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Abstract - The objective of this research paper is to assess and demonstrate the integration of the Six Sigma-Define-Measure-

Analyze-Improve-Control (DMAIC) methodology and the European Fundamental Quality Management (EFQM) technique for 

continuous course quality improvement in one of the courses at a Higher Educational Institution (HEI). The researchers used 

participatory action research methodology to improve the teaching-learning process and course delivery to students in a 
Mechanical Engineering course at a higher education institution. Six Sigma could enhance course quality by lowering failure 

rates and focusing on continuous improvement; European Fundamental Quality Management could provide timely feedback. 

There have been few studies that integrate Six Sigma and the European Fundamental Quality Management model for Continuous 

Improvement of the teaching-learning process. 

Keywords - Continuous quality improvement, DMAIC, EFQM, Higher education, Six Sigma. 

1. Introduction 
The overall development of a nation depends on the 

quality of human resources in the country. Higher education 

sectors like engineering colleges have a significant role in 

improving the quality of human resources. Hence, the quality 

of engineering graduates is very important in higher 

education. The higher education system in India is composed 

of public, private, and mixed. Presently, the technical 

educational sectors face severe competition impacted by the 

fastest growth rate in educational institutions. Because of 

global economic, social, technological, and political changes, 

Higher Education Institutions (HEIs) are under tremendous 

strain these days [1].  

Competition in HEIs is compelling the institutions to try 

hard for students and funds to ensure their sustainability [2]. 

These service sectors face significant problems like 

unemployability of graduates, poor academic performance, 

and results [3]. However, Universities are showing interest in 

Six Sigma and working systematically to improve business 

processes and the services delivered to students, industry 

partners, faculty, and researchers [4]. 

Six Sigma, which Motorola developed in the early 1980s, 

is an efficient and precise application of tried-and-true quality 

tools and techniques [5]. Like industries, customer 
dissatisfaction can be considered a defect in the service sector 

[6]. Six Sigma is a strategy for locating and eliminating the 

causes of such defects or failures in processes by focusing on 

critical final outputs to end users. Adapting Six Sigma 

approaches from the industrial sector to academic activities 

can improve quality in the educational services sector. 

This research aims to apply Six Sigma approaches to 
mechanical engineering courses at a higher education institute 

in order to reduce failure rates and improve course quality. 

Numerous studies [1, 2, 4] have been published on using lean 

approaches in conjunction with Six Sigma in higher education 

institutions. Some papers also report integrating various 

quality management systems with Six Sigma [7].  

Six Sigma for continuous improvement of a specific 

course is rarely studied. The integration of the European 

Fundamental Quality Management (EFQM) technique for 

constant improvement is a novel approach to academic quality 

improvement in a specific division of higher education. It 

collects timely feedback to correct defects or failures in the 
teaching-learning process in HEI. 

1.1. Six Sigma in HEIs 

To address quality challenges, educational institutions 

use a variety of strategies that have proven successful in 

industries [8]. Six Sigma is the most effective strategy in the 

educational services sector for improving students’ academic 
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performance and employability [1]. To sustain high academic 

quality, higher education institutions should consider Six 

Sigma as a practical approach [7]. Also, for solving learning 

problems that students encounter during their studies, HEIs 

can incorporate the Six Sigma-Define-Measure-Analyze-

Improve-Control (DMAIC) methodology in the teaching-
learning process. The Six Sigma DMAIC tool can directly 

improve student performance in a subject [9].  

Six Sigma methodologies can be used to develop 

curriculum, course plans, and teaching methods in order to 

foster a quality culture in institutions [10]. To create a Six 

Sigma culture in institutions, employees must be trained in Six 

Sigma tools [3], and students must also participate in Six 

Sigma and other initiatives [11]. However, institutions 

struggle to attract high-quality students due to the increased 

number of engineering colleges [12]. Based on global 

experiences, a creative tool such as Six Sigma is the best 

option for any HEI seeking to enhance service quality [11].  

Managerial commitment, proper Six Sigma training, and 

employee resistance are essential factors affecting Six Sigma 

implementation in higher education institutions [13]. To 

ensure quality, HEIs must also address industrial quality 

indices in their service products, such as fitness for purpose, 

perfection, and value for money [14].  

1.2. EFQM and Continuous Improvement 

Continuous improvement systems aim to provide the best 

education possible to every student in the higher education 

system [15]. The EFQM model is a framework for the 

European Quality Award, and the model is a method of 
achieving excellence in the performance of an organization. 

The model can be applied to every section within an 

organization, irrespective of field, magnitude, or age [16].  

This paper uses one of the EFQM guidelines to assess 

customer satisfaction. Several organizations worldwide have 

successfully implemented Six Sigma DMAIC to ensure 

customer focus and continuous improvement of operations 

[17]. The authors used the Six Sigma-Define-Measure-

Analyze-Improve-Control (DMAIC) methodology and the 

European Fundamental Quality Management (EFQM) 

technique in this paper to continuously improve the teaching-

learning process in a specific branch of a technical education 
system. Also, they analyzed the problems encountered during 

the application. 

Stakeholders play vital roles in all Six Sigma initiatives 

[18]. Students, teachers, parents, and the government are 

among the most critical stakeholders in the University. They 

may also be considered university customers. In higher 

education quality management, student feedback is vital [16]. 

Six Sigma should be integrated with university strategies and 

top management commitment to continuous improvement in 

higher education institutions [19].  

Customer satisfaction is essential in implementing Six 

Sigma in any service sector [5]. To achieve customer 

satisfaction, identifying customers and their expectations is a 

fundamental requirement [20]. Improving the efficiency of 

service delivery and reducing waste can impact student 

satisfaction [21]. The continuous assessment technique can 
also serve as a means of communication between students and 

lecturers [22]. 

2. Method 
The researchers carried out extensive research based on 

the indexed databases with subtitles, abstract, and keyword 

searches for Six Sigma, higher education, Lean, DMAIC, 

various quality management systems like Total Quality 
Management, ISO 9000, accreditation systems in India, Six 

Sigma DMAIC methodology, EFQM, statistical quality 

management, and control tools.  

The researchers studied papers from 2010 to 2019. The 

articles and textbooks available in this area were also 

extensively searched and reviewed. The authors reviewed the 

history and development of technical education in India and 

the employability of graduates from the present technical 

education system. The study was conducted at one of the 

institutions under a technological University in southern India. 

Established in 2015, the University is emerging as a leading 
player in India’s technical education sector. The authors used 

the DMAIC methodology to reduce the defect rate, and the 

EFQM survey was applied to improve the satisfaction of 

significant stakeholders.  

This study guides instructors in reducing the defect rate 

in students’ academic performances. The objective is to 

enhance the quality of teaching by continuous improvement in 

instructional activities. In an ongoing improvement strategy, 

it is necessary to collect course reflection and feedback from 

primary customers of HEIs. The paper tries to demonstrate the 

research question as shown below. 

RQ: How can HEIs integrate the Six Sigma DMAIC 

methodology and EFQM model for continuous improvement 

of courses? 

2.1. Continuous Course Improvement in Higher Education 
The researchers applied a participatory action research 

approach to demonstrate the method of applying LSS for 

continuous course improvement in HEIs. The object of this 

research was to continuously improve the quality of teaching 
by reducing failures in the delivery of courses.  

The subject of study is a Teaching-Learning Process 

(TLP) under a reputed University in India. The action research 

setting includes a specific subject from a mechanical course at 

an engineering college. The authors applied the Continuous 

Improvement (CI) philosophy to this course during the six-

month term of study.  
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Table 1. Evaluation and feedback points 

Course Module 
Evaluation  and 

Feedback Point 

1  

2  

First Internal 

Examination 
Feedback 1st  Mid-Term 

3  

4  

Second   Internal 

Examination 
Feedback 2nd Mid-Term 

5  

6  

Feedback Final 

Final Examination 

Course Completion 

 

This study proposed conducting two evaluations at the 

end of the first and second internal examinations for 

continuous course improvement. The proposed evaluation and 

feedback points are depicted in Table 1. 

The syllabus of the course selected for improvement 
contains six modules. In this proposed system, the teaching-

learning process of the course was divided into three phases. 

The first feedback of the course was taken after the completion 

of the first two modules out of six and the corresponding 

internal examination.  

The second feedback was collected after completing 

modules 3 and 4 and the related internal examination. In 

addition, final feedback was collected at the end of the course 

period. In this system, the second half of the course was 

redesigned based on the feedback from the first evaluation.  

Additional inputs for the final examination must be given 

to students based on feedback from the second internal 
examination to ensure continuous improvement. Figure 1 

depicts a high-level process map for the existing teaching and 

learning system in Indian technical institutions. The proposed 

high-level process map for the teaching-learning process in 

technical institutions is depicted in Figure 2.    

3. Six Sigma DMAIC Implementation 
The authors applied Six Sigma DMAIC to one of the 

courses in the pre-final year of study. The project selected was 

the continuous improvement of student’s academic 

performance in the course with code ‘ME 303 Machine Tools 

and Digital Manufacturing (MTDM)’.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 High-level process map-TLP-existing system [10] 

The chosen course was a little challenging to learn, 

frequently resulting in students’ failures in the end-semester 

examination. As a result, improving the teaching and learning 

process was critical for this course.  

In this research, the implementation of Six Sigma 
DMAIC was concentrated primarily on the first phase of the 

teaching-learning process. The authors applied the statistical 

tools, project charter, and SIPOC diagram in the define phase.  
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Fig. 2 High-level process map-TLP-proposed 

The defect rate after the first internal examination was 

measured in the measure phase. The Defects Per Million 

Opportunities (DPMO)-Six Sigma table [18] was applied to 
calculate the process’s capability.  Bar charts and cause-effect 

diagrams were applied in the analysis phase to identify the root 

causes of the problems. Through brainstorming sessions 

among the project team, improvement plans were developed 

in the improvement phase.  

The statistical tool, Failure Mode and Effects Analysis 

(FMEA) was applied to identify the root cause of problems. 

The ‘control plan’ was used in the control phase to maintain 

the sustainability of improvements. Understanding the 

customer needs associated with each process is critical for 

determining the Critical-to-Satisfaction (CTS) characteristics 

[23].  

To identify CTS characteristics as part of implementing 
Six Sigma DMAIC, a survey feedback form based on the 

European Fundamental Quality Management (EFQM) model 

was designed. The EFQM feedback form is a quality model 

designed to improve quality in European universities. The 

EFQM-based form was distributed to students to assess 

stakeholder satisfaction in teaching-learning.   

 The learning process was measured and analyzed under 

three categories, ‘resources,’ ‘course content,’ and ‘course 

delivery’. The teaching process was measured and analyzed in 

two categories: ‘Faculty’ and ‘Evaluation and Feedback 

System.’ Each section contained some statements to deepen 

the quality concern. Each statement had two different 
dimensions, such as agreement and importance.  

Under the EFQM assessment, the students are directed to 

rank their agreement with the statement. They are also directed 

to state the level of importance of that statement from their 

perspective [16]. A four-point Likert scale was applied to both 

dimensions for making specific responses. The ‘important’ 

dimension measures students’ responses regarding how 

important the statement is in their point of view. The 

‘agreement’ statement depicts the extent to which the 

statement is true at the particular institution. The gap between 

importance and agreement indicated the degree of satisfaction 
level of stakeholders. 

3.1. The Define Phase 

The define phase was applied to explore the existing 

system of the teaching-learning process. The statistical tools, 

the SIPOC diagram, and the Project Charter were used to 

define the problem. The SIPOC table presents elements of the 

process improvement project, such as the suppliers, process 

inputs, and customers [23]. The SIPOC diagram also depicts 

an overview of the complete functions of the process taken for 

improvement [5]. 

The faculty handling the course was considered the 

supplier of the SIPOC analysis table. The Teaching-Learning 
Process (TLP) in the subject MTDM involves completing a 

syllabus containing six modules. The process outputs were 

identified as attendance percentage and marks on internal 

examinations and assignments. The course’s students were 

considered the customers of the teaching-learning process. 

Figure 3 shows the SIPOC diagram. 

Table 2 shows the statistics tool project charter. The 

project charter outlines the scope and objective of Six Sigma 

implementation.  
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Suppliers Inputs (X) Process Outputs (Y) Customers 

Faculty Handling 

the Course, 

MTDM 

Attendance 

Register in the 

Course Diary 

Teaching and 

Course Notes 

Internal 

Examinations 

Assignment 
Questions 

Attending the 

Classes 

Attendance 

Percentage 

Students 

Attending the 

Course, TDM 

TLP on Module 1 
Marks on Internal 

Test 1: CO1 

TLP on Module 2 
Marks on Internal 

Test 1: CO2 

TLP on Module 3 
Marks on Internal 

Test 2: CO3 

TLP on Module 4 
Marks on Internal 

Test 2: CO4 

TLP on Module 5 
Marks on Internal 

Test 1: CO5 

TLP on Module 6 
Marks on Internal 

Test 2: CO6 
Fig. 3 SIPOC diagram 

The selected project aims to improve students’ academic 

performance on the topic of MTDM. This course’s defect rate 

has been extremely high for the past two years. As a result, the 

institute performed poorly. This Six Sigma project aims to 

improve academic performance by achieving a 100% pass 
rate. 

3.2. Measure Phase 
The Measure phase is the second stage of Six Sigma 

DMAIC. The current state of the teaching-learning process for 

the topic MTDM was assessed at the evaluation and feedback 

stage following the first internal examination. The 

performance of the initial internal examination was evaluated 

by measuring the process’s capabilities. The eight students 

who failed in the first phase were chosen as defects.  These 

defects are to be corrected to achieve zero defects in the 

teaching-learning process in the MTDM course. They were 
chosen and treated for improvement and further analysis using 

the Six Sigma DMAIC method.     

Table 3 displays the process capability calculations from 

the first phase of internal examinations. In this study, a 

‘defect’ in higher education is defined as a student who fails 

to satisfy the college’s minimum credit level for a pass. During 

the first internal examinations, eight students fell out of 62. 

The Defects per Million Opportunities (DPMO) was 

calculated based on the number of defects. The use of DPMO-

Process capability tables calculated the process capability. 

The processing capability was measured at a sigma level of 
2.625 after the first internal examination. The root causes of 

defects and the degree of satisfaction of students were 

estimated by conducting a satisfaction survey based on the 

EFQM model. 

 3.3. The Analyze Phase 
The Analyze phase assesses the potential improvement 

strategies based on the data collected in previous phases [23]. 

A project team was constituted, with the staff advisor and 

faculty members handling the other courses. The team 

evaluated the data collected from the measure phase to 

identify the root causes of the eight defects. Figure 4 depicts 

the cause-and-effect diagram generated by brainstorming 

sessions among project team members. It shows the factors 
affecting defects in HEI. Table 4 shows the critical analysis of 

identified defects. Most of the students were not conforming 

to the required minimum quality.  

For further DMAIC analysis, the eight failed students 

selected for improvement were numbered from defect 1 to 

defect 8. The causes of defects were analyzed under four 

categories: performance in internal examinations, attendance 

percentage, ability, and attitude of students. The ultimate 

objective of this phase was to critically analyze the root causes 

of problems that occurred during their teaching-learning 

process.  

The performance of students was measured and analyzed 

based on the first internal evaluation, and it was found that 

none of them conformed to the standard quality requirement 

of 45% marks. The attendance percentage at the time of 

evaluation was satisfactory for most students. The project 

team critically analyzed the ability of these students in 

language skills, communication skills, leadership quality, and 

ability to work in groups.  

On critical analysis of the student’s ability, it was found 

that defect no.1 and defect no.5 needed improvements in 

language and communication skills. The leadership quality 
and the ability of students to work in groups were good except 

for defect no.5. The defects were analyzed under the attitude 

attribute. The attitude was tested in terms of the interest of 

students in academic activities, rate of submission of 

assignments, and sincerity in attending classes. Defect 1 and 

defect 6 needed improvement in the sincerity of attending 

classes. The interest in academic activities and the submission 

of assignments by defect 5 was not satisfactory.  
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Table 2. Project character

 

3.3.1. EFQM Survey 

Six Sigma is a customer-focused methodology that will 

increase internal and external customer satisfaction [24]. 

Along with academic performance improvement, customer 

satisfaction is essential for successfully deploying Six Sigma 
DMAIC in HEIs.  Appendix 1 shows the students’ satisfaction 

EFQM feedback form distributed among the students for 

measuring and analyzing satisfaction levels.  

The survey found a small gap in almost all the attributes 

tested among the students. Table 5 shows the consolidated 

results of the EFQM student satisfaction survey. Student 

feedback results identify students’ satisfaction levels with 

various attributes of the teaching-learning process. The results 
were analyzed by measuring the gap. The gap is the difference 

between the degree of importance and level of agreement in 

statements.  

Project Name/Number  Improvement of academic performance of students in MTDM/SSPS5ME3031 

Sponsoring Organization  Engineering College 

Project Sponsor  
Name:  

Head of Department  

Phone:  
  

 
Office Location: 

Engineering College 

Mail Stop:  
  

Project Black Belt  Name: Self Phone:    

 Office Location: CEMP  Mail Stop:    

Project Green Belt  Name:  Phone:    

 Office Location:  Mail Stop:    

Team Members (Name)  Title / Role  Phone  Office Location  Mail Stop  

 HOD  Engineering College  

 BB Self  Engineering College  

 MBB Self  Engineering College  

Principal Stakeholders  Title / Role  Phone  Office Location  Mail Stop  

Students of ME Dept.   CAMP  

Date Chartered:  
Project Start Date:  Target Completion 

Date:  
  

 1st August 2019 30th November 2019   

     

Revision: N/C:  Number: 0  Date    

 
Sponsor Approval 

Signature:  
   

Project Name/Number:  
Improvement of academic performance of students in the subject 

MTDM/SSPS5ME3031 

Project Mission 

Statement  

The project aims to achieve a 100% pass percentage in the Mechanical Engineering 

Department. Zero defect  rate with six sigma capability 

Problem Statement  

This course’s failure/defect rate increased considerably in the last two years, reducing the 

department’s overall results. The poor results in departments, in turn, resulted in poor 

academic performance of the institute. 

Project Scope  
The six sigma project SSS5ME3031 will improve the student’s academic performance 

by ensuring a 100% pass. 

Business Needs 

Addressed by This 

Project  

Poor results affect the institute’s reputation, reducing students’ intake. 

Product or Service 

Created by This Project 

(Deliverables)  

Improvement in academic performance of students in the subject MTDM 

Resources Authorized for 

This Project  
 Faculty handling manufacturing subjects cluster 
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Table 3. Process capability-first phase 

Product/ 

Process/ 

Subject 

Defect Unit Opportunity 
Total 

Opportunity 
DPU DPO DPMO 

Process 

Capability 

(Sugma 

Level from 

Tables) 

 

No. of 

Failures 

(2) 

No. of 

Batches 

(3) 

No. of 

Students / 

Batch (4) 

(5)=(3)x(4) (6)=(2)/(3) (7)=(2)/(5) 
(7) x 

10,00,0000 
 

SSS5ME303

1MTDM 
8 1 62 62 8 0.129032 129032 2.625 

 
Table 4. Critical analysis of defects 
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40 Defect 1 
Not 

Satisfactory 
Satisfactory Excellent Good 

Not 
Satisfactory 

Not 
Satisfactory 

Satisfactory 40 66 

51 Defect 2 Satisfactory Good Excellent Satisfactory Satisfactory Satisfactory Good 25 76 

57 Defect 3 Satisfactory Satisfactory Good Satisfactory Good Good Good 40 80 

62 Defect 4 Satisfactory Good Good Satisfactory Good Satisfactory Good 30 80 

65 Defect 5 
Not 

Satisfactory 
Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory 

Not 
Satisfactory 

20 76 

66 Defect 6 Satisfactory Good Good Satisfactory 
Not 

Satisfactory 
Not 

Satisfactory 
Satisfactory 30 70 

67 Defect 7 Satisfactory Good Good Satisfactory Good Satisfactory Satisfactory 35 80 

69 Defect 8 Satisfactory Good Good Satisfactory Good Satisfactory Satisfactory 25 66 

 
Table 5. EFQM student satisfaction survey-results 

Sl. 

No. 

Teaching Learning Process-Students Satisfaction Survey 

 Agreement (AGR) Importance (IMP) GAP=IMP-AGR 

1 Learning Process-Resources 2.7 3.233333333 0.533333333 

2 Learning Process-Course Content 1.833333333 2.133333333 0.3 

3 Learning Process-Delivery of Courses 1.783333333 2.083333333 0.3 

4 Teaching Process-Faculty Performance 2.985185185 3.118518519 0.133333333 

5 Teacing Process-Evaluation Feedback System 3.013333333 3.346666667 0.333333333 

 Overall Satisfaction 2.8 3.466666667 0.666666667 

It is possible to prioritize the problems to be corrected by 

measuring the gap between importance and agreement. On 

analysis, gaps were found in all the six parameters tested 

among the students.  Appendix 2 shows the detailed results of 

the EFQM student satisfaction survey. Figure 5 shows the 

results of feedback on the learning process concerning 

resources. Gaps between importance and agreement were 

more in the availability of resources like e-journals and IT 

resources  (Survey question no.Q1.4), National journals and 

International journals (Q1.5), and equipment (Q1.6).  
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Fig. 4 Cause and effect diagram- factors affecting defects in HEIs 
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Fig. 9 Teaching process-gap in evaluation and feedback 

These results show the importance of ensuring equipment 

in laboratories, e-journals, and national and international 

journals to improve student satisfaction. Also, while analyzing 

the learning process, more gaps were found in the course 

content (Q2.1) and subject delivery (Q3.2).  Figure 6 shows 

the results of feedback on course content, and Figure 7 shows 

the results of feedback on the learning process concerning the 
delivery of courses. On analysis of the teaching process, it was 

found that the students were satisfied with the performance of 

the faculty, and they expect more academic support and timely 

advice from their teachers. Figure 8 shows the results of 

feedback on the teaching process concerning faculty 

performance. Figure 9 shows the results of evaluation and 

feedback. There was a gap between agreement and importance 

level regarding overall satisfaction as a student. The survey 

pointed out the specific areas and points of improvement in 
the teaching-learning process to ensure an excellent overall 

satisfaction level for the student. 
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defect1 and 
defect 5) 
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from 

courses 

Low marks 
in end-

semester 

examinations 
 

Less 
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in placement 
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attainment 
of writing 

and 

communication 
skills in the 
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language 
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control 5 1 1 5 
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classes on 
writing and 

communication 

skills in the 

official 
language 

Faculty   

handling 

the 
course 

Conducted 
classes  

under 

placement 

cell 
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Leadership 

quality 
Failure of 

managerial 
skills 

Missing of 

gettogether 
attitude 

Lack of 
managerial 

training 
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control 2 1 1 2 Training in 

managerial 
skills 

Faculty   
handling 

the 

course 

Conducted 

training 

under 
placement 

cell 
1 1 1 1 

The ability of 

students to work 

in groups 
Failure of 

managerial 

skills 
Missing 

good social 

skills 
Lack of 

managerial 
training 

No 
control 2 1 1 2 Training in 

managerial 

skills 
Faculty   
handling 

the 

course 

Conducted 

training  

under 

placement 
cell 
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Innovative skills Failure of 

managerial 

skills 
Missing 
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and 

creativity 

Lack of 
training in 
advanced 

technology 
No 

control 2 1 1 2 Training in 

managerial 

skills 
Faculty   

handling 
the 

course 

Conducted 

training  

under 

placement 
cell 

1 1 1 1 
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Table 7. Failure mode effects analysis table-Attitude 
Potential Failure Mode and Effects Analysis Sheet 

(Process FMEA) 
Process   For Six Sigma Team                                                                                                                                           
Prepared by                                                                                                                                                                                    
FMEA creation Date                                                                                                  Date of Last revision 
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in   

understanding 
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to write end-

semester 
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interested in 

academic 

activities 
Publishing 
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attendance 

twice a 
week 

10 1 1 10 

1. Report to 

secondary 

stakeholders like 

parents daily by 

SMS 
2. Contact the 

student regularly 

whenever he is 

absent 
3. Counseling 

Faculty in charge 
(The due date    is 

before the next 

interval 
Exam.) 

Reported 

to 

secondary 

stakeholder 
 

Contacted 

student 

regularly 
3. Given 

Counseling 

1 1 1 1 Interest in academic  

activities 
(Improvement needed 

for 
defect 1 and defect 

6) 

Submission 
of assignment 
(Improvement  

needed for defect 5) 
Non- 

submission 
of 

assignment 

1. Non-

attainment of 

course 

outcome set 

by the 

University 
2. Low 

internal 

marks 

1. Attitude 

of late 

submission 

learned and 

practised 

from 

previous 
semesters of 

study 

Recording in 

the faculty 

register 10 1 1 10 
1. Contact the 

student  one day 

before the due 

date and compel 

him to submit 

Faculty in charge 
(The due 

the date is before the 

next 
Internal 
Exam.) 

Contacted 

student and 

compelled 

him to 

submit 
1 1 1 1 

Internal   

examinations 
(Improvement 

needed for defects 1 

to 8) 

Failure 
due to non-

attainment 
of Minimum 

marks 

1. Non-

attainment of 

course 

outcome set 

by the 

University 
2. Low 

internal 

marks 

1. Poor 

performance in 

the exam 
2. Unprepared 
3. Knowledge 

level 
4. Writing 

skills 

Publishing 

and 
Sending 

of results 

to parents 
 

10 1 1 10 
Continuous 
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improvement 

classes for 

knowledge 

improvement. 

Faculty in 
charge 

(The due date  is 

before the next 

interval 
Exam.) 

Monitored 
the students 

till 
l the second 

internal 
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1 1 1 1 

 
Table 8. Control plan 

Process Steps Control Mechanism Measure / Metric 
Criticality 

(HML) 
Action is Taken If Problems Occur Owner 

Correcting of 

Defect 1 

Improvement in Academic 

Performance and 

Absenteeism 

Test1 Marks-40% 

Attendance-66% 
H 

Academic performance is to be improved 

by using the social media-based platform. 

Absenteeism is to be controlled. 

Faculty 

Correcting of 

Defect 2 

Improvement in Academic 

Performance 

Test1 Marks-25% 

Attendance-76% 
H 

Academic performance is to be improved 

by  using the  social media-based 

platform. 

Faculty 

Correcting of 

Defect 3 

Improvement in Academic 

Performance 

Test1 Marks-40% 

Attendance-80% 
H 

Academic performance is to be improved 

by  using the social media-based platform. 
Faculty 

Correcting of 

Defect 4 

Improvement in Academic 

Performance 

Test1 Marks-30% 

Attendance 80% 
H 

Academic performance is to be improved 

by  using the social media-based platform. 
Faculty 

Correcting of 

Defect 5 

Improvement in Academic 

Performance 

Absenteeism 

Test1 Marks-20% 

Attendance-76% 

Submission of 

Assignment-Nil 

H 

Academic performance and submission of 

assignments are to be improved by using 

the   social media-based platform. 

Faculty 

Correcting of 

Defect6 

Improvement in Academic 

Performance 

Test1 Marks-30% 

Attendance-70% 
H 

Academic performance is to be improved 

by using social media-based platform. 

Absenteeism is to be controlled. 

Faculty 

Correcting of 

Defect 7 

Improvement in Academic 

Performance 

Test1 Marks-35% 

Attendance-80% 
H 

Academic performance is to be improved 

by  using the  social media-based 

platform. 

Faculty 

Correcting of 

Defect 8 

Improvement in Academic 

Performance 

Test1 Marks-25% 

Attendance-66% 
H 

Academic performance is to be improved 

by using the  social media-based platform. 

Absenteeism is to be controlled. 

Faculty 

Students 

Satisfaction 

Improvement in Customer 

Satisfaction 

Voice of  Primary 

Stakeholders 
H Student satisfaction surveys. 

Project 

Team 

Leader 

Faculty Satisfaction 
Improvement of Faculty 

Satisfaction 
Voice of  Faculty M Faculty satisfaction surveys. 

Project 

Team 

Leader 

 



K.G. Jayamohan & A.B. Bhasi / IJME, 11(2), 1-15, 2024 

11 

3.4. The Improve Phase 

In the improvement phase, the project team developed an 

improvement plan by conducting a brainstorming session 

among the team members. To perform a risk assessment and 

identify the root causes of problems, an Failure Mode Effects 

Analysis (FMEA) table was constructed. The FMEA 
worksheet describes actions to be taken to reduce the Risk 

Priority Number (RPN) by considering the severity of the 

failure modes.  

Table 6 shows the FMEA table constructed for the skill 

attribute, and Table 7 shows the FMEA table built for the 

attitude attribute. The crucial processes analyzed are internal 

examination performance, communication skills attainment, 

sincerity of students in attending classes, and assignment 

submission. The project was performed in a short period 

before the commencement of the second internal examination. 

Improvements actions were taken for the students listed 

in the defect list within the specified period. After the 
improvement phase, the RPN of failure modes was reduced 

considerably. 

3.5. The Control Phase 

Based on the improvement plan for correcting the list of 

students as identified as defects, a control action was prepared 

to control and maintain the improvements. 

A control plan will be a detailed guide for maintaining all 

of the changes implemented during the project [23]. Table 8 

depicts the prepared control plan. The features of the control 

plan are detailed below.  

 A Six Sigma cluster was constituted by connecting 
faculties handling similar courses. The cluster was headed 

by an experienced faculty and assisted by course experts 

in the related area as black belts to make corrective 

actions on the performance of defects.  

 The team encouraged the students to utilize the course 

contents using a social media-based platform. The 

platform was available on the mobile phones of students. 

The students were encouraged to clarify their doubts and 

difficulties through this media. The method helped them 

to give valuable suggestions and feedback on clarity and 

understandability, of course. 

 The social media-based platform can prepare the 

submission schedule and accept and regulate the 

submission of assignments at the right time. The 

scheduled publishing of attendance and sending of alerts 

of percentage attendance to secondary stakeholders such 

as parents will reduce student absenteeism. 

To maintain the improvements, the owner specified in the 

control plan will take action if problems occur during the 

processes.  

4. Results and Discussion 
The integration of Six Sigma and European Fundamental 

Quality Management (EFQM) technique for continuous 

improvement is successfully conducted in one of the 

Mechanical Engineering courses. The data is collected, 

analyzed, and reviewed periodically to ensure “zero defects” 

in the delivery of courses. The effect of implementing Six 

Sigma DMAIC concerning the eight defects at the end of the 

second internal examination was measured.  

The results indicated that all the students who were 

declared as a “defect’ and treated under the Six Sigma DMAIC 

methodology got passing marks in the second internal 

examination, making their defect count from 8 to 0. Thus, Six 
Sigma capability, such as ‘zero defect,’ can be obtained in 

examinations if Six Sigma DMAIC methodologies are applied 

at the right time. The absenteeism can be controlled by the 

project team’s regular monitoring of class hours.  

The project team motivates the students to achieve better 

results in final examinations. The increase in the number of 

evaluations and feedback and its compliance resulted in more 

satisfaction in the face of stakeholders. The feedback collected 

from students as per EFQM helped the faculty to adjust their 

teaching speed of presentation.  

The EFQM evaluation feedback system resulted in the 
improvement of clarity and understandability of courses. The 

working style of faculties was improved due to the two-phase 

monitoring. The continuous evaluation resulted in the 

improvement of the submission rate of assignments by the 

students.  

The attendance percentage was significantly enhanced 

due to the periodic publishing of attendance after the feedback. 

The study was conducted particularly in one of the courses and 

resulted in considerable improvement of the sigma level after 

six months of continuous course improvement.  

5. Conclusion 
The positive results from evaluation and feedback 

systems prove that the Six Sigma DMAIC can successfully be 

integrated with the EFQM. This methodology can effectively 

be applied to teaching-learning. The significant advantage of 

the system is correcting mistakes at the earlier stages of the 

teaching-learning process.  

The system also improves teachers’ flexibility as they can 
change themselves to attain better results. The methodology 

will enhance the satisfaction level of students in the course. 

The arrangement and structure of service sectors like HEI are 

very complex. The actions to be taken for the improvement of 

the process are also complex. The products of HEIs are the 

students undergoing graduate courses.  
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More attention is to be given to training the top 

management in the concepts of Six Sigma. Applying 

continuous improvement strategies in the teaching-learning 

process to all other courses can improve the institution’s 

overall performance. 

The continuous course improvement was applied to one 
course at one University. The study can produce more impact 

if the Six Sigma DMAIC methodology is applied to courses in 

other departments of HEIs. The proposed method can 

generally be used in any higher education institute, 

irrespective of the courses offered.  

More qualitative and quantitative studies are required in 

the future to test integrating Six Sigma with other quality 

management systems and measure the satisfaction of different 

stakeholders of HEIs, such as employees, employers, and 

parents. 
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Appendix 1 
Table 9. Students satisfaction feedback form for teaching learning process 

Teaching Learning Process-Students Satisfaction Feedback Form 
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1 Learning Process-Resources                     

1.1 
I have been informed about the importance of 

Textbook 

                    

1.2 
Sufficient library books are available for 

making my studies more effective. 

                    

1.3 
e-journals and other IT resources are available 

for my assistance 

                    

1.4 

National and international journals are 

 available for reference and knowledge 

enhancement 

                    

1.5 

The equipments and other infrastructural 

facilities are available and accessible  for 

practical development in the subject 

                    

1.6 
My knowledge has been improved due to 

sufficient availability of resources 

                    

2 Learning Process-Course Content                      

2.1 I am satisfied with the contents of the subject                     
2.2 

I am satisfied with the knowledge received 

from the subject content 

                    

2.3 
The total hours  for the subject  per week is 

sufficient 

                    

3 Learning Process Delivery of Courses                     

3.1 I can explore ideas confidently                     

3.2 
The learning of the subject was so easy due to 

proper subject delivery 

                    

3.3 
I have received sufficient practical knowledge 

on the subject 

                    

4 Teaching Process-Faculty                     

4.1 
The clarity and understandability of explanation 

of the subject by the faculty  is excellent 

                    

4.2 
The interest of the faculty in handling subjects 

is excellent 

                    

4.3 The behavior of the faculty is excellent                     

https://doi.org/10.1108/IJPPM-04-2013-0077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Readiness+factors+for+the+Lean+Six+Sigma+journey+in+the+higher+education+sector&btnG=
https://www.emerald.com/insight/content/doi/10.1108/IJPPM-04-2013-0077/full/html
https://doi.org/10.1108/JIEB-10-2013-0040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improving+learning+outcome+using+Six+Sigma+methodology&btnG=
https://www.emerald.com/insight/content/doi/10.1108/JIEB-10-2013-0040/full/html
https://doi.org/10.1108/IJQRM-10-2014-0160
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Waste+identification+and+elimination+in+HEIs%3A+the+role+of+Lean+thinking&btnG=
https://www.emerald.com/insight/content/doi/10.1108/IJQRM-10-2014-0160/full/html
https://doi.org/10.1108/IJLSS-08-2018-0090
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kaizen+in+university+teaching%3A+continuous+course+improvement.&btnG=
https://www.emerald.com/insight/content/doi/10.1108/IJLSS-08-2018-0090/full/html
https://doi.org/10.1108/IJLSS-04-2018-0042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+lean+Six+Sigma+approach+for+improving+university+campus+office+moves&btnG=
https://www.emerald.com/insight/content/doi/10.1108/IJLSS-04-2018-0042/full/html
https://doi.org/10.1108/IJPPM-09-2016-0195
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lean+Six+Sigma+leadership+in+higher+education+institutions&btnG=
https://www.emerald.com/insight/content/doi/10.1108/IJPPM-09-2016-0195/full/html?utm_campaign=Emerald_Strategy_PPV_November22_RoN
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4.4 
I am satisfied with the academic support 

received  

                   

4.5 
The willingness of the faculty to help  at any 

time is  excellent  

                    

4.6 I have received sufficient and timely advice                     

4.7 
I can independently study lessons due to the 

support and advice received from my faculty 

                    

4.8 I have received proper respect from my faculty                     

4.9 
The work schedule  on the subject as per the 

timetable is conducted efficiently 

                    

5 
Teaching Process-Evaluation And Feedback 

System 

                    

5.1 
I have been informed about the minimum marks 

and credentials required for a pass 

                    

5.2 
I have been informed about the scheme of 

giving marks  to answers in a question paper 

                    

5.3 
The system of evaluation and assessment  is 

excellent 

                    

5.4 The feedback system on the subject  is prompt                     

5.5 

The clarity and understandability of the 

assessment system is excellent due to the 

feedback 

                    

6 Overall Satisfaction                     

Appendix 2 
Table 10. Learning process -resources 

Survey 

Question No. 
Question 

Agreement 

(AGR) 

Importance 

(IMP) 

GAP=IMP-

AGR 

Q1.1 
I have been informed about the importance of 

Textbook 
3.15 3.6 0.45 

Q1.2 
Sufficient library books are available for 

making my studies more effective. 
2.9 3.35 0.45 

Q1.3 
e-journals and other IT resources are available 

for my assistance 
2.65 3.25 0.6 

Q1.4 

National and international journals are 

available for reference and knowledge 

enhancement 

2.3 2.95 0.65 

Q1.5 

The equipments and other infrastructural 

facilities are available and accessible  for 

practical development in the subject 

2.6 3.15 0.55 

Q1.6 
My knowledge has been improved due to 

sufficient 
2.6 3.1 0.5 

Table 11. Learning process -course content 

Survey 

Question No. 
Question 

Agreement 

(AGR) 

Importance 

(IMP) 

GAP=IMP-

AGR 

Q2.1 I am satisfied with the contents of the subject 2.7 3.3 0.6 

Q2.2 
I am satisfied with the knowledge received 

from the subject content 
2.5 3.1 0.6 

Q2.3 
The total hours  for the subject  per week is 

sufficient 
3 3.3 0.3 
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Table 12. Learning process -delivery of courses 

Survey 

Question No. 
Question 

Agreement 

(AGR) 

Importance 

(IMP) 

GAP=IMP-

AGR 

Q3.1 I can explore ideas confidently 2.85 3.3 0.45 

Q3.2 
The learning of the subject was so easy due to 

proper subject delivery 
2.65 3.15 0.5 

Q3.3 
I have received sufficient practical knowledge 

on the subject 
2.7 3.1 0.4 

Table 13. Teaching process -faculty performance 

Survey 

Question No. 
Question 

Agreement 

(AGR) 

Importance 

(IMP) 

GAP=IMP-

AGR 

Q4.1 

The clarity and understandability of 

explanation of the subject by the faculty  is 

excellent 

2.933 2.93333 0 

Q4.2 
The interest of the faculty in handling subjects 

is excellent 
3.133 2.93333 -0.2 

Q4.3 The behaviour of the faculty is excellent 3.067 3.13333 0.0666667 

Q4.4 
I am satisfied with the academic support 

received 
2.533 2.86667 0.3333333 

Q4.5 
The willingness of the faculty to help  at any 

time is  excellent 
3.267 3.46667 0.2 

Q4.6 I have received sufficient and timely advice 2.733 3.06667 0.3333333 

Q4.7 
I can independently study lessons due to the 

support and advice received from my faculty 
2.8 3 0.2 

Q4.8 I have received proper respect from my faculty 3.467 3.6 0.1333333 

Q4.9 
The work schedule  on the subject as per the 

timetable is conducted efficiently 
2.933 3.06667 0.1333333 

Table 14. Teaching process -evaluation and feedback system 

Survey 

Question No. 
Question 

Agreement 

(AGR) 

Importance 

(IMP) 

GAP= 

IMP=AGR 

Q5.1 
I have been informed about the minimum 

marks and credentials required for a pass 
3.2 3.2667 0.0666667 

Q5.2 
I have been informed about the scheme of 

giving marks to answers in a question paper 
2.733 3.2 0.4666667 

Q5.3 
The system of evaluation and assessment is 

excellent 
3.267 3.66667 0.4 

Q5.4 The feedback system on the subject is prompt 2.733 3.13333 0.4 

Q5.5 

The Clarity and understandability of the 

assesment system is excellent due to the 

feedback 

3.133 3.466667 0.3333333 

Q5.6 
I have been informed about the minimum 

marks and credentials required for a pass 
3.2 3.26667 0.0666667 

Q5.7 
I have been informed about the scheme of 

giving marks to answers in a question paper 
2.733 3.2 0.4666667 

Q5.8 
The System of evaluation and assessment is 

excellent 
3.267 3.66667 0.4 

Q5.9 
The work schedule on the subject as per the 

timetable is conducted efficiently 
2.933 3.06667 0.1333333 

 


