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Abstract 

The search for new avenues of sustainable developments is driven by globalization and the competitive economic 

environment. Any organization that wants to be profitable, gain market share, enhance brand value, and remain 

competitive must create and implement Continuous Improvement techniques that adhere to certain criteria over 

an extended period of time. In this research, an effort is aimed at demonstrating how Lean, Six Sigma and Theory 

of Constraints may work together to achieve maximum throughput, which is every industry's top priority. Further 

research is done to demonstrate the efficiency gain in performance successes of the team goals. Finally, a com-

parison of the two integrated approaches' levels of efficiency improvement is done. 

An integrated methodology employing lean and six sigma is recommended at the initial stage of the task. For 

this reason, the process improvement throughout product development of the heavy engine team objective 

achievements is taken into consideration as a case study example. In order to demonstrate the advancement of 

process improvement, performance data for the individual goals of a team are gathered and a statistical approach 

is put into use. The second stage of the project involves the proposal of an integrated methodology that combines 

lean, six sigma, and theory of constraints. To forecast the teams and the individual team members' performance 

metrics, an empirical model is developed. Through an iterative process, the weights for each team member's indi-

vidual goals are allocated and updated. Each employee's and team's grade ranks are calculated and reported using 

an iterative process. The team and the employees gain insight over how to improve their performance. Further-

more, this method to constant improvement inspires confidence in the top management.  

With the use of the Lean & Six Sigma methodology, it is inferred from the research data that the objective rate 

has improved. Moreover, it has been determined that the effectiveness of the objective achievements using the 

theory of constraints, lean manufacturing, and six sigma. Lean, Six Sigma, and the Theory of Constraints, the 

second strategy, perform better than the first way. The second integrated strategy improves both employee and 

employer knowledge of the performance metric. The second strategy boosts shareholder and employer confidence 

more effectively. Implementing this strategy thereby boosts the financial gains for the shareholder and the em-

ployee.  

Keywords: Lean Management, Six Sigma, TOC, Ranking, Weightage, Standard Deviation. 
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1. INTRODUCTION 

The recent swift in globalization of business creates a stiff competition among the competitors. Subsequently, 

organizations are constrained to hunt for new sources of sustainable developments. With these circumstances, 

increased competition, reduced cycle time between products in terms of performance and quality are the major 

concern for the success. The researcher and industry experts are obligated to volte-face about functioning of 

managing plant operations effectively and efficiently. Since, the possibility for further improvement within the 

organization is progressively decreasing; henceforth researcher and the leaders of industry are striving hard to 

improve the performance of the organization in terms of operating expenses, delivery, quality etc. This leads to 

find new alternative way of integrating business actions further on. 

 

Continuous improvements methods 

The most primitive method Continuous Improvement (CI) started in 19th century. In any organization CI is 

created and implemented with some paradigm to a continued period to gain productivity, increase market share, 

customer confidence and improve brand value and to survive in the market. CI methods create new procedure and 

alternate method to gain more efficiency in the existing model and change business operation to make profit. Old 

primitive methods like lean, kanban, total quality management (TQM), just in time(JIT), six sigma and total 

productive management (TPM) are used for predetermined improvement to make process implementation easier. 

Also, standard logical algorithms and techniques like fuzzy logic, neural networks, artificial intelligence etc. are 

aligned with old primitive methods.  

Integration of these techniques is the best approach to meet operational requirements rather than inventing a 

new procedure and techniques (Ehie and Sawhney, 2005). It is identified that implementation of Lean, Six Sigma 

and Theory of Constraints (TOC) independently or combination of these techniques will yield a better result. Lean 

principles emphasize the elimination of hidden waste from a production system in order to make it well-structured. 

Identifying the hidden waste can be categorised as waste from over production, transportation waste, waste of 

motion and processing waste, waiting time, defective products, unutilized resource and excess inventory. Working 

on this waste on a systematic process or technique with identified tools can lead to minimizing the variance. 

 

1. Lean  

The foundation of lean manufacturing initiated by Henry Ford, Fredrick Taylor and Dr. Deming in the US. In 

Japan Lean culture started by Taiichi Ohno, Shingeo Shingo, and Eliji Toyoda. Taiichi Ohno created a goal and 

mission to achieve Toyota Production System, simply in order to minimize the time consumed from the stage of 

raw material ordering to selling of final product, by removing hidden (non-value added) wastes (muda) (Taiichi 

Ohno, 1988).  
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Eight Wastes of Lean  

i. Over Production: Producing the components more than the customers demand. Without predicting the future 

demand, the components are manufactured in batch can lead to over production waste.  

ii. Waiting: The time spent on waiting to get a product or service to start. This non-value added time can be from 

inventory, people, parts or information.  

iii. Transportation: The unwanted movement of products and material, moving multiple times, additional 

movement without adding value. The improper layout of inventory yards, system and priority shifting are non-

value added transportation.  

iv. Inventory: Needless raw material and finished goods. The investment done for the customer without predicting 

the future needs. Long cycle times, long work flow process and inconsistency in flow can lead to inventory issues. 

Unaccounted warehouse and pileup of raw materials are considered as inventory.  

v. Motion: Additional movement of resource or operator that consume more time less value. Deprived workplace 

or batch order plant and unsophisticated flow can lead to excess motion and time.  

vi. Over Processing: Additional steps or process with no value to the customer. Anticipating that more work 

processing on product can give high quality product or service. This leads to waste when the customer expects 

finite cycle life on the product.  

vii. Defects: Any effort that leads to rework or even of inferior quality, effort that ends up in scrap. Bad procedure, 

low quality tools and without operation sequence in place can lead to defect product. Apparently the poor quality 

of work in the system leads to the higher defects.  

viii. Unutilized Resource: The employee, machine, software when not utilized to maximum extend can lead to 

this waste. 

 

2. Six sigma  

Six Sigma(6σ) is a sequence of procedure implemented with certain tools to improve the process. It was suggested 

by Bill Smith & Mikel J Harry in association with Motorola in the year 1986. Jack Welch implemented to his 

operation strategy at General Electric in the year 1995. (Ehie and Sawhney, 2005)  

Six Sigma improves the quality and reduces variance of the system. The output of a process can be improved 

by identifying, removing defects and suggesting alternate plans in manufacturing and business operation. 

Implement sequence of procedure on quality control procedures, empirical formula, statistical approaches and 

five stages of instructions for the resource within the system. Every six sigma project executed within a company 

should follow a sequence of procedural steps and has specific value. The aim of executing the procedure is to 

reduce operation cycle time, variance, cost, improve customer feedback and profit. 

 

Six Sigma Methodologies  

All the Six Sigma projects executed should follow two set of procedural methodologies inspired by Deming's 

“Plan-Do-Check-Act” Cycle. These methodologies consist of five stages of instructions for each modules as 

follows.  
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A. Define, Measure Analyze, Improve and Control(DMAIC)  

B. Define, Measure, Analyze, Design and Verify(DMADV)  

Table 1.1: Summary of the sigma failure scale. 

 

Six Sigma Tools  

The most commonly used tools across industries for implementing Six Sigma are tabulated in Table 1.2 

Table 1.2: Summary of the standard methods used to execute six sigma 

 

3. Theory of Constraints(TOC)  

Theory of Constraints main focus is to improve the system performance. Any independent system is framed as a 

series of interdependent process. The core analogy of the system consists of multiple chains. This group of 

interdependent process (link in a chain) working together to achieve overall goal. The constraint is a weak process 

in the chain. The performance achievement of the overall process (chain) is restricted by the capacity of the 

weakest process (link). Theory of constraints targets on the bottle necks that decelerate the production output in 

the overall system. 

 

Combined Approach of CI Methods (TOCLSS Integrated Model)  

The effective way to get maximum yield is to integrate the methodologies like TOC, Lean and Six Sigma and 

establish a new strategy. The strategic roadmap will lead to improve the plant operations and effectiveness. The 

strategic roadmap arrived in line to benefit the organization and improve the efficiency of the entire system. After 

the new plan from the Theory of Constraints, Lean and Six Sigma (TOCLSS) model, the specific tasks to the 

subsystem are implemented and this result in the improvement of the bottom line and to the end result. The 

efficiency improvements must be sustained in a long run to see the maximum benefits, return on investment and 

gain the investor confidence. 
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Comparative Study of the Methods  

A comparative study on the methods with Primary theory and fundamental philosophy on each of the methodology 

is mentioned in the Table 1.3. Detailed objectives and assumption of each methodology’s primary and secondary 

outcome are also compared (Dave Nave 2002). 

Table 1.3: Comparative illustration of the process. 

 

2. LITERATURE REVIEW 

Continuous improvements methods are concerned with the management organizational activities for improving 

the sequence of process. There is a steep increase in the implementation of the combined approach of methods for 

the process improvement by the industries. Many researchers carried out their work in the field of process 

improvement and industries to spend millions of dollars in the process improvements (Dave Nave, 2002). 

Continuous Improvements Methods 

Six Sigma is the well-known CI method for getting better quality in the business operations and it was 

introduced and implemented in leading telecom company Motorola (Ehie and Sawhney,2006). he procedures, 

processes and operations should not affect the environmental aspects like design for environment, green supply 

chain management, environmental management system and the life cycle analysis. These new proposed models 

are focused to improve the efficiency of the system and improving the environmental factors in the manufacturing 

industries (Tanwer et al. 2014, and Maasouman, 2015). New developed PSO algorithm predicts the maximum 

results as compared to other similar methods and concluded that traditional TOC approach and TS-SA approach 

methods are not feasible (Rezaie et al., 2010). The new approach of the research is the integration of ANN, RA 

and DOE for the efficient modelling reduces the housing electricity usage (Azadeh et al. 2014). The 5S 

implementation practices across different employee levels of industry and the benefits &the contributions to the 

organizations are summarized. Also, presented the systematic 5S procedure and implementation guidelines 

recommended by experts and researchers. The most influencing factors that improve 5S implementation in the 
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business are selected and analyzed in detail (Randhawa and Ahuja 2017). Chen et al. (2017) stated that Taiwan 

government created inclusive environment for the industries to execute business operations effectively. 

 

Lean Manufacturing 

The results demonstrate the evidence for improvement in system by implementing the lean and lean success which 

concludes the proposed methodology of implementing lean (Noori, 2014; Zhang and Chen, 2016). Aragon and 

Ros-Mcdonnell (2015) described a project to increase the efficiency of the food manufacturer by applying several 

lean production control methodology techniques. 

 

Six Sigma 

Arafeh (2016) implemented the Six Sigma (SS) methodology to improve the effectiveness of the English language 

for the non-native English speaking students. Parast (2011) and Mishra and Sharma (2017) developed a conceptual 

and theoretical framework for the Six Sigma projects based on the innovation and performance of the company. 

Sagnak and Kazancoglu(2016) investigated the impact and the outcome of adopting Six Sigma in the corporate 

performance measures. They also stated that there are comparatively huge volume of companies and increasing 

community of unreliable evidence pertaining to the benefits of executing Six Sigma. 

 

Theory of Constraints 

Linhares (2009) analyzed the conventional product mix problems with the help of a case study containing four 

different examples. There are some scenarios in which the optimum product mix problems include products where 

profit as well as the net outcome ratio throughput per constraint time is less. Golmohammadi (2015) and Sukalova 

and Ceniga (2015) discussed the implementation procedure of TOC approaches for the manufacturing industries 

in their job-shop in order to improve the research and development on constraint scheduling. Costas et al. (2015) 

implemented TOC in supply chain management (SCM) for the improvement of business. The bullwhip 

consequence is the verified cause for the inefficiencies in supply chain management. Badri et al. (2014) stated 

that the product mix problems are the most important problems in production line systems. They explained all 

bottlenecks that influence the product quality and quantity and they suggested a multi-criteria decision-making to 

move towards for product mix problem with interval parameters. 

Lakshmi et al. (2017) stated that Indian Ayurvedic medicine should be advertised in a better way to reach the 

people. They conducted survey with 202 sick people on their different methods of treatments for the illness. 

 

Integrated Methodology (Lean, Six Sigma and Theory of Constraints) 

Antony (2011) taken a case study and made a detailed comparative study on the quality management concepts. 

Total quality management (TQM), Six sigma and the well-known lean. He carried out is work in integrating the 

three different approach on the different organizations to improve their efficiency of the system. They also 

explained that the literature pertaining to the benefits of TQM, SS and lean is limited. 
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3. PROBLEM IDENTIFICATION 

Identification of the Problem 

Implementation of lean and six sigma strategies on an integrated basis for enhancing the efficiency level of the 

goals of the engine product development team needs to be addressed.  

Implementation of lean, six sigma and theory of constraints on an integrated basis for enhancing the efficiency 

level of the goals of the engine product development team, needs to be addressed.  

Comparative analysis of lean & six sigma and Lean, Six Sigma and Theory of Constraints (LSSTOC) needs 

to be presented in terms of the efficiency level of the goals of the engine product development team.  

 

Objectives of Research Work 

i. To demonstrate the frame work of developing integrated approach of lean, Six Sigma and theory of constraints. 

ii. To study the efficiency improvement level of the goals of the engine product development team in the manu-

facturing industry as part of productivity improvement.  

iii. To perform Kolmogorov-Smirnov Test using MINITAB software for checking Team performance  

To compare our results with different tools   

iv. To enhance performance of workers analyzing them through various parameters.  

v. To Rank the Workers as per the performance throughout the year 

4. METHODOLOGY 

The proposed integrated approach of works better than implementing lean, six-sigma and theory of constraints 

independently. This integrated approach can improve both quality and velocity of the product and process with a 

strategic plan to achieve great deal of production enhancement.  

 

Fig. 4.1: Flow chart representing lean, six sigma and theory of constraints 
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The flow chart representation of the integrated approach of Lean, Six Sigma and Theory of Constraints is shown 

in Figure 4.1 to understand the integrated approach in an easier way. It starts from the stage of goal identification, 

cascading and alignment of the goals to the Lean principle. The data collection and data processing is carried out 

through six sigma strategy. Data analysis is carried out through theory of constraints. 

Every company has a vision to be fulfilled and the employees have to create a mission to accomplish that 

vision. The director frames the goal to be achieved in line to the company vision, the next level joint director takes 

an accountability of the goal and distribute the responsibility amongst the sub teams based on their domain exper-

tise. The next hierarchy level of managers takes the sub task of goal from their respective joint directors. An 

integrated methodology of Lean, Six Sigma and Theory of Constraints for process improvement is considered for 

heavy engine during product development phase. This approach is implemented with a team of 11 members on 

their performance metrics of 16 Goals of XYZ Manufacturing Firm. Employees across the company are working 

with their leaders to craft their Goals. Goal setting process is the mandatory work of any company to ensure their 

leaders and employees identify the right goal based on their capability and resource availability. Also, they make 

sure that they deliver the targeted results.  

In the current integrated methodology of lean, six sigma and TOC, the procedural activities like goal setting 

process, data collection procedure, number of goals under consideration, team under consideration and their target 

level are done based on methodology adopted. But data collection approach is different but for similar teams, 

same set of goals and levels are considered. The post processing of the data is carried out on an iterative mode. 

The first goal is the effective production hours, i.e. the total time the employee spends on the work for a month. 

It is the top priority goal so that weightage is set to 16. The second goal is the quality metrics, i.e. measuring 

number of errors in the output. It is measured to 100 percentile and the goal is set to weightage of 13. The third 

goal is the efficiency improvements on quality enhancements, which is carried out with some standard procedures. 

It is measured in terms of percentage and weightage is assigned as 10. The fourth goal is the customer feedback 

score on different aspects, which is collected and measured in terms of percentage and the goal weightage is 

assigned as 8. The fifth goal is the paper publication in a forum by each of the employees. Each employee has to 

produce four papers yearly. Sixth goal is about the punch in and punch out timing of the employee and the work-

hour entry time accuracy is measured in terms of percentage. The paper publishing and punch in and punch out 

timing goal are set with priority weightage of 8 and 7 respectively. Goals from seventh to eleventh, are about 

documenting the working nature of the employee. Goals from seven and eleven, are assigned with the weightage 

of 6, 7, 6, 5 and 4 respectively. The twelfth goal is about the delegation of the work to the peer groups and getting 

it on time. Goals thirteenth and fourteenth tell about the knowledge acquired by employee through training. Men-

toring and training of the new engineer is the fifteenth goal and is measured in terms of percentage.  

The last goal measures the number of conference paper presentations and paper submissions in journals, which 

is also measured in terms of percentage. The goals from twelve to sixteen are the least priority goals and their 

weightages assigned are 3, 3, 2, 1.5 and 1.5 respectively. 

 

 



P. Rathore et.al. IJSRMES2022074 3(6) 18-38 (2022) 

 

IJSRMES: International Journal for Scientific Research in Modern Engineering and Science 26 

 

Table 4.1: Goal performance metrics of the team for the month of January 

 

Normality plotting  

Graphs are plotted to verify the normality of the collected data for the month of January for all the goals using 

Minitab. 12 months’ data for 11 employees on their achievement levels of 16 goals is considered in this work. 

Using statistical tool in MINITAB, i.e. Kolmogorov–Smirnov test (K–S test or KS test), the data is validated for 

normality. Data is shown only for January here. 
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Fig. 4.3 Normality probability plots of the achievement levels of team members on various goals for the month 

of January 
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Table 4.7 Mean of the goal performance metrics of the team for the entire year

 

Table 4.8 Standard deviation of the goal performance metrics of the team for the entire year 

 

5. RESULT AND DISCUSSION 

Result 

The cumulative monthly mean performance achievement level of each goal, i.e., from the month of January to 

December, is summarized in the Table 5.1. This table gives a better understanding on the performance metrics of 

the team members. From this table, it is evident that the target levels are achieved for most goals except for the 

two goals, i.e., clock time accuracy and internal project archrivals. These two goals surpass the required target 

levels by 2% and 5% respectively. The least performance is identified as 49 and 59 percent against the target level 

of 60 and 70 percent for the goals, i.e., customer feedback & Team and HR compliances, respectively. The most 

consistent goal is the effective production hours, maintaining the achievement level of 129.9 hours, against the 

required target level of 130 hours.  

 

Table 5.1 Cumulative mean of the performance metrics (for entire year based on the iterative weightage) 
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Table 5.2 Weightage values of the goals for the entire year 

 

The weightage values, for all twelve months, i.e., January to December, of all respective goals are summarized 

and presented in Table 5.2. The pictorial representation of the weightages of all the sixteen goals for all twelve 

months is shown in Fig. 5.1. From this graph, it is observed that five goals, i.e., clock time accuracy, internal 

project archival, delegation of work, mandatory training and mentoring new engineers, surpass the goal target 

levels in few months. Finally, two goals, i.e., clock time accuracy and internal project archival, resulted with 

negative weightage values. Fig. 5.3 is showing the analysis of weightages of all the sixteen goals for the starting 

month (January) and ending month (December) of the fiscal year. Weightage values of the goals for the month of 

January is based on the priority of the goals whereas for December month weightages are the results of twelfth 

iteration obtained from empirical formula. 

Table 5.3 Grading rank of the employees for the entire year 

 

Table 5.4 show the rank grading of 11 members of the team for the entire year. From this table or figure, it is 

evident that highest rank is obtained by 3rd employee whereas the lowest rank is obtained by 6th employee. 
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Table 5.4 Grading rank of the employee 

 

 In this study an attempt is made to improve our result by implementing lean, six sigma and TOC. From Table 

5.5 comparison is done among our research study and previous study (Rajini, et al., 2018).  

The efficiency comparison of the conventional approach, integrated methodologies of lean & six sigma and 

the lean, six sigma & theory of constraints, is also carried out and the results are tabulated in Table 5.5. The 

performance achievement level, of team members in an integrated approach of lean, six sigma and TOC, is better 

compared to the other two approaches. The performance improvement in lean, six sigma and TOC shows 2-10% 

with respect to the conventional approach and 0-5% with respect to the lean & Six Sigma. 

Table 5.5 Efficiency comparison of the integrated methodologies 

  

From all these derived data, an employee gets a clear understanding of the team performance achievement 

level of the goals. Thus, on every month, an employee gets motivated to perform well to reach the target level. 

With the help of dash board data, the management takes necessary steps to reduce the variance (in terms of per-

formance achievement level).  

 

Discussion  

In this study, an attempt is made to implement the integrated methodology of lean six sigma and theory of con-

straints for efficiency improvement on team goal performance metrics. Initially identification and cascading of 

goals is executed to the sub team levels based on their capability and capacity. A case study with a team of eleven 

members and sixteen goals is considered in the proposed methodology implementation. Data collection, data 

verification and data analysis is carried out through statistical approach. Mean, standard deviation and normal 
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distribution is computed to plot the bell curves with respect to each of the goals for better understanding of the 

performance achievement levels of team members. The overall rank grading is computed from the empirical 

equation derived in this work. 

From the research findings of this chapter, it is concluded that the arithmetic mean of the goals performance 

achievement levels on each of the twelve months achieved by the team members shows a positive trend towards 

the specified target level. Most of the top priority goals have been achieved to the expected target levels. It is also 

concluded that the weightage calculated from the empirical model are fluctuating based on the achievement by 

team members. The weightage from the first iteration predicts that two goals outperformed and reported negative 

values. Few of the goals, i.e., project management, mentoring new engineers and conference presentation, too out 

performed over the month. In the year end, project management and delegation of work ended with negative 

values. Still there is scope for improvement on internal document, work highlights published and customer feed-

back. These three goals reported the highest values of weightage. The most achieved goal is the effective produc-

tion hours. 

Further, it is concluded that the observation of the bell curve plot states that most of the goal turns to be better 

in the third and last quarter results. The communication of the statistical approach shows the improvement in most 

of the goals. The ten top priority goals, i.e., quality metrics, customer feedback, work published, project manage-

ment document, project management survey, internal documents, delegation of work, additional training, manda-

tory training and conference presentation, outperformed in last quarter as compared to all other quarters. The 

goals, i.e., effective production hours and efficiency Improvement, outperformed in the third quarter as compared 

to all other quarters. Team and HR compliances goal outperform in the first quarter as compared to all other 

quarters. Clock time accuracy goal outperform in the conventional methods as compared to all other quarters. For 

the goals, i.e., mentoring new engineers and internal project archival, the performance is same in all the quarters. 

6. CONCLUSION 

Summary of Findings and Conclusions  

This research work is an attempt to investigate the efficiency improvement on the performance achievement levels 

of the team goals. In this work, two integrated methodologies are developed by combining and implementing lean 

and six sigma in the first phase and lean, six sigma and theory of constraints in second phase. Commonly for both 

the methodologies, identification and cascading of goals is executed to the sub team levels based on their capa-

bility and capacity. A case study with a team of eleven members and sixteen goals is considered. Data collection, 

data verification and data analysis is carried out through statistical approach. Mean, standard deviation and normal 

distribution is computed to plot the bell curves with respect to each of the goals for better understanding of the 

performance achievement levels of team members. In addition, with respect to the integrated methodology of 

lean, six sigma and theory of constraints, the overall rank grading is computed by using the empirical equation. 

Detailed comparison, interpretation and plotting of the result were carried out. From the research findings of the 

integrated methodology of lean and six sigma, it is concluded that for effective production hours the lowest mean 
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happens to be in the December and highest mean on the April. The performance achievement on production hours 

is closer to the mean in May. The second important goal quality metrics records very low in February and July 

and closer to the mean in September and in overall the goal is lower than the required target. In rest of the months 

it falls between the range of the target level and lower limit. Similar pattern is observed on the efficiency improve-

ment goal as that of the quality metrics. The feedback from the customer occurs at wide range with February 

recording the lowest and September records the highest. Rest of the goals observed in the similar range of values. 

Internal project archival goal surpasses the mean target in most of the months. But still there is lot of scope for 

improvement and most of the mean achieved by the team is not par to expected target levels. 

Finally, it is concluded that the combination of lean, six sigma and theory of constraints outperforms the com-

bination of lean and six sigma and gives better yield for thirteen goals. Furthermore, implementation of lean, six 

sigma and Theory of constraints together gives better understanding on the grading rank of the employees. 

 

Future scope of the work  

This research work is investigated and implemented with certain assumptions. In the present innovative and com-

petitive business environment, this research can be further extended with diverse criteria as outlined here.  

a) The methodology can be extended by considering the cost parameters.  

b) The methodology can be applied to any process, service industry, discrete manufacturing Industry and also in 

the upcoming field like IoT/Industry 4.0 etc  

c) The methodology can be further extended to all the teams across the enterprise with multi factor parameters to 

get the overall benefit 
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