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Abstract 

 
Systems for refining and handling foundries have rapidly evolved in recent years. There is a constant requirement that 
the foundry industrial maintain its competitive stature in such a competitive environment. Absence of proper 
productivity measures diminishes the ability to ensure production performance. Uncontrollable and unstable processes 
impact profitability and sustainability of the organisation. The purpose of this study was to evaluate the current 
production capability with a view of enhancement. A combination of descriptive and non-parametric statistic was used 
to analyse data gathered. The proposed industrial engineering methodologies of improvement proved successful for 
the foundry industry. A quantitative cross-sectional survey research design was used for the study. This study utilised 
a self-developed questionnaire to identify the factors that are contributing to the low productivity of the Gauteng 
foundry industry. The population for this study consisted of foundry employees in the Gauteng Province of South 
Africa. The study selected a purposive sampling technique to provide insight into the specific study. The quantitative 
data obtained from the study was analysed using several statistical tools in the Statistical Package for the Social 
Science (SPSS) version 24.0 tool. The study was restricted to the Foundry industry, Gauteng Province. The integration 
of Lean methods, Plan-Do-Check-Act (PDCA) cycle method, and 5S methodology is proposed to achieve continuous 
improvement in the production environment of the foundry industry. This framework provides guidance on the use of 
productivity improvement techniques by clearly indicating steps and targets that support the achievement of cost 
reduction and continuous process improvement. 
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1. Introduction 
The foundry manufacturing processes include metal castings that are equipped for making moulds, melting and 
handling molten metal, performing the casting process, and cleaning the finished casting. Metal castings include a 
large and diverse family of processes that can be categorised in many ways. For example, molten metal is cast into 
shapes using moulds and various patterns. Metal casting refers to the process through which the molten metal is 
allowed to flow by gravity or under pressure into a mould, where it solidifies in the shape of the mould cavity. The 
metal casting is removed from the mould after which it is machined and heat-treated. According to Cagno, Ramirez-
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Portilla and Trianni (2015:4), foundries produce castings that are close to the final product shape, that is, adjacent 
form components. Thus, types of casting processes used differ between different foundries; the casting process 
depends on the quantities and the size of castings to be produced. Foundry companies are required to focus their 
customer business strategies in terms of quality, cycle time, cost and effectiveness. Conversely, most South African 
foundries are unable to meet customer requirements, and as such find themselves failing to take advantage of 
opportunities existing in the industry  

 
For a foundry manufacturing industry, productivity growth improves profitability and enhances a firm’s competitive 
position in the market. Olson (2006) discovered that productivity improvement in an enterprise could be a result of 
management efficiency. Araujo, Amaral and Varela (2017) state in their review that investment in both human and 
equipment resources will improve plant efficiency and employee improvement suggestions and the interaction of 
production employees with equipment engineers or specialists. An efficient productivity improvement strategy 
requires a systems approach which recognises the interrelationship between the elements of the system and its 
environment. According to Mostafa and Dumrak (2015), the main features of productivity enhancement include just-
in-time practices, work-in-progress, and waste reduction (Groover  2011; Lee & Johnson 2013; Stevenson, 2015). 
Concerning the wastes, the literature promulgates that in the manufacturing industry these are classified into seven 
categories: waiting times, movements, overproduction, over processing, inventory, transport and defects. In the 
defined context of defects, various authors point out that defects are the main cause of damages in more advanced 
components. Defective products and production lines are present in the foundry manufacturing industry and 
requirement investigation.  
 
2. Literature review 
2.1  PDCA cycle 
The PDCA cycle, also known a Deming cycle or Shewhart cycle (Saier, 2017), is a lean manufacturing methodology 
that was developed in 1930, when there was no more exclusive products and a more quality management focusing on 
competitiveness raised in the global market (Gaither & Frazier  2002). The PDCA cycle is characterised by its focus 
on continuous improvement; therefore, one can consider it as one of the tools that can cause improvement in the 
foundry industry (Maruta  2012:204). Many believe that the application of the PDCA cycle is more effective than 
adopting the right first-time approach (Lee & Johnson  2013: 80; Lyman  2015:101). This is because when applied 
correctly in any manufacturing operation, it means one is continuously looking for better systems of improvement 
while ensuring that senior managers or supervisors must take corrective action. Olson (2006) explains that the PDCA 
cycle, also known as an iterative four-step management approach is used for controlling and continuously improving 
processes. The PDCA method has enormous applications when developing a new or improved design of a process; 
when defining a repetitive work process; and when implementing any change (Groover 2011: 10; Lyons, Vidamour, 
Jain & Sutherland  2013: 476; Lyman  2015:103; Zeng, Phan & Matsui, 2015:216; Zokaei & Simons  2006:142). 
Belekoukias, Garza-Reyes & Kumar (2014:5348), for instance, conducted study relating to the impact of lean methods 
and tools on the operational performance of manufacturing organisations. Tahiduzzaman, Rahman, Dey & Kapuria 
(2018:22). PDCA has been applied in operations (Nascimento, Quelhas, Caiado, Tortorella, Garza-Reyes & Rocha-
Lona, 2019:578); process engineering, procurement and ceramic (Babu, Thirugnanam & Sivam, 2016:416). A lack of 
their application has caused the performance of the domestic manufacturing sector to perform ineffectively in recent 
years as seen by weak demand conditions in local and external markets, as well as by increased competition from 
imported products (Lee & Johnson  2013:17; Wilson, Lindbergh & Graff, 2014:306; Ramachandran & Neelakrishnan  
2017:110). 
 

● Plan: The method pledges an improvement solution with a Plan by identifying what exactly is the problem. 
● Do: The plan is executed by Do; firstly, and identifying possible solutions. 
● Check: The information resulting from the experiment is checked and studied. 
● Act: The final stage of Act concludes the cycle by applying actions to the outcomes for necessary 

improvement. 
 
2.2  5S methodology 
5S methodology is a reference to a list of five Japanese words (Seiri, Seiton, Seisō, Seiketsu and Shitsuke), and used 
for arranging, managing the workspace and work flow with the aim of improving manufacturing efficiency by 
eliminating waste as well as improving process flow (Gupta & Jain  2015; Magdy  2018). Abadi (2017) reveal that 
the 5S tool originated from the Japanese acronym for seiri (Sort), seiton (Set in order), seiso (shine), seiketsu 
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(standardization) and shitsuke (sustain). It is a structural system, it can assist to organise any manufacturing operation 
(Gupta & Jain  2015). Card (2018) gives clarity on the logic behind the 5-S principles at the workplace as the basic 
requirements for high efficiency in producing better quality products and services with little or no waste. The 5S can 
also help both foundry managers and employees to reduce non-value adding time and improve productivity and quality 
of their products and services (Fore & Mbohwa  2010:315; Srinivasan et al.  2016:365). Nel (2014) also stated that 
5S helps eliminate waste and streamline operations by closely coordinating all activities. Omogbai and Salonitis 
(2017) summarised the 5S technique as follows:  
 

● Sort- To organize things in order, for easiness of storing and retrieval.  
● Set- To designate and clearly label where everything should be stored.   
● Shine- To keep everything clean and neat.  
● Standardise- To document the work approaches and make the 5s part of the culture of the organisation.  
● Sustain- To form a practice of continuous improvement procedures.  

 
2.3 Lean principles 
Mpanza et al. (2013: 566) identified different types of casting processes that can be utilised by individual foundry 
organisations, depending on the quantities and the size of castings they produce. The study conducted by the National 
Foundry Technology Network (NFTN) (2009) found that most used casting processes in South Africa include sand 
casting, die casting, investment casting, and spin casting. Ayeni et al. (2018:38) further explain that Lean can be 
simply defined as a manufacturing approach to minimizing inventory and managing operations. Lean manufacturing 
supplies the customer with exactly what they want when they want it, without waste through continuous improvement 
(Render & Heizer  2005).  Neves  et al. (2018) further define lean tools as a necessity to meet the demands of customers 
and to remain cost-effective as well as increasing competitive advantage in the market. The purpose of lean 
manufacturing technique is to improve lead times, quality, and customer satisfaction (Askin, Ronald, Jeffrey & 
Goldberg 2002). In essence, lean manufacturing in the foundry industry aims to eliminate any non-value-adding 
activities through continuous incremental improvements (Desai  2012).  
 
The core of lean manufacturing can be viewed as improvement which ultimately works hand in hand with innovation. 
Increasing innovativeness occasionally present an important mechanism for lean manufacturing (Lyons et al. 
2013:478). An astounding claim is made by Berente et al. (2013) that process improvement techniques, including lean 
practices, are a form of innovation. This means that lean manufacturing remains a technique that can evolve with time 
and can be suited for a foundry environment (De Simone  2014). This gives a deeper appreciation of the explanation 
by Womack et al. (2003) about the aims of a lean manufacturing strategy. This reviews the customer’s value and 
restructures the manufacturing processes to maximise that value (Nortije & Snaddon  2013);  Bhamu et al. (2014) 
specify that lean manufacturing is the business of making high quality products at a lower cost with speed and agility.  
It is a technique which touches the entire process of an organisation (Duarte & Cruz-Machado  2013).  
 
2.4  Productivity improvement approaches 
Several approaches stress the idea that structured training and organisation of should be central to improvement 
(Saraswat et al. 2015;  Ramachandran & Neelakrishnan  2017).  Gonmez et al. (2018) argues that the techniques of 
improvement be fully understood by everyone engaged in the process, but the business and organisational context of 
improvement should be understood. Productivity improvement approaches aspire to eliminate waste. Productivity 
improvement implies that some waste has been eliminated, where waste is any activity that does not add value 
(Mostafa & Dumrak 2015; Kucerova et al.  2018). Productivity is the value of outputs produced divided by the values 
of input resources used and provides the formula for calculating productivity (Gonmez  et al. 2018). Productivity 
refers to utilisation of resources, such as material and labour (Stevenson  2015). In modest terms, productivity is the 
ratio of output to input (Gaither & Frazier  2002). Studies have also been reported in the literature to identify the input 
resources and ensuring they are used optimally to produce a highest output (Mtshali et al.  2018). Productivity 
measures are useful on a number of levels, and effectively using available capital and labour in order to turn them into 
the products and services that company can offer to their customers (Zokaei & Simons  2006).  
 
Folan (2016) remarks that productivity measures serve as scorecards of the effective use of resources. Production or 
business managers are concerned with productivity as it relates to competitiveness. Productivity can be improved by 
(a) controlling inputs, (b) improving process so that the same input yields higher output, and (c) by improvement of 
technology (Gaither & Frazier  2002). Raw material availability, less adaptation and eased technology and continuous 
improvement are critical for competitiveness, globalization, and high productivity (Singh & Singh, 2015). Mtshali et 
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al (2018) report on the importance of government support.  Subrahmanya (2015) outlines the need for better inventory 
management. Summarising the literature studied, the internal and external factors playing a significant role in 
improving the productivity of foundry manufacturing companies involve internally human capital, material, machine, 
location, layout, technology, management, and external competitiveness, and government. The manufacturing process, 
also referred, to as the input-transformation-output model, centers on converting inputs such as raw materials into 
outputs (Kucerova et al. 2018) This process concerns the efficient use of resources to generate products in the shortest 
possible time, thus avoiding waste, with the aim of meeting or exceeding the requirements of customers (Card  2018). 
Foundry industries generate different types of products and deliver them to their customers to satisfy the market needs. 
The incoming foundry material is inspected and placed in a receiving bay, later to be transformed into the final product 
according to customer specifications (Deshmukh et al.  2017). Scrap and waste is generated along workstation or 
assembly lines (Saraswat  2015). External role players such as suppliers and customers drive manufacturing systems 
through order intake, placing orders, and delivery. The raw material and delivery are the final product to customers 
and promote competitiveness in the market compared to rivals. 
 
4. Research design 
A review of literature on productivity, continuous improvement approach, competitiveness, and manufacturing 
strategies related to foundry manufacturing processes was undertaken. A quantitative survey study using a random 
sampling strategy was then adopted for the empirical portion of the study (Creswell & Clark  2011). The survey 
method was considered applicable for this study because it definitely facilitates data generation procedures from large 
populations, making it easier to develop and administer the study questionnaire while generalizing the study findings 
(Creswell & Clark  2011). A self-developed questionnaire was utilized to identify the factors contributing to the low 
productivity of the Gauteng foundry industry (Munyai et al.   2018). This was developed using a 1-to-5 point Likert 
scale (where 1 represented “strongly disagree or least important” and “5 represented “strongly agree and very 
important”) to rate each of its items. These variables were ranked and used to identify productivity improvement 
indices that could enhance the productivity of the Gauteng foundry industry. 
 
The current study selected a purposive sampling technique to provide insight into the specific fields of interest (Bless 
et al. 2018). Data analysis investigates variables, as well as their effects, relationships, and patterns of involvement 
with the world (Welman et al.  2005). Creswell (2014) explained descriptive statistics as the brief descriptive 
coefficients which summarise a given data set, which can be either a representation of the entire population or a sample 
of a population. Furthermore, Tabachnick and Fidell (2007) suggested that data analysis should be such that study 
questions are well addressed and the study objectives are achieved. For this research, the data analysis used the SPSS 
(version 24) and Microsoft Excel 2013 statistical package to produce a combination of descriptive and non-parametric 
statistics (Field  2013). The analysis included descriptive statistics and the results were presented in the form of 
frequencies, pie charts, and graphs. Descriptive statistics were used to determine the relative importance of the critical 
factors for the effective productivity measurement of the foundry industry. The sample for the current study comprised  
143 managers/supervisors and employees of foundry manufacturing organizations in Gauteng Province of South 
Africa. The rule of thumb prescribes that no less than 50 participants are appropriate for a correlation with the number 
increasing with larger numbers of independent variables employed as the nominal anchor in determining the sample 
size (Tabachnick & Fidell 2007). The answers to the questions were coded, and the coding process permitted 
researchers to speedily retrieve and collect together all the text and other data that they had connected with the specific 
thematic idea of sorting sections or patterns that can be studied (Welman et al.  2012). 
 
5. Results 
Understanding productivity  
This statement attempts to determine the understanding of productivity, and if there are any practices within the 
foundry relating to the achievement of productivity improvement. Figure 1 shows that less than 4% of the 147 
participants say that their foundries do not apply any productivity improvements or measure productivity by either 
material or labor, while 24%%, 56%, and 15% of the participants strongly agree, agree, and are neutral respectively. 
An important observation is that more than 43% of the participants believe that management must educate employees 
about productivity.  
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Figure 1. Understanding Productivity 
 

i. Employee related factors 
 
The statements attempt to determine factors that lead to low productivity improvements in the foundry, these factors 
are segmented into three (3) segments. 
 
Figure 2  illustrates the results for statement 2, where less than 6 % and less that 15% of the participants either strongly 
disagree or disagree with the need for workers to be involved in productivity improvement initiatives or targets. This 
indicates that there is significant agreement about workers being part of the productivity improvement initiatives either 
through their experience or through training received. This is shown by the responses that are almost equally split 
between the three categories:  neutral, agree and strongly agree. 
 

 
 

Figure 2. Employee related factors 
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This statement attempts to determine how the foundries operate and use their machines and equipment efficiently and 
in ensuring that productivity is improved.  Figure 3 shows that less than 6% of the 147 participants say that machine 
maintenance is a high priority and that machines are never left idling. More than 31% of the participants strongly 
agree or agree, that in their foundries set up times are tracked and that downtime is minimized at all times. An 
important observation is that for more than 39% of the foundries each machine has a process instruction for 
maintenance. 
 

 
 

Figure 3. Equipment or machinery-related factors 
 
 
Foundry management-related factors   
This statement determines how foundry management and leadership communicate, encourage, and involves workers 
in ensuring that they are involved in activities relating to productivity improvement. Figure 4. shows that less than 6% 
and less that 15% of the 147 participants strongly disagree or disagree that management encourages or involves 
workers in implementing productivity improvement techniques.  An important observation is that more than 47% of 
the foundries monitor targets, and more that 32% of participants strongly agree or agree that management encourages 
teamwork and workers in their foundry.  
 

 
 

Figure 4. Foundry leadership and management-related factors 
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Tools or techniques that can improve productivity  
This statement was an attempt to determine if the foundry believes that productivity improvement tools or techniques 
can improve the sector. From the analysis below, it was encouraging that 78% of the respondents believed that 
productivity improvement techniques can be integrated into their current production process systems and that adopting 
productivity improvement techniques is vital for the foundry industry. Less than 10% of the respondents said no, while 
less than 13% said they did not know. It was quite a concern that 44% of the respondents indicated that not all 
employees know about the productivity of their foundry. However, 49% responded that their foundries are planning 
to use productivity improvement techniques in the near future (Figure 5).  
 

 
 

Figure 5. Can productivity improvement tools or techniques improve productivity in the sector 
Productivity tools or techniques currently being used in the foundry 

 
The statement determined what productivity improvement tools or techniques were being currently used by the 
foundries. Figure 6 gives a concerning analysis, where 42% of the participants stated that their foundries are not using 
any productivity improvement techniques. It is encouraging that 14% of the participants stated that they are using 
continuous improvement techniques, and 10 % of the participants declared that their foundries are using new software 
and new machines. This is an indication that the industry is slowly moving with change and adopting new 
technologies.  
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Figure 6. Productivity improvement tools or techniques currently used in the foundries 

 
6. Recommendation and conclusion 
The proposed productivity improvement framework for the Gauteng foundry industry 
The proposed framework encompasses key productivity improvement indicators which must be applied in order to 
improve productivity in the Gauteng Foundry sector. This framework is anchored on three key factors that must be 
addressed in order to improve productivity in the Gauteng foundry industry. These are further supported by tools that 
are implementable and sustainable in order to improve productivity. Productivity improvement is a journey that 
requires continuous implementation; the proposed framework gives further direction on how it must be implemented, 
monitored and sustained by the Gauteng foundry industry. The positive attribute of the proposed framework is that it 
is centred on continuity and sustainability while ensuring that all stakeholders from the foundry industry are involved 
and play a meaningful role in the implementation of the framework. This was done to minimise the risk of resistance 
and lack of support for the proposed framework.  
 
Figure 7 .below presents the proposed framework, which is further discussed in sections 5.3 to 5.3.3.3. 

 
 

Figure 7. Productivity Improvement Framework for the Gauteng Foundry Industry 
 
How the proposed framework addresses the problem statement 
The problem statement for this study was that the Gauteng foundry industry has become less efficient and is faced 
with a number of challenges. These include a lack of access to markets, a rise in input costs like energy and labor 
while having limited access to capital; minimal technology advancement and use is being implemented. This has led 
to the industry losing their global competitiveness and productivity. The proposed framework, used key improvement 
factors to address the problem of low productivity in the Gauteng foundry industry. These factors are grouped into 
three key productivity improvement factors that were recommended by this research as key focus factors to improve 
productivity. These three factors are discussed in detail below:  
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1.  
2. Management and leadership related factors 
The proposed framework addressed five key factors that the foundry management and leadership should implement. 
These are listed as follows: 
3. Development of a productivity strategy and measurement plan 
It is imperative for management to ensure that they are leaders in driving productivity within their foundries. The 
important initial step is for the foundry management to develop a productivity strategy that is aligned to their foundry 
operation and that has a clear measurement plan. This will assist the foundry to not only to meet targets but also to 
have a clearly defined vision and mission. The productivity strategy must be a driving force in all departments of the 
foundry; the proposed framework must encourage foundry management to involve employees even at this stage. Based 
on the outcome of the questionnaire, it was noted that more than 85% of the respondents wanted management to 
involve workers in the planning and setting targets for productivity. In the proposed framework, the productivity 
strategy and measurement plan must involve both the management and the workers to ensure effectiveness and 
ownership from all parties. 
 
5.3.3 Lead productivity improvement initiatives and communicate them to all employees 
It is fundamental that management ensures that employees are aware of and educated about the importance of 
productivity. Communication is vital for the implementation of productivity improvement. According to the outcome 
of the questionnaire, more than 63% of the respondents agree that productivity levels should be communicated at all 
times, while 57% agree that foundry workers should be encouraged to lead productivity improvement plans. The 
proposed framework ensures that communication takes throughout the Plan – Do – Act – Check circle, and foundry 
workers are part of the planning of productivity improvement plans in the foundry.  
 
5.3.4 Offer productivity improvement training to employees 
Training and upskilling of the foundry workforce have to take center space in order to ensure not only the survival of 
the foundry sector but for it to remain competitive in the global arena. According to the questionnaire respondents, 
only 51% of the foundries offer training to their employees, and this is a fundamental issue that the foundry sector 
must address in order to remain productive. The proposed framework emphasizes the training of foundry workers for 
them to be able to understand the productivity improvement strategy, be able to implement it, and also to be able to 
contribute to the overall productivity of the foundry sector.  
 
5.3.5 Involve workers in the implementation of the productivity improvement plan 
The involvement of foundry workers in the implementation of the productivity improvement plan will ensure that 
implementation is not forced on them, but it is part of their daily duties. Although targets and plans are set by foundry 
management; they must be efficiently communicated to the entire organization. The outcome of the questionnaire 
revealed that more than 70% of the respondents believe that management must involve employees when setting 
productivity targets. The proposed framework ensures that both the foundry management and the workers are involved 
in the productivity improvement planning and productivity strategy setting. This will ensure the sustainability of the 
framework and cooperation amongst all the parties.  
 
5.3.6 Invest in new industry-related technologies and innovation 
Management needs to ensure that the productivity improvement framework must be revisited and updated based on 
the economic, industry, and technology changes, to ensure relevance and effectiveness. The respondents strongly 
agreed more than 50% that foundries should invest in new technologies, although this is currently not happening. 
Technology advancement will not only improve productivity but will also ensure that the foundry remains competitive. 
The proposed framework ensures that updated technology is always checked and integrated into the productivity 
improvement plans and strategy. 
 
5.4 Labour or worker-related factors 
The labor force or workers are the backbone for the success of any productivity improvement framework. Therefore, 
it is important that workers know about productivity and how it is measured and monitored in their respective 
foundries. Workers are key in ensuring that all inputs are efficiently converted into productive outputs. 
Communication and implementation must be done in order to increase productivity. All workers must know the 
different steps of the productivity framework and understand what the Plan is, what to Do When to Act and when to 
check. 
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The proposed framework addressed five key factors that the foundry management and leadership should implement. 
These are listed as follows: 
4.  
5.5 Training of workers in productivity improvement skills 
The labor force is the backbone of the success of any productivity improvement framework, and skills development 
is central to improving productivity. Based on the outcome of the study, 41% of the respondents have only matric or 
lower than matric qualification, with only 22% having some form of apprenticeship training. The proposed framework 
addresses this challenge by enforcing productivity improvement training to improve the skills and productivity of the 
foundry employees. This can be done by implementing an effective skills development system that focuses on 
technical training, technology advancement training, and industry-related skills training. This can help the Gauteng 
foundry sector to sustain productivity growth and translate that into more and better jobs. The proposed framework 
also enforces and encourages the coordination of skills development with the adoption of new technologies; this is 
done to improve the foundry sector’s global competitiveness.  
 
The proposed framework will ensure that the investment in human capital can increase the number of skilled workers. 
On the other hand, increasing new technology will require appropriately trained workers and managers in order to 
sustain local job growth and productivity. Productivity improvement can only be achieved when all affected parties 
take ownership and become leaders of the adopted strategy. This is a team effort that involves all employees in the 
foundry. The proposed framework encourages workers to be part of the focus of productivity improvement in the 
foundry. It enforces taking ownership and leadership of the product strategy and the actual implementation. Just less 
than 20% of the employees disagreed with the suggestion that foundry workers must be encouraged to lead 
productivity improvement initiatives.  
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