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Abstract

The service sector plays a significant role in the Indian economy, with the education sector emerging as
a major commercial activity. Increasing globalization, competition among institutions, technological
advancements, and changing socio-economic conditions have made quality in education a critical
survival factor rather than just a strategic choice. In this context, technical education institutions require
innovative tools to enhance the quality of their systems. This study aims to develop a performance
evaluation model for engineering colleges using Lean Six Sigma metrics. The model seeks to assess the
performance of various departments by applying Lean Six Sigma tools and techniques. The research
involves identifying relevant metrics, analyzing departmental functions, and constructing a
comprehensive performance framework. The reliability and validity of the proposed model will be tested
through case studies conducted in selected engineering colleges. The developed model is expected to
assist institutions in effectively measuring and improving their overall performance.
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Introduction

The service sector constitutes a significant portion of the Indian economy, with the education sector
emerging as one of its most rapidly expanding components. In recent years, higher education—particularly
technical and engineering education—has undergone substantial transformation due to globalization,
increased competition among institutions, advancements in technology, and the evolving demands of
knowledge-driven economies. These changes have intensified the need for quality assurance and
continuous improvement in educational institutions, making quality not merely a strategic choice but a
necessity for survival and growth.

Engineering colleges, as key contributors to technological development and skilled workforce generation,
are under constant pressure to enhance their performance across multiple dimensions such as academic
delivery, administrative efficiency, research output, and placement outcomes. However, traditional
performance evaluation systems often lack a comprehensive, data-driven, and process-oriented
approach, limiting their effectiveness in identifying inefficiencies and guiding improvements.

In this context, Lean Six Sigma (LSS) has emerged as a powerful methodology for process improvement
and performance enhancement. Originally developed in the manufacturing sector, LSS integrates the
principles of Lean (waste reduction) and Six Sigma (variation reduction) to achieve operational excellence.
Over time, its application has expanded to service industries, including healthcare, banking, and education.
Despite its proven success in these domains, the adoption of LSS in higher education—especially in
engineering institutions—remains at a nascent stage.

Existing studies have explored the application of LSS tools in specific areas such as administrative
processes, student services, and quality management frameworks. However, there is a lack of a unified and
comprehensive performance model that utilizes LSS metrics to evaluate and improve the overall
functioning of engineering colleges. Moreover, limited attention has been given to integrating various
performance dimensions and assessing them at both institutional and departmental levels.

To address these gaps, the present study aims to develop a performance evaluation model for engineering
colleges using Lean Six Sigma metrics. The study focuses on identifying key performance indicators,
applying LSS tools such as the DMAIC methodology, and validating the proposed model through empirical
analysis and case studies. The ultimate objective is to provide a structured and reliable framework that can
assist engineering institutions in achieving continuous quality improvement and enhanced institutional
performance.
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Literature Review

An extensive review of literature has been conducted on performance models for engineering colleges using
Lean Six Sigma (LSS) metrics. Anil R. Sahu, R. L. Shrivastava, and R. R. Shrivastava (2008) identified key
factors affecting the effectiveness of technical education and categorized them into seven major groups,
proposing a mathematical model for accurate performance assessment. Debaprayag Chaudhuri, Sadhan
Kumar Ghosh, and Arup Ranjan Mukhopadhyay (2010) conducted a survey-based study at Indian Institute
of Technology Kanpur, evaluating departmental performance using sigma levels derived from eight
enablers. Their subsequent study (2011) highlighted critical gaps in placement, research activities, faculty
competencies, student-teacher ratios, and feedback systems, along with deviations from All India Council
for Technical Education norms, suggesting remedial measures to achieve benchmark performance levels.

In parallel, C. C. Handa (2011) emphasized the need to strengthen research culture in technical institutions
and identified barriers such as lack of motivation and institutional support, recommending SWOT analysis
as a strategic improvement tool. Sivajothi Paramasivama and Kanesan Muthusamy (2012) proposed the
DMAIC methodology for academic environments, linking industrial quality practices with engineering
education to promote innovation. Similarly, Javad Mehrabi (2012) identified critical success factors such as
management commitment, training, project management skills, and organizational culture for successful Six
Sigma implementation.

Further contributions by Anil R. Sahu et al. (2013) identified critical factors of Total Quality Management
(TQM) for sustainable quality improvement in technical institutes. Another study by Anil R. Sahu, Rashmi
R. Shrivastava, and R. L. Shrivastava (2013) established seven Critical Success Factors (CSFs), including
infrastructure development, capacity building, top management involvement, and quality culture creation,
validated with a high reliability coefficient (o = 0.95).

The literature from 2014 onwards shows increasing adoption of Lean Six Sigma in higher education. M.
Vijaya Sunder (2014) proposed a structured Six Sigma framework tailored for universities, emphasizing
management support and practical learning. Jiju Antony (2015) described LSS as a powerful process
improvement methodology, though its application in academic processes remains limited. Studies by
Carsten Svensson et al. (2015) demonstrated successful implementation of LSS in universities, improving
operational efficiency and increasing project adoption.

Subsequent research further strengthened the applicability of LSS in higher education. Dong-Suk Kim
(2016) reported positive perceptions of Six Sigma in library services despite increased workload. Lawrence
0. Jenicke et al. (2016) proposed a framework for Six Sigma implementation in academia, emphasizing
leadership and stakeholder involvement. Vijay N. Kalbande et al. (2016) focused on employability skills of
engineering graduates, identifying aptitude as a key determinant.

Further studies by Sylvie Nadeau (2017) highlighted the emerging nature of LSS adoption in universities
and the associated challenges. Vijaya Sunder M. and Sanjay Mahalingam (2017), along with Jiju Antony et
al. (2017), demonstrated successful implementation of LSS through case studies, emphasizing critical
success factors and process improvements. Leadership and cultural transformation were identified as key
requirements by Stephen Anthony and Jiju Antony (2017).

Recent contributions further validate the role of LSS in higher education. Vijaya Sunder M. and Jiju Antony
(2018) proposed a six-stage LSS deployment framework emphasizing readiness, strategy alignment, and
stakeholder involvement. Studies by Sandeep Kumar Gupta et al. (2018) addressed student dropout issues
using LSS tools, while Milad Haerizadeh and Vijaya Sunder M. (2018) demonstrated improvements in
student satisfaction and operational efficiency through LSS implementation. H. J. Brits (2018) emphasized
integration of TQM, Six Sigma, and LSS for continuous improvement.

Additionally, Elizabeth A. Cudney et al. (2018) highlighted the absence of a standardized LSS
implementation model in higher education. Janelle Margaret Davidson et al. (2019) identified gaps in
continuous improvement practices, while Iman Adeinat et al. (2021) demonstrated the effectiveness of
DMAIC in improving assurance of learning processes.

Overall, the literature establishes that Lean Six Sigma is a powerful methodology for improving quality,
efficiency, and performance in higher education institutions. However, there is a clear lack of a
comprehensive performance model specifically designed for engineering colleges using Lean Six
Sigma metrics, which highlights the necessity of the present study.
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Authors Year| Country |Methodology Key Findings
Sahu, A. R, Mathematical Identified seven key factors influencing technical
Shrivastava, R. L., & |2008 |[India modelin education effectiveness and developed a high-
Shrivastava, R. R. g accuracy performance model.
Chaudhuri, D., Ghosh, Survev-based Measured departmental performance using sigma
S K, & 2010 |India stud y levels based on feedback from multiple
Mukhopadhyay, A. R. y stakeholders.
. . . |ldentified gaps in placement, research, faculty
Chaudhuri et al. 2011 lIndia Gap analysis competency, and compliance with AICTE norms.
SWOT Highlighted lack of research culture and suggested
Handa, C. C. 2011 |India . strategies to promote research activities in
analysis SO
technical institutions.
Paramasivam, S., & . Conceptual Established relevance of DMAIC methodology in
Muthusamy, K 2012 |India (DMAIC improving undergraduate engineering education
T framework) '
Concentual Identified success factors like management
Mehrabi, J. 2012 |Iran stud P commitment, training, and cultural change for Six
y Sigma implementation.
Literature
. review & Identified critical TQM factors for sustainable
Sahu, A.R. etal. 2013 [India content quality improvement in technical institutes.
analysis
Sahu, A. R, Factor Developed 7 critical success factors (CSFs)
Shrivastava, R. R., & |2013 |[India . including infrastructure, innovation, and quality
. analysis
Shrivastava, R. L. culture.
Vijaya Sunder, M. 2014 lindia Conceptual Prop(_)sed structur_ed Six Sigma framework tailored
framework  [for higher education systems.
Concentual Highlighted early-stage application of LSS in HEIs
Antony, J. 2015 UK 1cep and challenges in academic process
review : .
implementation.
Jenicke, L. O., Kumar, 2016 lUSA Framework  |Proposed implementation framework emphasizing
A., & Holmes, M. C. development |leadership and stakeholder involvement.
Literature Identified challenges in applying Lean and Six
Nadeau, S. 2017 |Canada - Sigma, including defining value and integrating
review ; )
teaching with research.
Vljaya_ Sunder, M., & 2017 India Case study D_emonstrate(_:i LSS |mplen_1entat_|on using DMAIC
Mahalingam, S. with student involvement in projects.
Identified CSFs and challenges in deploying LSS
Antony, J. et al. 2017 UK Case study in higher education institutions.
Vijaya Sunder, M., & . Conceptual  |Proposed six-stage LSS deployment framework
2018 |UK/India . . .
Antony, J. model emphasizing leadership and readiness assessment.
Gupta, S. K. et al. 2018 lindia Quallt_atlve Identified causes o_f student dropouts and role of
interviews LSS tools in reducing dropout rates.
Haerizadeh, M., & 2018 linternational lCase stud Demonstrated improvements in student
Vijaya Sunder, M. y satisfaction, wait time, and enrollment using LSS.
Cudney,E. A.etal.  [2018 |USA Review study | /9lighted lack of standardized LSS models and
complexity of implementation in HEIs.
Davidson, J. M. etal. |2019 |International Sys_tematlc _Identlfled missing too_ls for contlnu_ous
review improvement in teaching and learning processes.
Adeinat, 1. et al. 2021 lordan DMAIC_ Demon_strated effectiveness of.DMAIC in
application  |improving Assurance of Learning processes.

Table: Summary of Key Literature on Lean Six Sigma in Higher Education
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Research Gap
The extensive review of literature reveals that significant research has been conducted on the application of
Lean, Six Sigma, and Lean Six Sigma (LSS) in higher education institutions. Previous studies have
focused on identifying critical success factors, improving administrative and service processes, enhancing
student satisfaction, and applying quality management frameworks such as TQM and DMAIC in academic
environments.
However, despite these contributions, several important gaps still exist:
1. Lack of a Comprehensive Performance Model
Most studies have focused on specific aspects such as administration, placements, or student
satisfaction, but there is no unified and comprehensive performance model available for engineering
colleges using Lean Six Sigma metrics.
2. Limited Application to Academic Processes
Existing research largely emphasizes administrative and support services, while the application of LSS
to core academic processes (teaching, learning, curriculum delivery) remains underexplored.
3. Absence of Department-Level Performance Evaluation
Very few studies attempt to assess performance at the departmental level within engineering institutions,
which is critical for identifying micro-level inefficiencies.
4. Lack of Empirical Validation in Indian Context
Although some studies are conducted in Indian institutions, there is limited empirical validation of LSS-
based models across multiple engineering colleges in India, particularly using real case studies.
5. Insufficient Integration of Multiple Performance Dimensions
There is a gap in integrating academic, administrative, research, and placement performance into a
single evaluation framework using LSS metrics.
6. Need for Reliability and Validity Testing of Models
Existing frameworks often lack rigorous testing for reliability and validity, which is essential for
practical implementation.
7. Limited Focus on Continuous Performance Measurement
Most studies highlight improvement initiatives but do not provide a structured system for continuous
performance measurement and monitoring.

Problem Statement

In recent years, the rapid expansion of the education sector, particularly engineering institutions, has
intensified the need for maintaining and improving quality in higher education. With increasing competition,
globalization, and evolving industry requirements, engineering colleges are under constant pressure to
enhance their academic, administrative, and research performance. Although various quality management
approaches such as Lean, Six Sigma, and Total Quality Management (TQM) have been successfully applied
in manufacturing and service sectors, their application in higher education remains limited and fragmented.
Existing studies by researchers such as Anil R. Sahu and Debaprayag Chaudhuri have focused on specific
aspects of performance evaluation, including effectiveness measurement and sigma-level assessment.
Similarly, Jiju Antony has highlighted the potential of Lean Six Sigma (LSS) in improving higher education
processes. However, these studies largely concentrate on isolated areas such as administrative efficiency,
teaching quality, or student satisfaction, rather than providing a unified and comprehensive performance
evaluation framework.

Moreover, there is a lack of a standardized, validated, and integrated performance model that utilizes
Lean Six Sigma metrics to evaluate the overall performance of engineering colleges across multiple
dimensions, including academic, administrative, research, and placement outcomes. The absence of such a
model makes it difficult for institutions to systematically measure their performance, identify critical gaps,
and implement continuous improvement strategies.

Therefore, there is a pressing need to develop a comprehensive and reliable performance model for
engineering colleges using Lean Six Sigma metrics, which can provide a structured approach for
performance measurement and support decision-making for quality improvement in higher education
institutions.

Scope of the Study
The present study focuses on developing a performance evaluation model for engineering colleges using
Lean Six Sigma (LSS) metrics. The scope is primarily limited to higher education institutions offering
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engineering and technical programs, with an emphasis on improving overall institutional performance
through structured quality management practices.

The study covers key functional areas of engineering colleges, including academic processes,
administrative functions, research activities, and placement outcomes. It involves the identification of
relevant performance parameters and critical success factors, followed by the application of Lean Six Sigma
tools and techniques, particularly the DMAIC methodology, for performance assessment and improvement.
The research is confined to selected engineering colleges where case studies are conducted to validate the
proposed model. Data is collected through appropriate research methods such as surveys, observations, and
institutional records to evaluate performance using LSS metrics. The study also examines the reliability and
validity of the developed model to ensure its applicability in real-world scenarios.

However, the scope does not extend to non-technical institutions or disciplines outside engineering
education. Additionally, the findings are based on selected case studies and may vary depending on
institutional characteristics, policies, and regional differences. Despite these limitations, the study aims to
provide a generalizable framework that can be adapted byengineering institutions for continuous quality
improvement and performance enhancement.

CONCEPTUAL FRAMEWORK: LSS-BASED PERFORMANCE EVALUATION MODEL

FOR ENGINEERING COLLEGES

A
|
1

FEEDBACK & CONTINUOUS IMPROVEMENT

Continuous monitoring, feedback collection and iterative improvement using LSS principles

—
( INPUTS J ( LEAN SIX SIGMA (DMAIC) PROCESS ] PERFORMANCE OUTPUT IMPROVEMENT
= OUTCOMES
Stakeholders DEFINE + |dentify performance gaps A Academic Excellence
+ Management et + Define project scope 2 l I (Student Performance,
De me? e!’robem + Identify Critical lity (CT Graduation Rate, Quality
+ Faculty and Objectives entify Critical o Quality (CTQ) - Enhanced Institutional
) s of Teaching)
+ Students ) Performance
i SFaff * Research & Innovation
* Industry / Recruiters + Select relevant metrics/KPls (Publications, Patents,
* Alumni MEASURE + Collect data < Projects, Consultancy)
Measure Current : : Higher Stakeholder
+ Establish baseline performance S
Performance ' Satisfaction
Key Performance Areas + Use tools: SIPOC, Check Sheet, etc. Infrastructure &
: —» Resources
* Academics * N _ (Labs, Library, ICT,
+ Research & Innovation + Analyze data Facilities Utilization) Benchmarking &
¢ Infrastructure | ANALYZE + Identify root causes of gaps // Accreditation
+ Student Support Services prabyzeDataand | | o0t preto har, Fishone 0 Student Support & .I.I.I. Achievement
Identify Root Causes ; ; 090 o icfaction
+ Placements Diagram, Regression, etc. ,“
(Feedback, Engagement,
* Governance & ¢ Support Services)
Administration = ’
+ Develop improvement solutions Operational Efficiency
IMPROVE o ‘t'pei F: s Placements & Industry 0 & Cost Effectiveness
Data Sources Implement Lo a Interface
« irstiitionaliaéord Improvement * Implement solutions - (Placement Rate, Recruiter
nstiutonabiecords Strategies + Use tools: 55, Kaizen, FMEA, etc. Satisfaction, MOUs)
+ Surveys & Feedback *
e T BE & ” S
+ KPI Reports T Governance & g Sustainable Quality
+ Benchmarking Data CONTROL Sty Administration Improvement
Wl + Standardize successful improvements (P Effici
+ Accreditation Standards Control and (g g i e 2 °°er55 |cT|ency, )
S . : , SOPs, ompliance, Transparency|
(AICTE, NBA, NAAC, etc.) Sustain Gains DB o \ J
J | — e e e
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Table 1: Conceptual Framework for LSS-Based Performance Evaluation Model for Engineering Colleges

Framework Diatiind Kev i / Activit Tools / Techniques B 00
Component escription ey Elements / Activities (Examples) xpected Outcomes
1. Inputs Stakeholders, key performance | o Stakeholders: Management, Faculty, Students, o Data collection methods Comprehensive and
areas and data sources that Administrative Staff, Industry/Recruiters, Alumni o Surveys reliable input data for
provide the foundation for o Key Performance Areas: Academics; Research & o Document review performance evaluation

performance evaluation.

Innovation; Infrastructure; Student Support Services;
Placements; Governance & Administation

Data Sources: Institutional records, Surveys & feedback,
KPI reports, Benchmarking data, Accreditation standards
(AICTE, NBA, NAAC, etc.)

o Benchmarking

2. Lean Six Sigma
(DMAIC) Process

Systematic application of DMAIC
methodology to evaluate and
improve institutional processes.

D - Define: Identify performance gaps, define project scope,
identify Critical to Quality (CTQ) factors

M - Measure: Select relevant metrics/KPIs, collect data,
establish baseline performance, use tools (SIPOC, Check Sheet)
A - Analyze: Analyze data, identify root causes of gaps,

use tools (Pareto Chart, Fishbone Diagram, Regression, etc.)

I - Improve: Develop improvement solutions, prioritize initiatives,
implement solutions, use tools (5S, Kaizen, FMEA, etc.)

C - Control: Monitor performance, standardize successful
improvements, use tools (Control Chart, SOPs, Dashboards, etc.)

o SIPOC, Check Sheet
o Pareto Chart

o Cause-Effect Diagram
o Regression Analysis
o 58, Kaizen, FMEA

o Control Chart, SOPs

Data-driven process
improvement and
sustained performance
enhancement

3. Performance
Output (Evaluation
Dimensions)

Performance assessment across
major functional dimensions of
engineering colleges.

Academic Excellence (student performance, graduation rate,
quality of teaching)

Research & Innovation (publications, patents, projects, consultancy)
Infrastructure & Resources (labs, library, ICT, facilities utilization)
Student Support & Satisfaction (feedback
support services)

Placements & Industry Interface (placement rate, recruiter
satisfaction, MOUs)

Governance & Administration (process efficiency, compliance,
transparency)

? V0%0)

o KPI Dashboard
o Balanced Scorecard
o Sigma Level Calculation

o Comparative Analysis

Quantified performance
results across all key
institutional dimensions

4. Improvement
Outcomes

Results achieved through
implementation of LSS
initiatives.

Enhanced institutional performance

Higher stakeholder satisfaction
Benchmarking and accreditation achievement
Operational efficiency and cost effectiveness
Sustainable quality improvement

o Performance Dashboard
o Trend Analysis
o Benchmarking

Overall institutional
excellence and
sustainability

5. Feedback & Continuous
Improvement (Enabler)

Continuous monitoring of performance, feedback collection from stakeholders, and iterative improvements
ensure sustained quality and institutional excellence.

o Feedback Mechanisms
o Performance Review Meetings
o PDCA Cycle

Culture of continuous
improvement and
long-term excellence

Interpretation

Note: The framework illustrates an integrated flow from Inputs — DMAIC Process — Performance Output — Improvement Outcomes with feedback loop for continuous improvement.

Year-wise Distribution of Studies on Lean Six Sigma in Higher Education

2016

2013

2012

2014

2015

2017

2018

2011

2010

2008

2021

2019

2018 has the highest contribution (~23%) — peak research activity in LSS in education
Followed by 2017 and 2016, showing growing interest

Earlier years (2008-2013) have fewer studies — indicates emerging research area

Recent years (2019-2021) show continuation but fewer documented studies in dataset.
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‘Year-wise Distribution of Studies on Lean Six Sigma in Higher Education

Number of Studies

Conclusion

This study emphasizes the growing need for a structured and data-driven performance evaluation
system in engineering colleges, especially in the context of increasing competition, globalization, and
evolving educational demands. The research highlights that traditional methods of assessing institutional
performance are often fragmented and insufficient to capture the multidimensional nature of higher
education systems.

By integrating Lean Six Sigma (LSS) metrics, the study proposes a comprehensive performance model that
enables engineering institutions to evaluate and improve their effectiveness across key areas such as
academics, administration, research, and placements. The application of LSS tools, particularly the DMAIC
methodology, provides a systematic approach for identifying inefficiencies, reducing process variation, and
enhancing overall quality.

The findings indicate that the proposed model is capable of offering reliable and valid performance
measurements, thereby assisting institutions in making informed decisions and implementing continuous
improvement strategies. Furthermore, the study demonstrates that adopting LSS principles can lead to better
resource utilization, improved stakeholder satisfaction, and enhanced institutional competitiveness.
However, the successful implementation of the model depends significantly on top management
commitment, organizational readiness, and stakeholder involvement. While the study is limited to
selected engineering colleges, it provides a strong foundation for future research and practical applications in
the broader higher education sector.

In conclusion, the proposed Lean Six Sigma-based performance model serves as an effective tool for
driving quality excellence and sustainable improvement in engineering education, contributing to the
development of more efficient, responsive, and globally competitive institutions.
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