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Abstract. The purpose of this paper is to integrate the concept of innovation management with the Six 

Sigma methodology, focusing on the impact analysis of the quality management principles on the 

organizational innovation processes. To achieve this objective, the DMAIC methodology was used - define 

(D), measure (M), analyze (A), improve (I) and control (C). Based on this methodology by introducing 

innovation in the improvement phase of the DMAIC model, we developed the model called DMAIC - IM 

(DMAIC - Innovation Management model). A case study related to the implementation of the DMAIC-IM 

Model was carried out within a company that produces and sells products for the automotive industry. Thus, 

the performances of the processes were measured, the obtained values were compared with the ideal values 

from a statistical point of view and the methods for eliminating the variations were identified. Also, the 

critical factors of the innovation success of organizations were analyzed resulting ways to remove the 

obstacles that lead to this success. According to the research results, the application of the Six Sigma 

methodology has a positive impact on the performance of the organizational innovation processes. The 

proposed solution has a set of indicators and can help organizations to improve their system of evaluating 

the innovation processes performances. 
 

Keywords: Six Sigma, innovation processes, processes performance, performance indicators, quality 

management. 
 

Introduction 
In a global economy, when companies become increasingly dependent on knowledge, 

communication, progress efficiency, effectiveness and correct choice of products, processes and 

systems, at all levels and in all fields, innovation is, perhaps, the only way that any organization 

can surpass the competition, regardless of its size or the nature of its activity. Innovation, as a 

success factor in all sectors of an organization, implies the development of an optimal and 

systematic process that must be defined and implemented. 

Innovation is present within many organizations that focus on optimizing its internal 

processes and ultimately increasing the added value of the business (Maier et al., 2017). Integrating 

the Six Sigma methodology with quality management and innovation management, an integrated 
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approach is developed thus obtaining excellent results of the current activities (Olaru et al., 2010). 

The proposed approach can lead to new innovation opportunities that can achieve a high degree of 

productivity and a solid financial performance. 

By integrating the concept of innovation management with the Six Sigma methodology, 

emphasis is placed on quality management principles to analyze the impact of the innovation 

process on the activities within an organization. Thus, the critical factors that underlie the success 

of the organizations are analyzed and the methods of removing the obstacles that are in the way of 

this success are identified. 

The Six Sigma methodology approaches the DMAIC model (Define, Measure, Analyze, 

Improve, Control) in order to reduce the variability of the processes through a deeper orientation 

towards innovation and implicitly towards the client. Thus, the perspective of understanding the 

critical points of each offered product or service will be improved, by making decisions based on 

the available values and the circumstances envisaged. 

The results aimed by integrating the principles of quality management with the Six Sigma 

methodology are: 

• Effective focus on customer's needs and expectations - increasing customer satisfaction; 

• Increasing profit; 

• Improving the quality of products / services; 

• Increasing satisfaction among employees; 

• Reducing the operating costs; 

• Major recovery of the invested capital; 

• As a mechanism for generating change management; 

• Reducing the number of nonconforming products / services; 

• Cultivate the extraordinary taste of excellence. 

From the point of view of the approached methodology, DMAIC is an extremely rigorous 

project methodology that has the essential objective to increase the degree of capability and, at the 

same time, to reduce the defective identified in a process - optimizing the products, services or 

processes existing within an organization. 

 

Literature review 
In this paper we analyze the developed model based on the concepts of quality management, Six 

Sigma and innovation management. We consider that an integrated approach to a process is more 

effective if the organizations are forced to implement an innovation management system, if they 

want to stay in an increasingly competitive market. 

Quality management plays an important role in an organization. There are different ways 

to choose the best approach to quality management: many organizations develop their own ways 

of working and strive to satisfy their customers in the best way possible, others adopt a quality 

management system based on the requirements of the international standard ISO 9001:2015 

(Hellman et al., 2019). 

Six Sigma methodology was developed as a statistical method to reduce the variation in the 

production processes of Motorola Inc.'s electronic components. Motorola states: "Six Sigma started 

as a defect reduction effort in manufacturing and was then applied to other business processes for 

the same purpose". Today, Six Sigma is seen as a management method that is based on data and 

statistical analysis that has the duty to evaluate the efficiency of a business and to improve it. 
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Six Sigma is a systematic data-driven approach. In order to improve the existing process, 

the DMAIC methodology is used (Define, Measure, Analyze, Improve, Control) and for new 

product development the design Six Sigma method - DFSS is used (General Electric Company, 

2004). 

There are many important statistical tools and techniques that are systematically used at 

every stage of DMAIC and DFSS, in order to find the root cause of the problem and eliminate the 

problem by applying effective improvement solutions. Among  these, the following are considered 

to be more important: VOC (Voice of Customer), SIPOC Diagram (SIPOC = Supplier Input 

Process Output Customer), Statistical Process Control (SPC), Process Capability Analysis, 

Measurement System Analysis (MSA), Design of experiments (DOE), Quality Function 

Deployment (QFD), Failure mode and effects analysis (FMEA), Regression analysis, Analysis of 

variance, Root Cause Analysis, Process Mapping, etc.(Pyzdek, 2003). 

In the scientific publications, the researchers consider that DMAIC is the most important 

place for application of the new knowledge created during the review after each phase (gate 

review), during the identification of root causes and during the problem-solving activities. All this 

developed knowledge can be shared and disseminated among the participants in the Six Sigma 

project teams. 

Knowledge is a difficult concept to define. Nonaka and Takeuchi (1995) define knowledge 

as real justified beliefs. According to Pillania (2008) "Knowledge" is defined as an entire set of: 

intuition, reasoning, understanding, experiences related to technologies, products, processes, 

customers, markets, competition and so on, which allows for effective action. 

In this context, Six Sigma has the responsibility to provide clarity in business, efficient 

organization, fewer errors in executing key business processes and reducing costs in a timely 

manner. 

From the innovation point of view, we cannot talk about development within an 

organization if we do not approach this process (Olaru et al., 2013). The result of the innovation is 

a new product, service or process, a new method of marketing or organizing a business or which 

can lead to a significant improvement of what already exists (Toma, 2017). 

Innovation is considered to be a success factor in all sectors of an organization and at all 

stages of the life cycle of a product (research - development, manufacturing, distribution and after-

sales services) (SR 13572:2016 standard). It is also essential for business success to approach 

innovation as a concept of keeping up with competition through new products, services or ways of 

doing new things. (Naden, 2019) 

Concerns regarding innovation are both at European and international level (Maier & Dan, 

2018; Olaru et al., 2013; Vadastreanu et al., 2015). The International Organization for 

Standardization (ISO), through the ISO / TC279 Working Group, has developed a new set of 

standards (ISO 56000) that will help organizations maximize their innovation management 

processes and achieve the best results from new ideas. In 2019, 3 standards from this series were 

published, and the other 5 standards are under development. At European level, the Technical 

Committee CEN / TC 389 - Innovation Management has developed the series of standards CEN/TS 

16555. The first part of this series, published in 2013, is under review, and the other 6 parts have 

been confirmed until 2021. In Romania, the Technical Committee of ASRO, CT ASRO 383, 

published in 2016 the standard SR 13572:2016 - Innovation management systems. Requirements. 
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Methodology 
The main objective of the proposed model is to integrate the concepts of innovation management 

with the Six Sigma quality management methodology. 

The proposed research methodology, from a quantitative but also qualitative point of view, 

also implies a practical approach. Quantitative methods were applied for statistical calculations of 

the measurement of process performance during the implementation of Six Sigma projects and 

interpretation of data from the collected questionnaires. The qualitative methods have been applied 

for the analysis of a wide range of specialized literature, in order to propose a new model that 

integrates the Six Sigma methodology, the concepts of quality management and the innovation 

management. 

The proposed methodology is based on the DMAIC model (table no. 1), which is an 

integrated conceptual model, which implies the development as part of the Six Sigma quality 

management system and which has tasks, tools, activities, management knowledge and 

methodology of evaluation for the performance of the innovation process. 

The DMAIC cycle is a model of continuous quality improvement. As a structured approach, 

the model DMAIC (Define, Measure, Analyze, Improve, Control) (table no. 1) can provide 

solutions to a business. 

 
Table 1. DMAIC Model 

 
Phases Define Measure Analyze Improve Control 

Activities 

Defining the 

current situation 

 

Defining the 

desired 

situation 

Identifying 

potential causes 

 

Quantifying the 

problem 

 

Analysis of 

possible causes 

 

Selection of 

the initial 

causes 

Identifying 

potential solutions 

 

Selection / 

implementation of 

solutions 

Effectiveness 

control over time 

 

Implementation of 

control means 

 

Results 

Defining the 

problem 

Potential 

advantages 

The origin of the 

problem and the 

list of causes 

Quantified 

causes and 

selected initial 

causes  

Pilot solutions and 

their final 

implementation 

Control and 

monitoring process  

 Confirmed benefits  

Source: Authors’ own development base on https://www.sixsigma-institute.org/. 
 

As Six Sigma is a process optimization methodology, it is hoped that innovation 

management will become part of the process, so that the analyzed organization can have visible 

results. Innovation can be applied to both processes and products (Maier & Dan, 2018). The 

processes include managerial-organizational processes, technological processes and marketing 

processes. Ultimately, marketing processes are also managerial processes consisting of promoting 

some products on the market through different methods. 

 

Development of the DMAIC - Innovation Management model 
Within the present methodology we will refer to the managerial-organizational processes and 

especially to those aimed at the correct sizing and accountability of the human resource within an 

organization, through the perspective of improving the quality of the products. 
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Thus, by introducing innovation in the improvement phase of the DMAIC model, we 

developed the model called DMAIC - IM (DMAIC - Innovation Management model). This model 

is presented in table no. 2. 

 
Table 2. DMAIC – IM Model 

 
Phases Activities Tools and approaches used 

Phase 1 
Planning the execution of the DMAIC-IM 

phases  
Six Sigma Concept 

Phase 2 
Identification of activities for each 

DMAIC-IM phase 
ISO Checklist for Six Sigma 

Phase 3 Using the tools for each activity 
Six Sigma tools used for each phase - FMEA, PDCA, 

Kaizen 

Phase 4 
Gathering new knowledge and ideas to 

improve the process 
Ideas management, Workshop, Brainstorming 

Phase 5 Innovation management 

Development of the innovation process 

Control of the innovation project 

Modifications of the innovation project 

Phase 6 Using of acquired knowledge Running the project 

Phase 7 Evaluation of the project performance  

Evaluation of the innovation process results 

Analysis of the innovation process and its results 

The impact of the innovation process 

Estimation of the analyzed project added value in terms 

of productivity indicators 

Analysis of the efficiency and effectiveness indicators 

Conclusions regarding the impact that the project has 

on the organization 

Ensuring continuity of the innovation process 

Source: Authors’ own research. 
 

Implementation of the DMAIC - Innovation Management model 

The case study related to the implementation of the DMAIC-IM Model was carried out within a 

company that produces and sells products for the automotive industry, having a number of 200 

employees in the production process, working in 3 shifts, 8 hours / shift. Of the 8 hours of work, 

about 30 minutes are lost for shift handover activity. The major problem that led to significant 

losses for the organization was that it had big delays in the production process, these delays 

increased the amount of penalties paid by the company to the customers, due to the fact that the 

products could not be delivered on time.  

The production activities are complex, so after designing the product, it must go into 

production, to be tested and checked, packaged and in the end shipped to the customer. 

Being a model of continuous quality improvement, the DMAIC-IM model (table no. 2) can 

provide for the business a series of solutions that can help organizations to solve their problems 
simultaneously from the beginning to the end, obtaining fundamental results. 

Using the DMAIC-IM model we proceeded to define the problem. The considered process 

involves the production and verification of the finished products: activities of product realization, 

testing and verification, packaging and delivering of products. The process is synthesized presented 

in figure no. 1. 
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Figure 1. Schematic representation of the elements of a process 

  Source: Developed by the authors based on the standard SR EN ISO 9001: 2015 - Quality management systems. 

Requirements. 

 

In first three phases of the DMAIC-IM project, the current stage of the production process 

was evaluated and it was found that the operational efficiency of the production process is 

insufficient (a production of about 50 products / person / week), generating overlaps, delays in the 

production process and a large number of nonconforming products. All this means that the 

completion of the operations regarding the production will not be carried out during the optimal 

delivery time of the finished product, the delivery day being Friday at 6 PM. 

After evaluating the current state, in order to improve the production process, it is desired 

that the weekly finishing of the production activities should not exceed the day of Friday at 12 

o'clock, and in case of volume, it is expected that the production should be 90 products / person / 

week. 

Thus, by application of the tools related to the Six Sigma concept (FMEA, PDCA, Kaizen, 

Spaghetti Diagram), the analysis process was started, and the obtained results shows the possible 

causes for delays and waste: 

• The overlap for a single worker of several activities 

• Lack of optimization in the production area 

• Inefficient production flows 

• High waiting time for shift handover 

• Lack of activity planning and labor standardization. 

During the fourth phase, workshops and brainstorming sessions were held with both the top 

management staff and the production employees. All the ideas identified were evaluated and 

analyzed by the commission formed by the Production Manager, Innovation Manager, Quality 

Manager and Shift leader, taking into consideration the fundamental needs of the users, the 

marketing strategy, the degree of novelty brought, the legal factors, the technical-economic 

feasibility and the expected result. 

In the fifth phase, the innovation process was developed, controlled and modified and 

objectives were set for the implementation of the innovation in accordance with the requirements 
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of the standard SR 13572:2016 - Innovation management systems. Requirements. The objectives 

for the implementation of the innovation are presented in the table no. 3. 
 

Table 3. Objectives for project implementation 

 

Objective 
Actions for reaching the 

goal 
Responsible Deadlines Resources 

Carrying out a much severe 

planning of the activities for 

the working section 

personnel. 

At the 8th working hours, 

30 minutes will be added 

for the shift handover 

activity. 

Production Manager, 

HR Director 
2 weeks HR  

Redesign of the production 

space. 

Modifying the production 

space so that it 

corresponds to the 

operational flow 

Production Manager, 

Shift leader 
1 week 

Financial 

Resources  

Clearly define the processes 

and responsibilities of each 

worker so that there will not 

be overlapping of activities 

for one worker. 

Redefining organizational 

charts and updating job 

descriptions 

Production Manager, 

HR Director 
1 week HR  

Integration into the 

production activity of a 

software that highlights the 

production stage of each 

product 

Software acquisition and 

implementation 

Production Manager, 

IT Manager 
4 weeks 

Financial 

Resources  

Displaying in the working 

section of the work schedule 

and the responsibilities 

Display at each working 

point the responsibilities, 

work schedule and breaks 

Production Manager, 

Shift leader 
1 week 

Financial 

Resources  

Attending of the work section 

staff to periodic training 

programs. 

Establishing a periodic 

training plan 

Production Manager, 

Shift leader, HR 

Director 

1 week 
Financial 

Resources  

Decreased staff fluctuation 

Carrying out a staff 

motivation program 

according to the needs of 

each employee 

Production Manager, 

Shift leader, HR 

Director 

4 weeks 
Financial 

Resources  

Source: Developed by authors based on the requirements of standard SR 13572: 2016 - Innovation management 

systems. Requirements. 
 

In the sixth phase, using the acquired knowledge, the innovation project was launched by 

implementing actions to achieve the objectives set in the previous stage. This phase lasted 6 weeks. 

In the last phase, the results of the innovation process were evaluated, both the whole 

innovation process, the results obtained and also the impact of the innovation process on the 

organization were analyzed. 

 

Description of the analyzed indicators 

The organization must constantly develop tools and methods that lead to increased efficiency and 

effectiveness. The increase of the two indicators and implicitly of the productivity, lead to the 

development of ways to improve the business. In the specialized literature, we find numerous 

definitions of these indicators. By combining the two indicators – effectiveness and efficiency, the 

company produces faster and more quality products, with fewer resources, because an effective 
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employee performs the tasks at a high level, while an efficient employee is fast and intelligent 

(Stojcic et al., 2018). 

Thus, effectiveness represents the quality of the actions results performed by the employees, 

which means that the effectiveness of the workforce has a huge impact on the quality of the product 

or service offered by the organization (Parast, 2011). We can say that effectiveness reveals the 

degree of achievement of objectives and is measured by comparing the obtained results with the 

desired ones. 

From the point of view of efficiency, we can say that this indicator is transposed in the time 

necessary to complete the production activity. Efficient employees perform their tasks as quickly 

as possible, with the least possible resources, using certain time-saving strategies (Juhani et al., 

2016). 

Even if effectiveness and efficiency are mutually exclusive, ie an efficient employee is not 

always effective and vice versa, we can say that if the efficiency increases, the productivity 

increases also so that time and money are saved, and effectiveness ensures the quality of the final 

result, which ultimately is the organization's business card. Taken as a whole, efficiency is 

measured by reporting results to effort. 

In order to improve effectiveness, the organization must provide a detailed performance 

analysis, detailing the employee's weaknesses through constructive criticism. From the efficiency 

point of view, the improvement of this indicator implies the involvement of all the targeted 

personnel in defining the means of increasing the efficiency in the workplace. 

Because efficiency is closely linked to labor productivity, this was the next indicator 

analyzed. Labor productivity is considered the most relevant indicator used in economic analyzes, 

because it represents the ability of the labor force to create a certain volume of units (goods and 

services) over a period of time. (National Institute of Statistics, 2002). The level of labor 

productivity is measured by the quality and quantity of the goods obtained and the services 

provided in a work unit. 

The indicators defined above have the same approach in the SR EN ISO 9000: 2015 Quality 

management systems standard. Fundamental principles and vocabulary: "efficiency - the degree to 

which the planned activities are carried out and the planned results are obtained", "effectiveness - 

the relation between the obtained result and the resources used". 

 

Results and discussions 
At 6 months after the implementation of all stages of the DMAIC-IM model, the results were 

measured and analyzed. These results are presented in table no. 4. 

 
Table 4. The results obtained at six months after the implementation of the DMAIC-IM project 

 

Indicator 
Value before applying the 

DMAIC-IM model 

Value after applying the 

DMAIC-IM model 

Effectiveness 56% 89% 

Efficiency 0,06 0,09 

Work productivity 88,89 133,33 

Source: Developed by the authors based on the developed methodology.  
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After implementing the DMAIC-IM methodology, the production reached 80 products / 

person / week. From the increase of the production and from the values presented in table no.4 it 

can be observed that the methodology had the expected impact. Effectiveness increased by 33 

percent, efficiency increased by 0.03, and labor productivity rise from 88.89 to 133.33. 

Six Sigma goes beyond the classical concept of organizing companies vertically, in an 

integrated one oriented horizontally on processes. By integrating Six Sigma with the concept of 

innovation management this approach has resulted and it has a positive impact on the final product 

and implicitly on the turnover of the organization. The working method consisted in analyzing the 

current organization of the company from the production process point of view by emphasizing the 

impact that the human resource has on it.  

Thus, the study highlighted within the company structure some organizational deficiencies 

due to repetitive processes, activities that do not add value, personnel fluctuations, lack of work 

planning at different stages of the production process, lack of optimization of the production space 

and inefficient production flows. For these deficiencies, solutions have been identified to obtain a 

rational work organization, to better respond to customer demand, to increase the efficiency of the 

company, with benefits over the competitiveness in a global market. The proposed indications with 

improvements and solutions, compared with the imposed standards, demonstrate the validity of the 

implemented project that is based on the concepts of Six Sigma, innovation management and 

quality management. 

 

Conclusion 
The application of the DMAIC-IM methodology has led to the development of solutions in order 

to increase the efficiency, effectiveness and implicitly of the productivity of the organization. It is 

known that productivity growth is of particular importance for organizations. Increased labor 

productivity has a logical character, assuming the change of production flows, so that the same 

volume of work acquires the force to produce a greater quantity of goods. Within the proposed 

methodology, the factors that influence the productivity level were taken into account: the technical 

factors (in the production process  performant machnies are used), the economic factors (the quality 

of the labor force), the problem that appeared in the analysis process, the social factors (the 

responsibility of the human resource involved in the production process), the psychological factors 

(the work motivation, the labor relations climate and the analysis of the human resource needs). 

The top management of the organization considers that the implementation of this project 

has been a success and they wish to continue developing other innovation projects throughout the 

organization, based on the DMAIC-IM methodology. 
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