  In addition, it deliberates on the implications of results for 

policy and practice, study limitations, conclusion, as well as future research required.   

 

LITERATURE REVIEW  

This section discusses automation as an advanced manufacturing system, and its effect on 

labour during the automation change process.  The influence of automation on efficiency 

concludes this section.   

Background and overview of automation 

Historically, technological development has led to profound social conflicts (Mokyr, Vickers 

Ziebarth, 2015).  During the first industrial revolution organised groups of workers destroyed 

the factories where machines were contained as the new technology was viewed as destroying 

jobs (MacLeod, 2007).  Mechanisation, or the socio-historical process that had led to the 

replacement of workers with machines and an exponential growth in labour productivity, was 

the object of a profound socio-economic debate in the 19th and 20th centuries (Webster, 2002).  

On one side were the followers of Karl Marx, who regarded machines as increasing the 

exploitation of workers, and on the other side were most classical and neo-classical economists 

who regarded technology as the main variable of modern economic development.  The debate 

on the economic effects of automation survived into the 20th century (Bix, 2000; Woirol, 1996; 

Neisser, 1942).  From the 1920s in the USA, the spread of new methods of analysis of 

productivity allowed researchers to observe how it was continually and rapidly growing.  Until 

the end of the seventeenth century, the debate about the theme of technological unemployment 

was completely theoretical. The scientific division of work and the production chain as 

presented in Henry Ford’s factories allowed a great increase in work productivity. According 

to the US Bureau of Labour Statistics between 1918 and 1927, work productivity grew in all 

economic sectors (in particular in the mineral extraction) in values between 20 and 50 per cent, 

whereas in railway transportation and in manufacturing, there was a decrease of work force.  

Economists such as John Maynard Keynes and Wassily Leontief predicted an evolution of the 

economic system, in which human labour would become increasingly residual.  Keynes praised 

the benefits of new-found free time, almost considering technology as a means of freeing man 
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from the toil of work (Milliken, 1987); Leontief, more pessimistically, compared the process 

of replacement of humans with machines, predicted to take place during the 21st century, to 

that which led to the replacement of the horse with the car during the 20th (Leontief, 1983).  

Ricardian pessimism, for which the introduction of machines in factories would mark the 

advent of an enduring period of technological unemployment, reappears in the writings of 20th 

century authors (Aronowitz and Di Fazio, 1994).  While Keynes was aware of the acceleration 

of technological progress due to the modernisation of work and the assembly line (Fordism), 

Leontief was a keen observer of the economic effects of the digital revolution of the 1980s. 

They both knew that future technology would be infinitely more powerful and less expensive 

than its predecessors. It seemed very unlikely that such technological advances, maintaining 

this pace, would not impact the labour market over time. 

It can thus be pointed out that manufacturing systems are often considered to be complex 

systems (Deshmukh, Talavage & Barash 1998; Kuzgunkaya & ElMaraghy 2006).  Typical 

areas where the concept of automation has been investigated, experimented with, and refined 

are in the studies of situation awareness and the handling or the understanding of data 

(Syverson, 2017). This concept is interesting in systems with multiple system goals, multiple 

tasks competing for an operator’s attention, and high-task demands under limited time 

resources. Results from the studies of such systems (Schwab, 2015; Syverson, 2017; Webb, 

2019) are to some extent transferrable between different researches areas (Doherty & Kiley, 

2019).  In one of the organisations in Sweden, work with continuous improvement was done 

primarily outside of the robot stations (Almandeel, 2014). This was because the robot stations 

were considered ‘black boxes’ that did not provide enough support for the production engineers 

and operators to institute improvements and optimisation in the automated stations.  When 

organisations build their own automation solutions, the process can easily be maintained by the 

production engineers themselves (Arbuckle, 2013).  One of the typical problems when dealing 

with complex automated systems is that the user has to navigate through a large set of 

information in order to find out what information is required at any particular point in time 

(Fernandez & Aman, 2018). This becomes increasingly difficult when the information is 

distributed over several entities and interfacing points in the work station.  Designing a user 

interface that sorts the information in the automated system and only displays that information 

that is relevant at any point in time is a critical task in making the system easier to use.   

The effects of labour during the application of automation  

Automation requires less manual intervention and may result in a reduced requirement of 

employees as well as the adoption of newer ways of working (Lingmont & Alexiou, 2020).  

For those employees who understand the business reason and implications of an automation-

driven change and are unable to reskill or re-align current competencies to future demands of 

jobs, there is a possibility that any uncertainty in the change process itself might induce job 

loss. 

This increased appreciation of the discipline and knowledge of the inevitability of automation 

is likely to promote insecurity. Organisational change can increase demands of time and skills, 

create fissures within team structures and cause insecurity (Wiesenfeld et al., 2001). 
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Uncertainty refers to the psychological state of doubt about the results of a situation (DiFonzo 

and Bordia, 1998).  This state of doubt is experienced by individuals at three levels (Milliken, 

1987) when it comes to organisational changes and related decision-making: state, effect and 

response uncertainty. State uncertainty represents the lack of foresight into how the parts of the 

organisational environment are changing.  Uncertainty of change increases when the process 

of change is poorly communicated, or when leaders fail to engage employees in the change 

discourse, leading to perceived marginalisation (Riolli and Savicki, 2006). While job insecurity 

can be precipitated by organisational change (Baillien and De Witte, 2009; Ferrie 2001; Ferrie 

et al., 2002), it is also a subjective assessment of involuntary job loss exacerbated by a 

perceived lack of control over the resulting circumstances. 

In its 2017 survey, McKinsey found that 83% of the surveyed firms in India reported 

willingness to automate their work. Robots featured as an important technological adoption, 

ranging from humanoid robots (27%) to stationary ones (39%).  Furthermore, jobs involving 

repetitive tasks have a very high potential for automation.  In this situation one would find 

organisations start preparing their employees through workshops and training sessions 

(Fernandez & Aman, 2018), helping them understand the process, benefits, technical 

implementation details and use of automation.  Employees may also realise that their existing 

skills may be deficient or unsuitable in the new situation, resulting in a sense of despair, further 

leading to job insecurity and a potential intention to quit. Recent research by Lingmont and 

Alexiou (2020) has shown a positive correlation between awareness of automation 

technologies and job insecurity. Employees could experience uncertainty at a personal 

circumstantial level in spite of their high-skill level and the realisation of the benefits of 

automation to the organisation.  The individual could have questions about relevance of 

existing job functions, span of control and outsourcing strategies. There could be doubts about 

how this impacts his or her existing employment in the short and medium term. The employee 

may have options to respond to these uncertainties, such as upskilling, moving laterally within 

the organisation or seeking other employment.  However, the impact of these responses may 

still be unclear. It could also be argued that even those employees who do not have the relevant 

skills may still display commitment to change, namely, the intention to support change due to 

acknowledgement of benefits as rational beings. Thus, it is likely that this commitment to 

change, believing in the inevitability of the change, will aggravate the likelihood of job loss in 

such individuals (Webb, 2019).   

When looking at the benefits of automation in the current fourth Industrial Revolution, one can 

highlight its potential for reducing errors, increasing productivity, augmenting human capacity, 

overcoming the challenge of the ageing population and improving speed and quality (Bejakovi 

& Mrnjavac, 2020).  Unlike humans, machines do not get tired or have any feelings; they can 

make decisions very fast, based on an abundance of data. These characteristics give them an 

advantage over humans in certain types of activities where they can reduce errors and risks, 

such as driving cars and trucks or storing and dispensing medication in pharmacies (McKinsey 

Global Institute, 2017).  Machines have great potential to augment human capacity in activities 

where they cannot replace labour (Autor, 2015).  Hence, this study assesses the influence of 

automation on labour productivity. 
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Significant of automation on process efficiency  

Automation, in the manufacturing sector, is influenced by the changes in market requests 

(Webb, 2019).  As personalisation of products, mix variability, requirement of short time to 

market and risk of product obsolescence all increase, the need of continuous flow and JIT 

solutions force industry to make constant improvements in terms of product quality, operation 

efficiency and production capacity utilisation (Battini, Manzini, Persona & Regattieri, 2006).  

The food and beverage sector is characterised by automated flow line manufacturing systems.  

This means that there are several machines working in sequence, connected through various 

transport systems.  Automation, in general, leads to the reduction of human participation in the 

production systems, the introduction of machines for repetitive and/or complex actions as well 

as the transformation of production to make it as continuous as possible (Autor, 2015). With 

this kind of production system, few operators are required.  Nevertheless, downtimes remain 

as a relevant cause of inefficiency and require focused analysis.  As a result, this study examines 

whether automation has the ability to improve organisational productivity in the selected 

automotive assembly organisation in South Africa.  It explores the suitability of automation as 

an appropriate manufacturing system for productivity improvement.   

 

RESEARCH DESIGN AND APPROACH  

This study was quantitative in nature. It examines the relationship of company productivity as 

a dependent variable to labour productivity and process efficiency. Bryman and Bell (2007) 

describe the quantitative design as an approach involving the use of statistical procedures to 

analyse the data collected. Consequently, after the measurements of the relevant variables, the 

scores were transformed using statistical methods.  For this study to achieve its objectives, the 

pre- and post-automation data were collected over time from one large automotive assembly 

organisation.   The organisation is situated within the eThekwini Municipality in the province 

of KwaZulu-Natal in South Africa.  Data were analysed using the descriptive and conclusive 

designs.  Conclusive studies are meant to provide information that is useful in decision-making 

(Yin, 2008).   

Company Position Pre-Automation  

The company that agreed to participate had adopted automation in its Deck Tailgate process in 

the weld plant.  Prior to automation, it was unable to achieve the set production target of 87 

Takt time. Takt time is the rate at which the product is completed in order to meet customer 

demand (Lebednik, 2012).  It therefore implemented automation in process in order to improve 

plant productivity through standard time improvement.  This resulted in the development of a 

human resource capacity to handle automated systems for both the internal staff and suppliers.   

The automated system was directed towards the company’s blue-collar employees whose jobs 

require manual labour.  The following Figure 1 presents the layout of the Deck Tailgate process 

prior to its implementation of automation. 
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Figure 1: Pre-Automation Deck Tailgate 

 

Source: company’s quality records (2022) 

The Deck Tailgate was assembled through six processes by six blue-collar employees.  

Employee numbering on Figure 1 explains the flow of the Deck Tailgate assembly process 

from employee 1 to 6.  The process is complete once the Deck Tailgate panels are assembled 

into a single unit (employee 6). 

Pre-automation performance implications 

The Deck Tailgate assembly had six activities.  These included the repetitive activities, namely 

press, take out from press machine, secure, join and position. Workloads for all six employees 

were unbalanced.  Their activities were completed by each at different cycle times, thus 

affecting labour productivity and process efficiency.  For instance, employee 6 took longer to 

complete a given Deck Tailgate process as compared with employees 1, 2, 3 and 5.  Thus, 

employee 4 had to complete his or her tasks within the set target time whilst employees 1, 2, 3 

and 5 competed them in far less than the set time, as shown in Figure 2.   

Figure 2: unbalanced assembly workload affecting performances for employees 1 to 6 

 

Source: Author’s own work. 
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Pre-automation process 

The unbalanced workload amongst employees involved in the assembly process necessitated 

the re-arrangement and re-balancing of the Deck Tailgate process.  The re- arrangement 

initiatives led to consolidation of activities to less manual work.  The process served as a base 

for the introduction of jig robots within the Deck Tailgate assembly, thus automating the 

section.  Josh (2021) defines a jig as a special purpose device used to guide and locate the tool 

to a pre-defined position on the work-piece.  Consequently, the process required fewer 

employees to be accomplished, resulting in a labour productivity increase and process 

efficiency improvement.  Figure 3 shows a schematic presentation on the re-arrangement of 

activities as a result of the application of automation in the Deck Tailgate assembly.  

Figure 3: re-arrangement of activities in the Deck Tailgate Assembly process 

 

Source: Author’s own work. 

COMPANY’S POSITION POST-AUTOMATION  

The unbalanced Deck Tailgate assembly workload shown in Figures 1 and 2 necessitated the 

re-arrangement of the process for productivity and process efficiency improvement. As 

indicated, this resulted in the re-arrangement of the assembly process, thus consolidating 

activities to less manual work.  The process was motivated by the introduction of robots within 

the Deck Tailgate assembly, thus automating the entire section. Consequently, this resulted in 

the reduction of employees in the section from six to two, resulting in a labour productivity 

increase and process efficiency improvement (as shown in Figure 6).  However, the following 

Figure 4 presents the layout of the pre-automation Deck Tailgate process. 
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Figure 4: post-automation layout of the Deck Tailgate process 

 

Source: company’s quality records (2022) 

Post-automation performance implications 

This section explains process changes that lead to workload balance emanating from the 

introduction of robots, thus automating the process.  The approach, subsequently, resulted in a 

balanced workflow in the Deck Tailgate assembly for productivity and process efficiency 

improvement. Figure 5 shows the workload balance between the two remaining employees. 

Figure 5: workload balance between the two remaining employees 

 

Source: Author’s own work. 
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The following Figure 6 shows the extent of Takt time capacity improvements resulting from 

process changes and automation.  It shows the progressive improvements in Takt time from 

117 minutes in quarter 1; 104 in quarter 2; 93 in quarter 3; and 78.87 in quarter 4 (as compared 

to the target Takt time of 78.71 minutes).  

Figure 6: Process Improvement Post-Automation 

 

Source: Author’s own work. 

 

SUMMARY OF RESULTS 

This section presents results for pre- and post-automation means comparison. 

Pre- and post-automation means comparison 

Table 1 compares the means (in percentages) for labour productivity, process efficiency and 

downtime.  

Table 1: Pre- and Post-Automation Percentage Means Comparison 

No. Variable 
Pre-automation 

period (%) 

Post-automation 

period (%) 

% mean difference 

(post – pre) 

1. Labour productivity 85.25 90.50 +5.25 

2. Process efficiency 85.67 91.71 +6.04 

Source: author’s own analysis 

Table 2 indicates that the percentage mean data for pre-automation on labour productivity and 

process efficiency are 85.25% and 85.67%; respectively.  In addition, the percentage mean data 

for post-automation on labour productivity and process efficiency are 90.50% and 91.71% 

respectively.  Table 2 shows and increase in mean values on labour productivity and process 
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efficiency when post-automation is compared with the pre-automation periods.  This indicates 

the influence of automation in the organisation that participated in the study.   

Equality of pre- and post-sample variances 

The Bartlett’s test was used to verify whether the variances were equal for all the samples 

(Curwin & Slater, 2002).  The following Table 2 presents detailed results of Bartlett’s tests for 

homogeneity of variances for labour productivity and process efficiency. 

Table 2: Bartlett’s Test for Homogeneity of Variances 

Variables 
means of 

transformed data 

standard deviations of 

transformed data 
P-Value 

Labour productivity 87.875 6.074  

0.001 Process efficiency 88.667 5.281 

Source: author’s own analysis 

The p-value in the Bartlett’s tests (at p>0.05) show that a homogeneity of variances has 

occurred, thus rejecting the null hypothesis.   The p-value at 0.001 is low when compared with 

the significant level of 0.05.  It can be concluded that there are distribution changes between 

the two parts of time-series.  

 

DISCUSSIONS  

This study investigates the influence of automation on the improvement of company 

productivity in an automotive assembly organisation in South Africa.  It examined the 

production and related experiences of the automotive assembly organisation that had adopted 

an automation strategy in its Deck Tailgate operations.  Quarterly time series data on labour 

productivity and process efficiency were used to analyse data. Results indicate labour 

productivity and process efficiency improves as a result of the application of automation.   It 

has the ability to raise productivity from 0.8 to 1.4%, annually (McKinsey Global Institute, 

2017). However, the improvement was a consequence of the reduction in the number of 

employees from six to two.  Employee reduction is concurred by Autor (2015), who indicates 

that automation normally leads to the reduction of human participation in the production 

systems, the introduction of machines for repetitive tasks and the transformation of production 

to make it as continuous as possible. Riolli and Savicki (2006) are of the view that employee 

uncertainties that result from operational change increases when the process of change is poorly 

communicated, or when leaders fail to engage employees in the change discourse leading to 

perceived marginalisation. 

 

IMPLICATIONS OF RESULTS FOR POLICY AND PRACTICE  

Manufacturing organisations operating in South African should revise their performance 

systems and implement automated technologies that help to achieve productivity goals 

(Grewal, 2011).  This must be based on an understanding of the economic factors affecting 



 
 
 
 

DOI 10.17605/OSF.IO/57GZ2 

537 | V 1 8 . I 0 5  
 

automation in operations.  Besides the achievement of the study objectives, the following 

conclusions can be made on the adoption of automation: 

1) It has a potential to increase productivity and augment human capacity (Bejakovi & 

Mrnjavaz, 2020). 

2) It reduces downtime whilst improving a company’s productivity 

The introduction of automation may significantly increase uncertainty amongst employees 

about skills, jobs and the nature of their work.  Consequently, organisational change can 

increase demands of time and skills, create fissures within team structures and cause insecurity 

(Wiesenfeld et al., 2001). Uncertainty, in this case, refers to the psychological state of dubiety 

about the results of a situation (DiFonzo and Bordia, 1998).  Employees may exercise different 

options. They may either stay in their roles, try to find another lateral move within the 

organisation, upskill or leave the firm (Autor, 2015). Consequently, uncertainty of change 

increases when the process of change is poorly communicated, or when leaders fail to engage 

employees in the change discourse leading to perceived marginalisation (Riolli and Savicki, 

2006). 

 

STUDY LIMITATIONS  

The study was limited to an automotive assembly organisation within the eThekwini 

Municipality. The investigation was conducted in a single company that has adopted 

mechanisation in its assembly process.  As there are eight registered assembly organisations in 

South Africa (SAinfo, 2018), the results cannot be extrapolated to other companies within the 

sector.  Future studies ought to use the more advanced Johansen VAR methodology, which 

relies on large datasets. 

 

CONCLUSION 

Numerous studies perceive automation as an approach that results in positive outcomes (Autor, 

2015; Bejakovi & Mrnjavaz, 2020; Syverson, 2017).  It has the potential to reduce errors, 

increase productivity and augment human capacity (Bejakovi & Mrnjavac, 2020).  It involves 

the entire process, including bringing material to and from the mechanised equipment (Daso, 

2017).  Properly implemented and managed, the strategy results in the improvement of the 

overall business performance.  Hence, the study revealed the relationship between labour 

productivity and the overall company post-automation productivity. 
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