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Abstract: Lean management has generated new approaches to reduce non-value-adding activities
in different sectors of the economy, including in higher education systems. Lean principles in
higher education institutions (HEIs) contribute positively to sustainability performance. The current
study aims to: (a) assess waste in HEIs based on lean principles and even their potential effect on
sustainability; (b) establish the relationship among wastes; (c) develop a structural model using
Interpretative Structural Modeling (ISM); (d) carry out the Matrice d’impacts Croisés Multiplication
Appliqué Aun Classement (MICMAC) analysis. In Phase 1 of this study, the identification of waste
modes in HEIs was established. In Phase 2, risk assessment of each waste mode was conducted using
the waste-Failure Mode and Effect Analysis (w-FMEA) technique. In Phase 3, ISM-MICMAC was used
to identify relationships among critical waste modes. The results showed that eighteen waste modes
were identified as critical in HEIs—with six waste modes being autonomous determinants; four were
dependent determinants, four were linkage determinants, and four were driver determinants. This
study is expected to help academicians and practitioners understand HEI's waste types by listing the
critical wastes, mapping their interrelationship, identifying the driving power and dependence, and
proposing mitigation actions. It will also contribute to the growing body of literature highlighting the
waste in HEIs.
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1. Introduction

Toyota first introduced lean principles as an alternative process management sys-
tem. To produce process efficiency by focusing on customer and effective operations
management, Toyota invented the ‘“Toyota Production System (TPS)’, later known as lean
philosophy [1]. Lean philosophy focuses on stabilizing and standardizing work processes
so that critical problems become apparent, and the workforce develops the ability to think
critically to solve problems and improve workflow [2]. It seeks optimal production of
goods or services by eliminating waste and increasing the flow of activity throughout the
entire value stream [3].

Lean principles were born in the manufacturing industry and then—due to the op-
portunities and benefits it creates [4]—have been adopted as an improvement program
in various organizations such as service organizations [5] in both public [6] and private
sectors [7]. Nowadays, the implementation of lean principles has increased in HEISs [8].
Lean higher education is the application of lean principles to higher education administra-
tion (admissions, add /drop credit, purchasing, facilities, hiring, and budgeting) as well
as academic activities (course design and teaching, improving degree programs, student
feedback, handling of assignments) [9]. Although many service sectors still perceive lean
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practices are only applicable to the manufacturing sector [10], more HEIs in developed
countries such as the United Kingdom and the United States are now using lean principles
to improve their operations. According to Thomas et al. [11], compared to the amount of
knowledge on lean in the manufacturing sector, the literature on applying lean principles
in HEISs is still in its infancy, but this research’s extent is growing.

Currently, many businesses are concerned with sustainability. Sustainability, as
defined, is a property of a process or state that can be maintained at a certain level
indefinitely [12]. Namely, the Triple Bottom Line strategy necessitates a comprehensive
performance based on three pillars of sustainability, including social, economic, and
environmental [13,14]. To measure sustainability in HEIs, Aleixo et al. [15] presented
four metrics: social, economic, environmental, and institutional/educational/political
sustainability, as shown in Table 1. The need to become involved in environmental, social,
and economic sustainability and institutional /academic/political sustainability in HEIs
arose primarily due to increased pressure from stakeholders. Applying sustainability in
management processes and organizations contributes to the quality of life of all stake-
holders and contributes to society, the economy, and environmental conservation [16].

Table 1. Pillars and Practices of Sustainable Development in HEIs.

Pillars Practices

Environmental declarations and activities related to
Environmental HEIs engagement in resource scarcity and
environmental issues
Declarations and actions concerning HEI's direct
economic impact and financial sustainability
Declarations and explanations of human rights
policies and processes
Declarations and statements about the beliefs, values,
strategy, governance transparency, and ethical
commitments of HEIs.

Economic
Social/Cultural

Institutional /Educational /Political
Declarations

Adapted from Aleixo et al. [15].

There is a relationship and interaction between lean and sustainability that helps
increase competitiveness and efficiency in production. Camuffo et al. [17] stated that
lean principles represent sustainability and streamline costs, time, waste, and quality
processes. Nawanir et al. [13] found a positive relationship between lean principles in HEIs
and sustainability performance in terms of environmental, economic, institutional, and
social; this implied that HEIs could implement lean principles to improve sustainability.
However, the implementation of lean sustainability in higher education is faced with the
unique problem that there are no mutually agreed metrics for institutional efficiency and,
in particular, the lack of metrics for student learning and teaching effectiveness [18].

Several authors have analyzed the relationship between lean principles and sustain-
ability criteria. Taucean et al. [19] explained 12 principles of sustainability, the 12 principles
of lean, and the interaction between lean operation and sustainability criteria in the man-
agement process. Khodeir and Othman [16] examined the interaction between lean and
sustainability principles in the management process and found that lean and sustainabil-
ity development have practically the same agenda in terms of enhancing processes and
stakeholder quality of life, decreasing all forms of waste, monitoring, and self-evaluation
for continuous improvement, and marketing concerns.

Kazancoglu and Ozkan-Ozen [10] conducted a study in a business school at Turkish
HEISs to identify the eight wastes in HEIs and present a model for categorizing wastes
and sub-wastes using criteria and sub-criteria using The Multi-Criteria Decision Making
(MCDM) application. Kazancoglu and Ozkan-Ozen [10] identified 22 sub waste in HEIs
and analyzed their cause—effect relationships. Then, an importance level could be assigned
to each sub waste by assessing cause—effect relationships. This study may be used to under-
stand better the wastes in higher education institutions (HEIs) and the causal relationships
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between them and develop ways to eliminate them. However, this study does not clearly
explain the process of identifying wastes. Undoubtedly, brainstorming or interviews will
reveal many hidden wastes in an HEI. We suggest prioritizing the significant wastes, and
the insignificant wastes will usually be eliminated. Therefore, we propose w-FMEA as a
waste screening instrument by considering its severity, occurrence, and detection.

Some studies have shown how lean principles have been successfully used in HEISs.
Doman [20] conducted a case study to demonstrate that through an innovative and engag-
ing learning experience involving undergraduate students, lean principles and techniques
used in industry may be successfully implemented to improve higher education opera-
tions. Hofer and Naeve [21] showed the case studies of lean principle, i.e., customer focus,
value stream, flow principle, pull principle, and pursue perfection in operational of HEIL
However, the multiple case studies narrated by Hofer and Naeve [21] only focus on lean
thinking in problem-solving. Focusing on a single in-depth case study will provide a
clearer picture of an established method (lean) applied to a new subject (HEI). Nicholson
and Pakgohar [22] used lean principles to solve some of the pressure points for academic
workloads in a university law clinic. The studies have applied lean principles in HEI to
evaluate and design the processes more effectively.

HEIs are now operating in an increasingly complex and challenging situation [20] as
they have to meet growing student demand and the continuous organizational improve-
ment it entails [21]. Educational institutions are now facing unprecedented competition
for students, research funds, prestige, quality ratings, incubated companies, fundraising,
academicians, skilled workers, and so on [9]. There are specific conflicting goals for service
providers with customers inside and outside HEIs [22]. Globalization has also encouraged
HEIs to constantly develop robust quality-assurance systems for faculty improvement,
research funding, and academic and technological programs. These have motivated HEIs to
redesign their business processes to reduce administration overheads and improve services
for stakeholders [21].

Similar to the application in other industries, the goal of lean practices in HEIs is
to add value without wasting resources [23]. If it is applied correctly, lean practices will
eliminate waste—making processes more efficient and delivering better values to customers
of HEIs—with core processes covering teaching-learning, research, and dissemination of
new knowledge and information [22]. However, It is necessary to define waste and how
they are interconnected to identify and eliminate the root causes [10].

Previous studies have identified lean wastes in HEIs by adapting the conceptual wastes
in the manufacturing industry. Some identified seven types of waste, others eight [24].
The former was postulated by Narayanamurthy et al. [25], but then the categories were
cut down into six, i.e., motion, waiting, overproduction, over-processing, defect, and re-
work. The latter was coined by Anthony et al. [26], with the eight categories being excess
motion, excess transportation, underutilized human resource, inventory, defects, overpro-
duction, waiting, and over-processing. Hartanti et al. [27] then conducted a systematic
literature review and concluded that there are nine types of waste: excess motion, excess
transportation, underutilized human resource, inventory, defects, overproduction, waiting,
over-processing, and excess information.

Wastes such as the above may cause system failures that lead to discontent for a
set of customers inside and outside HEIs. Therefore, HEIs must implement good risk
management from the outset and throughout the systems. In risk management practice,
risk analyses are needed to investigate and estimate the impacts and consequences of risks
and comprehend the nature, sources, and causes. Failure Mode and Effect Analysis (FMEA)
is a valuable risk management tool to identify potential system failures and assess the
causes and effects, thereby preventing them from occurring [28]. FMEA is used in the
review process or decision-making in a product or system design to improve safety and
reliability [29]. The FMEA steps are as follows: (1) selecting a process; (2) designing a
multidisciplinary team; (3) gathering and organizing information; (4) conducting a hazard
analysis; (5) developing and implementing actions; (6) measuring the outcome [30]. The
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risk for each element is expressed as Risk Priority Number (RPN) and calculated as a
product of severity (S), occurrence (Oc), and detection (D) [31]. Because FMEA in this study
is employed to identify waste, the term w-FMEA is used. Then, RPN is also translated
as Waste Priority Number (WPN). The WPN will rank the impact of each waste based
on the S, Oc, and D.

After finding the rank of each waste, ISM will then be used to examine the relationship
of the influential wastes so that a solution can be proposed. The hypothesis proposed
in this study is that waste identification and waste mapping will provide insights that
lead to the discovery of practical solutions to ensure the sustainability of an HEI. ISM is
a qualitative tool to understand the complex interrelationships between elements [32,33].
ISM is frequently used to understand complex problems and build an action plan to resolve
complex issues [34]. ISM describes how aspects are related to one another and discovers
the pattern among the elements [33]. Elements in this research are the identified wastes in
the HEIL The analysis of ISM is usually integrated with MICMAC [35]. MICMAC cartesian
diagram will group each waste into four quadrants (autonomous, linkage, driver, and
dependent) based on its driving power and dependencies. With MICMAC analysis, a more
comprehensive waste analysis can be generated.

Sustainability in HEIs

Nawanir et al. [13] divided lean practices in HEIs into seven categories: waste identifi-
cation, work standardization, level and balance workloads, built-in quality, pull system,
multifunctional employees, and continuous improvement. Lean practices in HEIs as a
systemic approach play an important role in sustainability because of their potential effect
on sustainability performance. The primary purpose of lean principles is to maximize
stakeholder value and eliminate all waste to optimize the entire process [18,19]. Applying
lean principles in HEI can improve student satisfaction.

HEIs are a good candidate for lean and sustainable practices [18]. In the last few
years, there have been many studies on successful sustainable development in HElISs,
e.g., [13,15,17,36,37]. Aleixo et al. [15] pointed out five sustainable development activities
in HEIs—education, research, campus operations, community outreach, and raising aware-
ness in the community—that need communication and coordination with the different
stakeholders. These circumstances triggered waste in day-to-day activities related to many
cross-functional or departmental processes, so it requires more time or steps.

The aims of this study are (a) to assess waste in HEIs based on lean principles and
even their potential effect on sustainability; (b) to establish the relationship among wastes;
(c) to develop a structural model using ISM; (d) to carry out the MICMAC analysis. By
identifying the critical wastes, HEIs can focus on developing strategies for waste minimiza-
tion and improving the quality of HEIs. The results of this study exemplified priorities for
HEISs to start the utilization of lean practices as well as define actions to reduce the most
critical wastes and practice sustainable development in HEIs.

2. Materials and Methods

The case study was conducted in the Faculty of Engineering (FE) and Faculty of
Teacher and Training Education (FTTE) in an HEI in Surabaya, Indonesia. This case was
selected using the availability sampling technique. The first phase was to define the types
of waste categorized into eight groups: defects, overproduction, waiting, non-utilized
talent, extra transportation, excess inventory, excess motion, and extra processing.

The second phase was developing risk prioritization of each waste based on the FMEA
technique adopted from de Souza and Carpinetti [38]. This technique is called w-FMEA.
The w-FMEA technique starts by determining the potential failure and effect, then the
severity of each effect is determined by giving a rating from 1 (low risk) to 10 (maximum
severity). After that, the potential causes are identified, and their potential occurrence
is determined by giving a rating from 1 (rare) to 10 (very high). The detection value is
measured by rating from 1 (very effective) to 10 (very ineffective). WPN was calculated
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by multiplying the S, Oc, and D, based on the equation for calculation RPN [37]. The
head of department and faculty completed the S, Oc, D scoring. In 2021, the population of
department heads was sixteen in FE and FTTE. Sixteen department heads in FE and FTTE
were asked to complete the questionnaire.

The third phase is to employ ISM in developing a risk source hierarchy that will
support the decision-making process to eliminate each waste mode. ISM is conducted by
following the steps developed by [39] as follows:

1.  Steps 1: An expert panel examined the contextual relationship among waste modes
from the WPN score identified in the first phase. The judgment was conducted
to construct the contextual links among the elements/variables of interest. Four
separate symbols (V, A, X, and O) were used in the ISM technique to characterize the
relationship between each pair of variables of interest:

V: attribute i determines attribute j;

A: attribute i is determined by attribute j;
X: attributes i and j determine each other;
O: attributes i and j are unrelated.

2. Step 2: A Structural Self-Interaction Matrix (SSIM) is developed for the waste modes.

3. Step 3: The SSIM creates an initial reachability matrix, verified for transitivity to
become a final reachability matrix. The initial reachability matrix is a binary matrix
that is created by replacing V, A, X, or O with one or zero using the standard rules
found in the ISM [40]:

a.  If the (i, j) entry in the SSIM is V, then entry (i, j) in the reachability matrix is set
to one, while entry (j, i) is set to zero.

b.  Ifthe (i, j) entry in the SSIM is A, then entry (i, j) in the reachability matrix is set
to zero, while entry (j, i) is set to one.

c. If the (i, j) entry in the SSIM is X, then both the (i, j) and (j, i) entries in the
reachability matrix are set to one.

d. If the (i, j) entry in the SSIM is O, then in the reachability matrix, both entries (i, j)
and (j, i) are set to zero.

The final reachability matrix was created by applying the transitivity property
based on the initial reachability matrix.

4. Step 4: The final reachability matrix obtained in Step 3 is partitioned into different
levels and then interpreted.

5. Step 5: The final reachability matrix obtained in Step 3 also becomes the basis for
constructing a MICMAC Cartesian diagram to enrich the interpretation.

3. Results
3.1. Waste Modes in the HEI

This study used w-FMEA, which concentrates on identifying waste categories in an
HEI and defining priorities for waste category elimination [38]. The initial phase defines
the types of waste collected from FE and FTTE lectures. In this phase, 46 waste modes were
found, covering eight categories (Table Al): defects, overproduction, waiting, non-utilized
talent, extra transportation, excess inventory, excess motion, and extra processing. In total,
46 waste modes in HEI were obtained based on academicians’ opinions of lecturers and
department heads.

The application of w-FMEA has led to identifying the waste modes, evaluation
of severity, occurrence, detection, and calculation of WPN, as presented in Table A2.
Table A2 presents a qualitative and quantitative description of the cause-and-effect analy-
sis, the occurrence score, detection score, severity score, and WPN. A questionnaire was
distributed, and the heads of departments and faculties were asked to give S, Oc, D scores.
The application of w-FMEA resulted in the WPN of waste modes. The waste modes listed
in Table A2 were ranked according to WPN to identify critical waste modes. This study
identified eighteen critical waste modes, as presented in Table 2. Eighteen waste modes



Sustainability 2022, 14, 4348

6 of 18

have been identified as critical waste in the HEI: 180, 23W, 30NT, 1D, 11D, 20W, 39E, 19W,
41E, 140, 331, 27W, 29NT, 4D, 6D, 21W, 25W, and 28N.

Table 2. Critical Waste Modes.

Code WPN Rank Code WPN Rank
180 67.5 1 140 24 10
23W 66 2 331 24 11

30NT 54 3 27W 22.5 12

1D 36 4 29N 20 13
11D 36 5 4D 18.75 14

20W 31,5 6 6D 18.75 15
39E 31,5 7 21W 18 16
19W 30 8 25W 18 17
41E 28.1 9 28N 16 18

After identifying the critical wastes based on the WPN scores in the HEI and under-
standing the relationship among waste modes, the present study creates the ISM.

3.2. Applying ISM Technique in the Case Study

The SSIM was created by establishing contextual relationships among the waste
modes and their direction. Four symbols (V, A, X, and O) have been used, and each
symbol represents a particular relationship dependent on the direction. Based on the
contextual relationship, the SSIM matrix has been consistently established and is provided
in Table A3. After establishing the SSIM, the next step was to develop an initial reachability
matrix. SSIM is transformed by replacing each cell entry of SSIM with one and zero to
construct an initial reachability matrix. The initial reachability matrix is shown in Table A4.
The initial reachability matrix was checked for transitivity, where relationships are made
on assumptions. The final reachability matrix is shown in Table A5. After that, each
attribute’s reachability and antecedent set were further developed as the next logical step
in applying ISM.

Level partitions are being developed to determine the hierarchy among the waste
modes based on reachability set, antecedent sets, and the intersection of reachability set
and antecedent set. The reachability set is a column of waste modes with a value of one for
all waste modes in row i of the final reachability matrix. The antecedent set is a set of waste
modes in a row with a value of one in j of the final reachability matrix. Through a series
of iterations, the waste modes were grouped into various levels. Results of the iteration
process are presented in Table 3. The final step in applying the ISM technique is to identify
and assess each determinant’s driving and dependent powers (attribute) of interest using
MICMAC analysis. By grouping the waste modes into clusters, MICMAC helps minimize
the scale of some complicated issues, making them more manageable and discovering
hidden linkages between diverse waste modes. Following the MICMAC analysis procedure,
Figure 1 depicts the driving power and dependence diagram for the determinants of waste
modes, with the identified determinants placed into the appropriate quadrants based on
the driving power and dependence values available in the final reachability matrix. The
MICMAC analysis has divided the determinants into four clusters, which are:

1.  Autonomous determinants or the first quadrant that includes waste modes with weak
driving power and weak dependence: 41E, 331, 25W, 19W, 11D, and 6D;

2. Dependent determinants or the second quadrant that includes waste modes with
weak driving power but strong dependence: 29N, 21W, 20W, and 4D;

3. Linkage determinants or the third quadrant that consists of waste mode with solid
driving power and strong dependence: 30N, 1D, 180, and 39E;

4. Driver determinants or the fourth quadrant include waste mode with strong driving
power but weak dependence: 23W, 140, 27W, and 28N.
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Table 3. Hierarchy Level.

Level Waste Codes Reachability Set Antecedent Set Intersection
19W 8 1,3,4,7,8,10,12,1 8
41F 9 9 9
Level 1 331 1 11 11
eve 29N 13 1,2,3,/4,6,7,10,12,13,15,18 13
21W 16 1,2,4,5,7,10,12,14,15,16,18 16
25W 17 2,5,7,14,17,18 17
Level 2 180 1,3/4,6,7,14,15,18 1,2,3,4,6,7,10,12,14,15,18  1,3,4,6,7,14,15,18
eve 20W 1,3,4,6,7,18 1,2,3,4,6,7,10,12,14,15,18 1,3,4,6,7,18
Lovel 3 4D 47,12,14 2,3,45,7,12,14,18 4,7,12,14
eve 6D 3,15 2,3,4,7,12,15,18 3,15
Level 4 30N 3,10,18 2,3,4,7,10,12,18 3,10,18
Lovel 5 1D 4,7 2,4,7,10,12,18 47
eve 39E 4712 24,7,10,12,18 4712
Level 6 140 10,18 10,18 10,18
eve 27W 12 2,5,12,18 12
11D 5 25 5
Level 7 28N 18 18 18
Level 8 23W 2 2 2
18
17
16
15
14 * 28N
13 e 23W
12 e 39E
| .,
§ . . 2TW * 180
0 10 * 140 *» 1D
o,
o 9 2 30N
E 8 4D
g 7 e 20W
6 * 6D
5 « 11D
4
2
1 * 41E, 33| *25W  *19W e 29N, 21W
0
0 1 2 3 4 5 6 7 8 B 10 " 12 13 " 15 16 17 18

Dependence

Figure 1. MICMAC Cartesian Diagram.

This study’s findings are summarized in Table 4.
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Table 4. Study’s Findings.

Focus Findings

180; 23W; 30N; 1D; 11D; 20W; 39E; 19W; 41E; 140; 331; 27W;

Critical Waste Modes 29N 4D; 6D; 21W: 25W; 28N
Autonomous determinants: 41E, 331, 25W, 19W, 11D, and 6D;
MICMAC analysis Dependent determinants: 29N, 21W, 20W, and 4D;

Linkage determinants: 30N, 1D, 180, and 39E;
Driver determinants: 23W, 140, 27W, and 28N.

4. Discussion

In the manufacturing sector, lean implementation has proved quite successful as it re-
duces waste and increases efficiency. This success encourages another sector to implement
lean principles to improve the quality of its services. In the recent decade, lean princi-
ples have become a methodology for development in various sectors, including higher
education [41]. HEIs are seeking new methods to stay competitive in an ever-changing
world. This means going above and beyond the competitors in terms of education and
service and keeping expenses reasonable. In higher education, sustainable development is
a critical concern. As a systematic approach, lean principles in HEIs play a significant role
in sustainability.

Lean principles are relevant to be applied to HEIs, taking into consideration of
their application, especially regarding the distinctive attributes of service operations.
Hess and Benjamin [42] used lean principles in the university to improve processes in
curriculum delivery, business and auxiliary services, admissions and enrollment manage-
ment, and research. They found that the key to successful implementation in a university
setting is to avoid a top-down approach instead of focusing on faculty involvement in the
design and implementation of the lean methodology. Cudney et al. [43] found that in lean
implementation, engaging internal and external customers and emphasizing the value of
direct involvement, stakeholders” commitment, and participation can improve quality and
decrease waste in learning, teaching, and administration.

In lean principles, the different categories of waste are overproduction, over-processing,
waiting or delay, motion waste, excess inventory, waste talent, transportation, and defect
or reworking [44]. In the manufacturing sector, each waste form is defined as follows:
overproduction refers to products for which there is no demand; over-processing refers to
unnecessary production line processes; waiting may occur as products, waiting in queues
or delays that keep employees waiting; motion waste refers to unnecessary movements
of workers; transportation waste means unnecessary traffic in the manufacturing area;
inventory waste may be a shortage and excessive stocking of raw materials or finished
goods; defects refer to avoidable production of defective products, and talent waste refers
to the non-use of workers’ abilities or skills [10]. Because the eight categories of waste refer
to the manufacturing sector, they must be adapted to the context of HEIs [10,25,26,42-46].
Kazancoglu dan Ozkan-Ozen [10] investigated eight wastes in HEIs by proposing a multi-
stage model. They are classified into overproduction, over-processing, waiting, motion,
transportation, inventory, defects, and talent. Douglas et al. [26] classified wastes as
overproduction, over-processing, waiting, motion, transportation, inventory, defect, and
underutilized people. The examples of waste modes in HEI are shown in Table A1, which
are briefly described as follows:

e A defectis defined as an error in the process or service support requirements. Such
wastes are the lecturer having trouble finding a file, typographical mistakes, and
making mistakes in learning materials and preparation.

o  Overproduction occurs when doing services that do not need or earlier than scheduled.
Such as wastes are lecturers printing too many copies of materials, the teaching load is
too much to handle, and the lecture adds extra hours to accomplish their work.
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e  Waiting is defined as delays in a process. For example, the lecturer takes a long time
to respond to messages and questions from students, waits in a meeting, the lecturer
misses a deadline for submitting reports.

e  Non-utilized talent represents inappropriate work allocation or non-use of lecturer /staff
abilities or skills. The lecturer exemplifies non-utilized talent is given a task that is
outside of their area of competence, and the lecturer does not do research or community
services every semester

e  Extra transportation is defined as unnecessary traffic in HEIs areas. For example, when
distributing documents/files across work units, the lecturer makes mistakes.

e  Excess inventory represents goods or services that are no longer required to meet
current needs. Examples of excess inventory in HEIs are the lecturer storing too many
documents and the lecturer hoarding office stationery.

e  Extra motion or unnecessary movement: This waste occurs when lecturers or staff
have to spend more time/energy to provide a service. Consider the examples such
as the distance between classrooms and office/workspace is far, and the lecturer’s
workplace is always disorganized.

o  Over-processing or doing more work than required. Such as waste are the lecturer
spends a significant amount of time locating documents, files, and journals, informa-
tion is received through various channels (WhatsApp, email, hard copy, etc.), repeat-
edly posting the same information or announcement. Underutilization of a highly
talented and educated lecturer/staff is common in education; furthermore, the discon-
nection between stakeholders in education prevents real learning for change [44].

The FMEA approach has been widely used in analyzing failure modes and their
effects on product/service quality because it can assist manufacturers/service providers in
identifying product/service failures/defects, as well as the severity levels of those failures
and their impacts on related stakeholders and business performance [47]. In this study,
waste modes that have been identified were ranked based on WPN. The WPN values were
between 3 and 67.5. There were eighteen waste modes as critical waste, as shown in Table 2.

According to the result of w-FMEA, a structural model was developed. The model
was built regarding the ISM technique, consisting of eight levels. The structural model at
the end of the ISM reveals the interrelationships between numerous aspects, their depen-
dency/independence, and the level of each element [48]. Table 3 presents the hierarchy
level of waste modes. The waste mode at level eight is the one that has an impact on the
waste modes at the higher levels. As a result, the waste elimination procedure will begin
at level eight and progress to level one. From the model developed with the identified
waste modes in this study, it is clear that the most critical waste mode is repairing facilities
that take a long time, which comes as the base of the ISM hierarchy. The facilities are an
essential part of teaching and learning activities. If the facility is damaged and fixing it
takes a lengthy time, it has the potential to generate other waste modes. The instructor
takes a long time to respond to messages and questions from students, and information
is received through a variety of channels (WhatsApp, email, hard copy, etc.); the lecturer
uses the same exam questions from the previous year; the lecturer does not do research
every semester; lecturers are late for meetings; the lecturer waiting for students to enter
class, which is dependent on other waste modes have appeared on the top hierarchy.

The developed eight-level ISM model is further analyzed using MICMAC analysis
based on each determinant’s driving and dependence power (attribute) of interest. The
determinants are categorized into autonomous, dependent, linkage, and driver determi-
nants. The dependence and the driving power of waste modes are shown in Figure 1.
Table 5 provides more details about determinants and their characteristics.
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Table 5. Determinants and their characteristics.

No Clusters Characteristic Driving Power Dependence Waste Modes

The autonomous waste modes are
relatively disconnected from the

1 Autonomous system. These waste modes have Weak Weak 41E, 331, 25W, 19W, 11D,
determinants weak driver and dependent and 6D
powers, and they are located
nearest to the origin [49].
Dependent These waste modes are the
2 d . automatic followers of other Weak Strong 29N, 21W, 20W, and 4D
eterminant
waste modes [48].
These waste modes are unstable
Linkage because any action they perform
3 deterriinants has a feedb};ck effect oz Ew other Strong Strong 30N, 1D, 180, and 39E
waste modes [48,49].
The major drivers of
implementation are these waste
4  Driver modes [48]. The head of Strong Weak 23W, 140, 27W, and 28N
determinants departments must pay close

attention to these waste modes to
gain immediate results.

Based on the developed ISM model and MICMAC analysis, mitigating actions for
minimizing waste modes are being proposed, such as:

1.  Department heads should allocate an adequate workload of lecturers. This helps
lecturers in resolving the waste modes, namely, every semester, the teaching load is
too much to handle (140); working outside of regular business hours to complete
administrative tasks (180); the lecturer misses a deadline for submitting reports (20W);
the lecturer does not do research every semester (29N); lecturers do not participate in
community service every semester (30N).

2. Proper planning is required to ensure the adequate availability of resources. This helps
in eliminating waste modes such as lecturers altering the course schedule (4D); the
connection wire for the projector being broken (11D); repairing a facility taking a long
time (23W); the lecturer being given a task that is outside of their area of competence.
(28N); the same exam questions from the previous year are used by the lecturer (33I).

3.  Coordination and communication between the academicians must be open and trans-
parent. This helps in mitigating waste modes; namely, the lecturer conducts a re-
examination of the students (6D); the instructor takes a long time to respond to mes-
sages and questions from students (19W); lecturers are late for meetings (21W); the
lecturer waiting for students to enter class (25W); students fail to submit assignments
on time (27W); information is received through a variety of channels (WhatsApp,
email, hard copy, etc.) (41E).

4. Training and workshops help lecturers develop a solid commitment to their work.
This helps mitigate the waste modes; namely, the lecturer is having trouble finding a
file (1D); The lecturer spends a significant amount of time locating documents, files,
and journals (39E).

This paper shows that identification wastes have massive potential for lean in HEIs for
HEIs sustainability and develop propositions for future studies. Furthermore, this research
outlines mitigating strategies for minimizing waste modes in HEISs.
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5. Conclusions

The lean principle is a concept for improving systems and maximizing value. Lean
has its origin in the private sector generally and the manufacturing sector particularly. It
has been proven effective in strengthening operation systems in various sectors, including
higher education. It is acknowledged that there is a significant difference between the
manufacturing sector and HEIs sectors in terms of system, process, and product.

HEIs can be thought of as a collection of systems and processes. HEIs are organized
around academic and non-academic departments and implement process management
techniques to deliver the output that should meet student satisfaction. There is, for example,
a registration process, an administration process, a financial process, and a teaching and
learning process. Many functions in HEIs cut beyond functional and departmental bound-
aries. The product of HEISs is intangible and difficult to quantify because it is reflected in
the transformation of individuals in their knowledge, character, and attitude. There is a
fundamental concern of HEIs regarding the level of knowledge and skills graduates are
legitimately supervised by academics.

The first step to implementing lean principles is understanding what value is and
what activities and resources are vital to achieving it. Value and flow must be established
according to the processes and circumstances of the HEI's system to implement lean
principles. Waste reduction and increased efficiency have been identified as critical goals
of lean principles in HEIs. There is a gap in the literature regarding the eight waste types
in HEIs and a lack of specific definitions for these wastes. This study is to add to the
literature by first providing explicit definitions of the eight wastes in HEIs before proposing
a model based on these wastes. This study presents a combination of well-established
methodologies, i.e., w-FMEA and ISM.

The actual results extracted from the w-FMEA analysis during Phase 1 were potential
failure modes, their effects, and their causes. Regarding the FMEA analysis, 18 waste modes
have been identified as critical wastes in the HEI.

In Phase 2, the ISM technique was applied to identify and assess each waste mode’s
driving and dependent powers using the MICMAC analysis. The integrated ISM-MICMAC
model was created to provide the relevance of waste elimination as part of routine services
operations in HEISs.

Information is received through a variety of channels (WhatsApp, email, hard copy, etc.);
the same exam questions from the previous year are used by the lecturer; the lecturer waiting
for students to enter class; the instructor takes a long time to respond to messages and
questions from students; the connection wire for the projector is broken; the lecturer conducts
a re-examination of the students have been identified as autonomous determinants.

Meanwhile, the dependent determinants are: The lecturer does not do research every
semester; lecturers are late for meetings; the lecturer misses a deadline for submitting
reports; lecturers alter the course schedule.

Also, the linkage determinants are that lecturers do not participate in community
service every semester; the lecturer is having trouble finding a file; working outside of
regular business hours to complete administrative tasks; the lecturer spends a significant
amount of time locating documents, files, and journals.

Finally, the driver determinants are: facility repairs take a long time; every semester,
the teaching load is too much to handle; students fail to submit assignments on time; the
lecturer is given a task that is outside of their area of competence.

The limitation of the study should be pointed out in obtaining data. This study is a
preliminary study with a sample size of two faculties in HEI. A small sample led to the
results of this study may not be generalizable, but coherent and comprehensive writing
allows this study to be transferable in similar cases with minor modifications. Therefore,
this study should be seen as the first step in a broad set of other studies integrating lean
implementation and sustainability in HEIs. Future studies are needed to expand data
using all scope of HEI, compare lean principles implementation between HEIs, and find
pathways for lean principles to be augmented with sustainability pillars in HEISs.



Sustainability 2022, 14, 4348

12 0f 18

This study is expected to help academicians and practitioners understand HEI's waste
types by listing the critical wastes, mapping their interrelationship, identifying the driving
power and dependence, and proposing mitigation actions. It will also contribute to the
growing body of literature highlighting the wastes in HEI.
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Appendix A

Table Al contains 46 waste modes, covering eight categories: defects, overproduction,
waiting, non-utilized talent, unnecessary transportation, excess inventory, excess motion,
and extra processing.

Table Al. Waste modes in the HEI.

No. Waste Category Waste Mode Code
The lecturer is having trouble finding a file 1D
Entering an incorrect classroom 2D
The lecturer fails to notify the class on absence/cancellation on the due date 3D
Lecturers alter the course schedule 4D
Making mistakes inputting grades into the academic information system 5D
The lecturer conducts a re-examination of the students 6D
1 Defects The lecturer finds documents inaccessible 7D
The lecturer finds teaching materials that are unable to be opened 8D
Typographical mistake 9D
Making mistakes in learning materials and preparation 10D
The connection wire for the projector is broken 11D
Insufficient exam question papers 12D
Lecturers prints too many copies of materials, question papers, journals, and handouts 130
Every semester, the teaching load is too much to handle 140
5 Overproduction Outside of the schedule, lecturers add extra hours 150
There is an excessive amount of information/announcement disseminated 160
The department has an excessive number of lecturers 170

Working outside of regular business hours to complete administrative tasks 180
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Table Al. Cont.

No. Waste Category Waste Mode Code
The instructor takes a long time to respond to messages and questions from students 19W
The lecturer misses a deadline for submitting reports 20W
Lecturers are late for meetings 21W
When a class is rescheduled, the lecturer must wait until the following week 22W

3 Waiting Repairing a facility takes a long time. 23W
The lecturer is looking forward to the meeting when the results of the teaching tasks AW
are determined
The lecturer waiting for students to enter class 25W
The lecturer waits for students to finish collecting exam responses 26W
Students fail to submit assignments on time 27TW
The lecturer is given a task that is outside of their area of competence 28N

4 Non-Utilized Talent The lecturer does not do research every semester 29N
Every semester, the lecturer does not participate in community service. 30N

5 Extra Transportation When distributing documents/files across work units, the lecturer makes mistakes 31T
The email is saved as a draft by the lecturer 321
The same exam questions from the previous year are used by the lecturer 331

6 Excess Inventory The lecturer stores too many documents 341
The lecturer hoards office stationery 351
During operating hours, class facilities are not utilized 361

. The distance between classrooms and office/workspace is far 37M

7 Extra Motion , . . .

The lecturer’s workplace is always disorganized

The lecturer spends a significant amount of time locating documents, files, 39E
and journals

The lecturer inputs student scores into various systems multiple times 40E
Information is received through a variety of channels (WhatsApp, email, A1E
hard copy, etc.)

8 Extra Processing Repeatedly posting the same information or announcement 42E
The lecturer goes over the same files (exam answers, theses, correspondence, 43E
and so on) several times
The lecturer double-checks the teaching materials regularly 44E
The lecturer repeatedly teaches the same topic 45E
The lecturer attends/creates discussion with the same topic over and over 46E

Appendix B
Table A2 presents a qualitative and quantitative description of cause-and-effect analy-
sis, the occurrence score, detection, severity, and WPN.
Table A2. w-FMEA in the HEL
Code Cause Oc D Effect S WPN
It is difficult to accomplish work that

1D Improper filling system 3 3 requires these documents, and it is a waste 4 36

of time

2D Wrong information or teacher is in a hurry 1 1.5 Come in late for class 2 3

3D The lecturer has an urgent task/need 2 2 Students n.eed to walt; the lecture 3.5 14

is unfinished

4D The lecturer has an urgent task/need 2.5 2.5 Rescheduling or the new 3 18.8

schedules overlapping
5D Careless and no recheck 1.5 2 Disappointed students 3 9
Requiring additional time for re-examination

. 3 18.8

and answer checking
7D Corrupted file 2 2 Unable to use dpcuments or late in 35 14
downloading documents
Class does not run well, or material is
not covered

6D The student does not pass the passing grade 2.5 2.5

8D Insufficient material preparation 2 2
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Table A2. Cont.

Code Cause Oc D Effect S WPN
9D Mi . . Mistakes in recapitulating or
istakes in making syllabus documents 15 15 . . 2.5 5.625
calculating honorarium
10D Insufficient material preparation 1 2 Learning outcomes are not achieved 4 8
11D Poor inspection and maintenance 3 3 Class starts late 4 36
12D Careless and no recheck 2 2 The test does not go well 3 12
130 Miscalculating the number of manuscripts 2 2 Manuscripts are redundant and unused 2 8
140 Unbalanced proportion of teaching and 3 5 Lecturers only focus on teaching, not 4 o4
other duties doing others
150 The lecture’s plan is not running well or the 2 2 Lecturers and students add lecture time 2.5 10
students ask for additional classes
160 Lack of coordination 2 2 Excessive printing/spreading of 2 8
information/announcements
170 Lack of planning for lecturer needs or the 1 2 The teaching potential of lecturers cannot 2 4
number of students is dropping be utilized
180 Poor time management or too many lecturers 5 3 The main activity of the lecturer is disrupted 4.5 67.5
19W The message is received after office hour, or 4 3 Students waiting for replies from the lecturer 2 24
message is not answered
20W Lack of time management or the lecturer forgets 3 3 Inhibiting the process flow 3.5 315
the schedule
21W Lack of commitment 3 2 Coming in late to meeting 3 18
22W The previous class finishes late 2 2 Coming in late to the next class 3 12
23W Maintenance is poor; technician is not available 5.5 3 Facilities cannot be used when needed 4 66
24W The schedule is too full 2 2 The lecturer is late in preparing materials 35 14
25W Students are not on time 3 3 Class starts late 2 18
26W Insufficient exam time 3 2 Exams cannot be finished on time 2 12
27TW Students are unable to manage time 3 2.5 Poor grades 3 22.5
28N Deploying lecturers with the wrong expertise 2 2 Students competence cannot be achieved 4 16
29N Lecturers are not capable of doing research 2 2.5 Lecturers cannot fulfill their obligations 4 4
30N Lecturers are not capable of doing 4 3 Lecturers cannot fulfill their obligations 4.5 54
community service
31T Careless in doing administrative tasks 2 2 Documents arrive late 3.5 14
321 Urgent task/need 2 2 Email is not sent 3 12
331 Needed as references for preparing courses 6 2 Meets memory capacity 2 24
341 Printing or duplicating too many materials 2 3 Waste of material and using up storage space 2 12
351 Purchase or request does not match the need 2 2 Waste of budget and storage space 2 8
361 Inadequate facility utilization planning 2 2 Overbudgeting 2.5 10
37M The layout of space and building is not efficient 2 15 Requires more time and energy 2 6
38M Inconsistent organization or a lack of facilities 3 2.5 Uncomfortable workspace 2 15
39E Improper filling system 3 3 Takes more time 35 315
40E Unintegrated system 2 2.5 Wasting time 3 15
41E Unintegrated system 45 2.5 Wasting time and budget 2.5 28.1
42E Lack of coordination 2 2 Wasting time and energy 2.5 10
43E Error checking/correcting previous files 2 2 Wasting time and energy 3 12
44E Not ready in preparing teaching materials; or 2 2.5 Wasting time and energy 3 15
add new information in teaching materials
45E Poor course planning or low student 2 25 Lecture material is not finished 3 15
acceptance rate
46E Inappropriate arrangement of the 2 2 Lecture material is not finished 3 12

meeting agenda

Appendix C

Table A3 presents the SSIM matrix. Table A4 presents initial reachability matrix. The
final reachability matrix is shown in Table A5.



150f18

Sustainability 2022, 14, 4348

Table A3. The Structural Self-Interaction Matrix (SSIM).

Waste
Modes

27W 29N 4D 6D 21W 25W 28N

331

19W 41E 140

11D 20W 39E

1D

180 23W 30N

]
180
23W

30N

1D
11D
20W
39E
19W
41E
140
331
27W
29N
4D
6D
21W
25W
28N

Table A4. Initial Reachability Matrix.

Waste
Modes

27W 29N 4D 6D 21W 25W 28N

331

19W 41E 140

11D 20W 39E

1D

180 23W 30N

i
180
23W

30N

1D
11D
20W
39E
19W
41E
140
331
27W
29N
4D
6D
21W
25W
28N
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Table A5. Final Reachability Matrix with Driving Power and Dependence.

Waste .
Modes J
i 180 23W 30N 1D 11D 20W 39E 19W 41E 140 331 27W 29N 4D 6D 21W 25W 28N Sum
180 1 0 1 1 0 1 1 1 0 0 0 0 1 1 1 1 0 1 11
23W 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 13
30N 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 0 0 1 9
1D 1 0 1 1 0 1 1 1 0 0 0 0 1 1 1 1 0 0 10
11D 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 1 1 0 5
20W 1 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 1
39E 1 0 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 0 12
19W 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
41E 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
140 1 0 1 1 0 1 1 1 0 1 0 0 1 0 0 1 0 1 10
331 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
27W 1 0 1 1 0 1 1 1 0 0 0 1 1 1 1 1 0 0 11
29N 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
4D 1 0 0 1 0 1 1 0 0 0 0 1 0 1 0 1 1 0 8
6D 1 0 1 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 6
21W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
25W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
28N 1 0 1 1 0 1 1 1 0 1 0 1 1 1 1 1 1 1 14
Sum 11 1 10 9 2 11 9 8 1 3 1 6 11 9 8 11 6 5
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