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Abstract 

 Small and Medium Enterprises (SMEs) are the foundation of every major 

economy in the world. The majority of these industries are fighting for survival in a 

hostile climate. In the SMEs sector, the Lean models have been implemented with an 

emphasis on economic efficiency. The various Lean Models are used in SMEs as well 

as in large Industries. The Lean Models are considered for the improvement of 

company performance which includes production, productivity, inventory, raw 

material, quality, and customer satisfaction. therefore, in this research work which 

lean models are being implemented in SMEs of Sindh were investigated. The survey 

questionnaires were distributed amongst 70 SMEs of  Sindh based on Six Sigma, 5S, 

Green Manufacturing, Kaizen, Poka Yoke, TPM, TQM, SCM, Standardize of Work 

lean models. The results conclude that 5's and Standardize of work are mostly 

implemented at about 87.5% & 72.9% as compared to the other models. whereas 

PokaYoke Model and Total Product Management Model are considered as least 

implemented the model in SMEs with 18.6% and 10%. Moreover, in terms of 

location, Hyderabad seems highly impacted region in Lean Model Implementation. 

Keywords: Manufacturing efficiency, Lean manufacturing models, Small and 

medium enterprises, Six Sigma, Poka Yoke, Total Productive Maintenance.   

I.  Introduction  

SMEs focus on acquiring a high sales turnover with strategies that strongly 

emphasize increasing market share or entering new markets with current products. 

Small enterprises are constrained by capital, labour and limited resources to improve 

their technology. With a rapidly changing environment and successes, it is necessary 

to create certain "tools" for small enterprises with a limited budget. These tools 

should be implemented quickly and, most importantly, they should have a significant 

impact on the company at the time of implementation. There are more than a hundred 

common tools available and there is no way to systematically undermine the 

production organization for its problems and possible tools to address these problems 
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(Mathur et al., 2014). Bhasin and Burcher (2006) suggested that the company should 

implement all or most of the lean practices to succeed in the implementation of Lean. 

At the same time, the reviews show that SMEs cannot simultaneously implement all 

methods (Gunasekaran et al., 2000, Rose et al., 2011). 

 Their dynamics can be quite complex due to their heterogeneity and multi-

scale phenomena. Supply chains make use of resources by manufacturing items in 

plants, transporting components from factories to warehouses, and delivering finished 

products to clients. Different policies can be created to regulate production rates and 

inventory supplies, including the monitoring of safety stocks and other factors, as 

well as for push-pull systems (Annells, 1996),(Gupta & Sharma, 2016),(Jadhav et al., 

2015), (Johnson & Waterfield, 2004). Lean manufacturing minimizes manufacturing 

costs, increases a company's market competitiveness, and increases profitability. Due 

to the efficient and continuous improvement of daily work, Lean Manufacturing is 

excellent manufacturing practice. Within the organization, all of the waste reduction 

processes contribute to overall production maintenance (TPM) and total quality 

management (TQM) and "just in time" (JIT). On the other hand, these key talks 

include marketing, new product development (NPD) and partnerships with suppliers 

and customers. If lean thinking applies to all processes that produce a value between 

and inside the company and its providers, the authors provide the moniker of "Lean 

company"(Shah & Ward, 2007). 

The problems in the implementation in Lean Enterprise are created by the 

long-time employees strongly resisting change, management focusing on point 

solutions instead of systems, lacking true worker participation and involvement, 

production schedules that are overriding improvement efforts, failure of those who 

understand more to help others to learn, lacking integration among change efforts and 

operations, failure to continue with improvement efforts over the long-term, lacking 

top management support, lacking shared operating data, lacking worker and 

management trust, confusing Lean objectives, implementing Lean as a program and 

relying too much on Kaizen workshops. 

II.  Literature Review 

Abdullah using Lean models (TQM) Total Quality Management, Supply 

Chain Management (SCM) and Standardize of Work in 2019 for Quality, Waste 

reduction, visualization, issue resolution, team concept, continuous development, and 

daily management. Many concerns were detected in the result form questionnaire, 

with all of the findings like better productivity, lead time & profit was achieved due 

to applied lean models like 5' and Total Quality Management (TQM) (Sarfraz et al., 

2018). Ferzad Behrouzi generated Fuzzy Method in 2013 which presents the lean 

approach fuzzy model as flexible, dynamic and easy to use and enhances the 

performances (Behrouzi, 2013). In 2019 Sawhney et al. studied Management focus 

on a point, Kaizen and Poka-Yoke for finding Poor Production schedules, Lack of top 

management, Brand Values and Market positions, Value stream maps(VSM) and 

Behavior-Based Lean Models (BBL). The model a stepping-stone for future work and     

is  both  a  result  of  our  research  into  research suggested at the end of the workings 

of the human element (Tortorella et al., 2020). 
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Bellisario et al. explored the Performance Management framework, lean 

manufacturing organizations (LMOs), Just in Time (JIT)  models in 2018 to find out 

target setting, performance evaluation, reward system, vision and mission. The results 

also confirm the bias towards operational-level issues but suggest that LMOs may 

integrate the operational and the strategic levels by using PM practices that drive 

organizational learning through employee involvement and engagement (Bellisario & 

Pavlov, 2018). Parera et al. conducted SME in-depth interviews using the technique 

of supply chain management (SCM)  in 2017 to find out more about top management 

support, financial capability, lack of employee’s skill and expertise and 

organizational culture by using Lean Six Sigma(LSS). Accordingly, a guideline was 

developed that can be adapted to address the aforementioned barriers and reduce their 

costs by adopting lean principles(Moradlou& Perera, 2017). In 2017 Dhr. B.A. 

Lameijer explored Lean Six Sigma (LSS) methods in SMEs to search out 

management support, employee performance, clarity of project goals. Findings and 

recommendations on implementing LSS projects and implementing LSS as a strategic 

organizational change initiative at the organizational level are discussed(Lameijer, 

2017). Khalil A. El-Namrouty et al implemented Wastes Relations Matrix (WRM) for 

SMEs in 2017 in which waste elimination, reducing the production cost, enhancing 

the workforce are discussed. The main findings are that lean effects positively on 

reducing the production cost for the manufacturing business in Gaza strip 

manufacturing (wastes elimination)(Elnamrouty& Abushaaban, 2013). 

Overall Equipment Effectiveness (OEE) and Green manufacturing(GM) 

calculation methods are discussed by Hüseyin Çenkayas in 2019. He studied the 

regulatory framework and efficiency of resources safety and security for SMEs. The 

calculation of the test results of OEE is 93.1%. It is fairly high according to 

international production standards. The focus should be on increasing the 

performance of machines and equipment used in the operation Kaizen and lean 

manufacturing were studied by Dragoslav Slović in2017 to find out time 

management, more attention to materials, mass production for SMEs. Industrial 

engineers are given more responsibilities, with the emphasis shifting away from 

initiating changes and toward coaching and encouraging others to suggest 

improvements. The purpose of this research is to examine the new role of the Work-

Study and how it might be used to increase the efficiency of the Serbian economy 

(Tomašević et al., 2020). Muhammad Arif Marhani et al. deployed 5S Lean 

Construction technology in 2018 to help SMEs minimize construction waste, 

inventories, and costs. The insights revealed in this research may be critical for the 

development of a future LC tool framework capable of ecologically sustainable waste 

management in buildings. The framework may assist the contractor in enhancing 

project performance toward a greener environment(Marhani et al., 2018). Yadrifil et 

al calculated Waste Relationship Matrix (WRM), Waste Assessment (WAQ) and 

Value Stream Mapping (VSM) to find gain profit, able to deliver products for SMEs 

in 2017. His work results in improving changes in the movement of workers, and 

Line Balancing in the assembly trimming process produces some efficiency,  the 

improvements made to eliminate wasted motion (Al-Atiyat et al., 2021). 

Lean & Green, Manufacturing was discussed by Rodrigo Salvador et al in 

2018 in which production activities increase , reduction of costs and defects were 
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discussed. It is worth noting that by adopting and implementing Lean and Green 

production practices together, many areas of the organization might benefit and be 

impacted; these impacts may occur concurrently or sequentially (Salvador et al., 

2017). William Wehler Knudtzon studied Lean manufacturing and operational 

performance in 2018 to explore the factors like Improve operational performance, 

production processes digital technologies for SMEs. According to research findings, 

Norway's current degree of Lean production and operational performance adaptability 

is above average. Additionally, the results indicate that both Lean manufacturing 

technologies have a positive link with operational performance (Knudtzon, 2018). 

Manish Vijaya et al discussed the Karakuri kaizen method in 2020 and explored 

Industrial management, robotics, tomato assembly, and manufacturing flow are all 

areas of expertise. According to the Karakuri study, Karakuri is an innovative way for 

automating a procedure. Not only are the mechanisms used in industries, but they also 

power children's toys (Soni, 2020). Ivica Vezaa et al in 2019, have gone through the 

Triple helix model in their research for improving education, design, manufacturing, 

business realities, and professional skills. This article introduces the concept of Triple 

Helix and connects it to the concept of Learning Factory. The learning factory may 

serve as a hub for meeting the needs and expectations of academia, industry, and 

government, as well as for joint efforts. The triple helix model incorporates the 

concept as a means of resolving a missing connection (Pagliosa et al., 2020). 

Stephen Edward Laskowski studied Single Minute Exchange of Die (SMED) 

and Economic Order Quantities (EOQ) in 2017 to see Production lines and machines 

performance, assembly operations going in SMEs. By combining and reporting 

production data, this technology enabled the department to significantly boost 

individual machine performance(Laskowski, 2017). Walter et al studied Lean 

Production and sustainable operation (LPSO) at SMEs in 2018 and highlighted 

Decide, Detect, Deliver, Assess describing the common issues. The findings suggest 

the evolution of production system and government requirements that has led 

companies to develop strategies to achieve more sustainable operations (Iranmanesh 

et al., 2019). Umeh Nichodas et.al studied stock procurement supply chain 

management (SCM) to find out Supply Demand, inventory and performance of 

procurement departments for SMEs. The main aim of this research study was on 

implementation of applicable learn tools in rolling stock procurement supply chain 

management (SCM) (Journal et al., 2013). Sara tolf et. al explored Lean agile 

management methods in 2017 for build quality in, deliver fast. create knowledge, 

eliminate waste. To achieve efficiency, cost control, and flexibility (agileness), a 

hybrid of learning and agile management practices were developed (agile) (Tolf, 

2017).). Toying haunt. et al. investigated the Lean 4.0 technique to find the growing 

Internet trend of additive or three-dimensional manufacturing, simulation. The 

industrial sector is currently experiencing the emergence of a new paradigm dubbed 

industry 4.0” (Larsson & Wollin, 2020). 

The purpose of this research is to build a lean practicable model for small and 

medium-sized firms in Sindh. Additionally, to forge a common road between lean 

production, knowledge management, and change management, by integrating their 

instruments and filling the first's empty holes with the latter's tactics. The present 
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state of lean practice in small and medium-sized businesses is addressed in this 

article.  

III.  Methods & Materials 

The details study was carried out through the literature review for the 

identification of Lean practice models used in SMEs. The survey questionnaire was 

designed and distributed to SMEs of Sindh Province. There were 70 SMEs selected 

for the adoption of lean models. The questionnaires were distributed and data was 

collected from their officials. The data was then analyzed through Statistical Package 

for the Social Sciences (SPSS) software to see which tool is being implemented 

/adopted by the industries. Fig. 1 shows the data collection procedure from selected 

SMEs. 

 

 

 

 

 

 

 

 

 

 

Fig. 1.   Flowchart of Data Collection 

Data Collection 

The data was collected from 70 SMEs around Sindh, Pakistan. The cities  

Sukkur, Khairpur Mirs, Hyderabad, Kotri /Jamshoro and  Karachi were selected for 

data collection from SMEs. Data collection technique used was snowball sampling 

and convenience sampling to collect data  from SMEs  

Data Analysis 

The data were analyzed using SPSS statistics 22 software. The analysis of the 

data was divided into two parts of Descriptive statistics and Cross-tabular analysis. 

To effectively determine the outcome of the data and statistical analysis. Where 

descriptive statistics deals with mainly the frequency of existence of the subject or 

variable and cross-tabular comparison is the comparison between the location of the 

SMEs and the implemented LEAN models. Similarly, with the nature of SMEs and 

implementing lean models and an average number of employees with the 

implementation of LEAN models. 
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IV.  Results and Discussions 

Descriptive Statistical Analysis 

The pre-survey questioner is based on  SME name, year of establishment of 

SME, SME Registered in, Total number of employees, Nature of SME, SME 

location, Implementation lean models. 

i. Number of Employees: the results of the number of employees associated with 

SMEs are given in Table 1. The number of employees in different SMEs ranges from  

10 to 175. 

Table 1: Number of employees in SMEs 

 

ii.   Year of Establishment 

Time interval: The frequency of SMEs took the start with the perspective of their 

year is given in Table 2. The data of SMEs is in between 1969 to 2017 and total 

SMEs under observation were 70 in number. 
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Table 2: Years of Establishement of SMEs 

 

iii.   Registered SMEs 

The list of registered SMEs is illustrated in Table 3, about 92.9% of the SMEs from a 

total of 70 SMEs were found registered with SMEDA and the rest of SMEs had all 

completed documents and had applied for registration with SMEDA. 

Table 3: SMEs registered with SMEDA 

 

iv.  Nature of SMEs: 

All the SMEs analyzed in the research were also categorized based on their 

nature as, 

1. Manufacturing 

2. Service and 

3. process 
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The nature of SMEs are described below in Table 4 to Table 6 in the table of 

frequencies. Among the SMEs, 20% were found in the manufacturing, 87.1% were 

service providers and 14.3% were found like processes.  

Table 4: Manufacturing SMEs 

 

Table 5: Service SMEs 

 

Table 6: Process SMEs 

 

v.  Location of SMEs: 

The research was conducted on the major SMEs discussed in the 

methodology of the research. The SMEs were also distinguished based on location. 

The statistical description for that is SMEs within 5 cities were analyzed where the 

most number of SMEs were in HYDERABAD with 32.9% followed by SUKKUR 

and KOTRI with 21.4% and KARACHI consisted of 18.6% and least number of 

SMEs were KHAIRPUR. 
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Table 7: Location of SMEs 

 

IMPLEMENTING LEAN MODELS 
 

Lean Six Sigma 

Lean six sigma was implemented in 48.6% of the total study objects from 70. 

And it was found not implemented in the rest of 51.4% of SMEs. 

Table 8: Lean Six Sigma Model Implementation 

 

Workplace Origin (5’s) 

Workplace Origin (5’s) was implemented in 72.9% of the total study objects. And it 

was found not implemented in the rest of 27.1% of SMEs. 

Table 9:Workplace Origin (5’s) 

 

 



 

 

 

 

J. Mech. Cont. & Math. Sci., Vol.-16, No.-7, July (2021)  pp 158-173 

M. K. Abbasi et al 

 

 

167 

 

Green Manufacturing 

Green Manufacturing was implemented in 47.1% of the total SMEs studied. And it 

was found not implemented in the rest of 52.9% of SMEs. 

Table 10: Green Manufacturing Model implementation 

 

Kaizen (Continuous Improvement) 

Kaizen (Continuous Improvement)was implemented in 30% of the total SMEs 

studied. And it was found not implemented in the rest of 70% of SMEs. 

Table 11: Kaizen (Continuous Improvement) model 

 

Poka-Yoke (Mistake Proofing) 

Poka-Yoke (Mistake Proofing) was implemented in 18.6% of the total SMEs studied. 

And it was found not implemented in the rest of 81.4% of SMEs. 

Table 12: Poka-Yoke (Mistake Proofing) implementation 

 

Total Product Management 

Total Product Management was found implemented in 10% of the total SMEs 

studied. And it was found not implemented in the rest of 90% of SMEs. 
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Table 13: Total Product Management model implementation 

 

Total Quality Management 
 

Total Quality Management was found implemented in 24.3% of the total SMEs 

studied. And it was found not implemented in the rest of 75.7% of SMEs. 

Table 14: Total Quality Management implementation 

 

Supply Chain Management 

The Supply Chain Management model was found implemented in 24.3% of the total 

SMEs studied. And it was found not implemented in the rest of 75.7% of SMEs. 

Table 15: Supply chain model implementation 

 

Standardize of Work 

Standardize of work model was found implemented in 85.7% of the total SMEs 

studied. And it was found not implemented in the rest of 14.3% of SMEs. 

Table 16: Standardize of work model 
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Cross-tabular analysis 

To effectively determine the outcome of the data and statistical analysis. Where 

descriptive statistics deals with mainly the frequency of existence of the subject or 

variable and cross-tabular comparison is the comparison between the location of the 

SMEs and the implemented LEAN models. Similarly, with the nature of SMEs and 

implementing lean models and an average number of employees with the 

implementation of LEAN models and these relations are depicted in the terms of 

graphs and tables. In analysis, only prominent models as per descriptive analysis will 

be put in cross tabular analysis. The analysis results are given below. 

Least used models: 

POKA YAKE and TQM model vs Location: The result is depicted in the form of a 

bar chart. The least number of the implemented can be seen in the bar charts at major 

locations. 

 

Fig. 2. Least used models vs location 

Most used models 

Standardize of Work model and workplace origin (5’s) : Almost an average of 80% 

of the SMEs implemented these models and can be seen in the bar charts about all the 

major locations of Hyderabad, Karachi, Sukkur, Kotri and Khairpur.   

 

Fig.3. Most used models vs location 
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V. Conclusion 

In conclusion, it is to be declared that, while doing descriptive analysis it was 

found that, An average of 70 workers were working in the SMEs and these SMEs 

under study were mostly located in Hyderabad Kotri and Sukkur, and almost 93% of 

the SMEs are registered with SMEDA. Almost 87 percent of the SMEs were found as 

service providers and the most implemented LEAN model was Standardize of Work 

Model with the implementation of almost 85.7% which is followed by Workplace 

origin(5's) with 72.9% and PokaYake Model and Total Product Management. The 

models are considered as the least implemented model in SMEs with 18.6% and 10% 

of total implementation. The rest of the implemented models as described above are 

considered as the middle range implemented models. 
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