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education sciences Article Identification and Prioritization of Lean Waste in
Higher Education Institutions (HEI): A Proposed Framework Ig. Jaka
Mulyana 1,2 , Moses Laksono Singgih 1,* , Sri Gunani Partiwi 1 and
Yustinus Budi Hermanto 3 1 Department of Industrial and System
Engineering,_Institut Teknologi Sepuluh Nopember, Surabaya 60111,
Indonesia 2 Industrial Engineering Department, Widya Mandala Surabaya
Catholic University, Surabaya 60114, Indonesia 3 Management
Department, Darma Cendika Catholic University, Surabaya 60117,
Indonesia * Correspondence: moseslsinggih@ie.its.ac.id Abstract: Waste in
HEIs is difficult to identify, so identifying and prioritizing waste is
challenging. This research aims to develop a framework within which to
identify and prioritize waste reduction in HEIs. The novelty of this study is
that it analyzes and prioritizes waste in HEI from the perspective of four
stakeholders in teaching, research, and community services, as well as
supporting activities. The process of waste identification was undertaken
via observation and literature review, while prior- itization of waste was
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based on the criticality level of waste (CLoW). Determining the criticality
level of waste (CLoW) consists of two stages: the first stage is calculating
waste scores using questionnaires from students, lecturers, and education
staff; the second stage is calculating the critical level of waste using a
qguestionnaire from HEI leaders and analyzing it with fuzzy methods. This
study identified 59 types of waste and grouped them into eight types:
over-production, over-processing, waiting, motion, transportation,
inventory, defects, and underutilization talent. Waste occurs in three HEI

activities: teaching, research, community service, and supporting
activities. The results also show the priority order of waste reduction and
proposed improvements to reduce waste. This study offers a practical
contribution to the management of HEIs to identify and prioritize waste
reduction. The theoretical contribution of this study is that it fills the
research gap of waste reduction prioritization in all aspects of HEI activities
involving all HEI stakeholders involved in the business process, namely,
students, academics, non-academic staff, and HEI leaders. Citation:
Mulyana,_1.].; Singgih, M.L.; Partiwi, S.G.; Hermanto, Y.B. Keywords:
CLoW; waste priority; LM education; higher education institution (HEI)
Identification and Prioritization of Lean Waste in Higher Education
Institutions (HEI): A Proposed Framework. Educ. Sci. 2023, 13, 137.
https://doi.org/10.3390/ 1. Introduction educsci13020137 Lean
manufacturing (LM) has reduced waste and increased efficiency [1]. LM is
a method for improving quality and efficiency in manufacturing and service
industries [2-4]. Academic Editor: James Albright Initially, LM was
implemented in the automotive industry, then adopted by other industries,
Received: 1 January 2023 including textile, construction, food, medical,
electrical and electronics, ceramic, furniture, Revised: 23 January 2023
and service [5,6]. Lean manufacturing is a management philosophy and
methodology Accepted: 25 January 2023 concerned with the endless
pursuit of eliminating waste [7]. Waste is anything that adds Published: 28
January 2023 cost, but not value, to a product or final customers [8].
Waste was initially recognized in manufacturing as excessive movement,
excessive transportation, waiting time, excess inventory, defective
products, excess production quantities, and excessive processes. Quality
excellence and process efficiency have become very important in
educational Copyright: © 2023 by the authors. institutions [9,10]. Higher
education institutions (HEIs) are continuously challenged to Licensee
MDPI, Basel, Switzerland. meet increasing customer demands; therefore,
many have turned to continuous improve- This article is an open access
article distributed under the terms and ment methodologies to leverage
organizational resources. So, adopting various frameworks conditions of
the Creative Commons as a mechanism for the assurance of quality
education and research outcomes has become Attribution (CC BY) license
(https:// an accepted practice [11]. LM is a suitable methodology for
improving performance and creativecommons.org/licenses/by/ embedding
a continuous improvement culture. LM can be viewed from the perspective
of 4.0/). education as a methodology that enables universities, schools,
and teachers to effectively Educ. Sci. 2023, 13, 137.
https://doi.org/10.3390/educsci1l3020137
https://www.mdpi.com/journal/education and efficiently teach all students
by removing or minimizing_wastes or losses associated with the
educational process [12]. Several higher education institutions (HEI) have
used the LM concept to improve the efficiency of scientific activities by
eliminating waste and activities that do not add value. HEI faces many
challenges and enhances through qual- ity assurance in all its processes
[13]. Eliminating waste and increasing efficiency can increase student
satisfaction and minimize costs [14] as well as leverage its sustainabil- ity
[15]. Sustainability in HEI consists of four dimensions: economic,
environmental, institutional/educational/political, and social/cultural [16].
The significant positive effect of LM on economic performance indicators
(e.g., profitability, profit margin, and return on investment) [17,18].
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Meanwhile, based on studies by Lima, et.al [19], LM reduced cost, made
better use of resources, increased productivity, decreased processing time,
and eliminated documents lost. Waste in HEI can be grouped into
overproduction, over-processing, waiting for time, unnecessary motion,
transportation, inventory, defects, and underutilized people [20,21].
Meanwhile, Kang and Manyonge [22] identified the types of waste and
classified them based on the perspectives of three stakeholders: students,
academics, and non-academic staff. To successfully develop LM, an
organization must identify and prioritize the waste to be reduced [23,24].
According to Klein et al. [25], systematic waste reduction is the goal of LM
implementation, so prioritizing waste reduction is necessary. Furthermore,
systematic identification and waste reduction can increase efficiency,
productivity, and competitiveness. In general, industries that always
eliminate waste in every process benefit from low inventories of semi-
finished goods and finished products, high product quality, increased
flexibility, and the ability to meet customer demands and lower operating
costs [26]. Several researchers have conducted research to determine
waste reduction priorities in the manufacturing [24,26-34] and healthcare
sectors [35]. However, less research is conducted on HEI. Meanwhile,
several researchers have determined the ranking of waste in HEI.
Kazancoglu and Ozkan-Ozen [20] identified and determined the priority of
waste in a business school. In this study, waste priority was determined by
a committee of academic staff using the fuzzy decision-making trial and
evaluation laboratory (DEMATEL). Meanwhile, Klein et al. [25] used the
analytical hierarchy process (AHP) to compare and prioritize waste
between the primary and branch campuses. Nonetheless, the weaknesses
of this study include the subjectivity of the assessment and the use of the
arithmetic average of the assessments made by several directors of the
study center [25]. Another study used the waste relationship matrix
(WRM) [36], failure mode effect analysis (FMEA), and interpretive
structural modeling (ISM) [1] to determine the priority of waste reduction.
The limitation of this research is that it only used academic staff as
respondents from two faculties, and the identification of waste is only in
the teaching and learning process. Further research can be carried out on
other processes and involve all stakeholders [1,36]. Another research
possibility is the identification of waste in online, offline, and hybrid
teaching. Previous research on waste prioritization in HEIs only involved
one stakeholder in one of the activities in HEIs. This article aims to analyze
waste and proposes an alternative method to prioritize waste reduction in
HEI. Prioritizing waste reduction involves many stakeholders such as
students, academic staff, non-academic staff, and HEI leaders. Therefore,
the novelty of this study is that it analyzes waste prioritization in HEI from
the perspective of four stakeholders in teaching, research, and community
services, as well as supporting activities. The remaining_sections of this
manuscript are organized as follows: Section 2 is a literature review of
waste and LM as well as waste in HEI; Section 3 presents a proposed
framework to determine waste reduction priorities in HEI; Section 4
presents results and discussion; and Section 5 presents conclusions. 2.
Literature Review 2.1. Waste and Lean Manufacturing The Japanese
manufacturing industry, especially Toyota, developed the LM concept. LM is
a waste reduction technique that many authors have suggested. The goals
of implementing LM are lower production costs, increased output, and
shorter production times [37]. In practice, LM maximizes product value by
minimizing waste. LM defines the value of a product/service as what is
perceived by the customer [38]. The basic principle of Lean manufacturing
(LM)_is LM thinking. LM thinking_consists of five principles: determining
product value based on customer needs, identifying product value streams
in the process, uninterrupted value flow, pulling information from
consumers (pull system), and pursuing perfection [39]. LM is known as a
waste reduction technique. At first, Taichi Ohno [8] grouped waste into
seven categories: overproduction, over-processing, waiting, transportation,
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unnecessary inventory, unnecessary motion, and defects. Furthermore,
Liker (2004) added the eighth form of waste—unused employee
creativity/talent [20]. The concept of eliminating waste has had a
significant impact on various industries. 2.2. Waste in HEI The application
of LM principles in HEI has resulted in significant improvements. The main
goal of implementing LM is to eliminate waste. Several HEIs have used the
LM concept to improve the efficiency of scientific activities by eliminating
waste and activities that do not add value. HEI faces many challenges and
must improve quality through quality assurance in all its processes [13].
Some researchers categorize waste in HEI into four general categories,
namely, people waste, process waste, information waste, and asset waste
[40]. However, most researchers classify waste as transportation waste,
inventory, motion, waiting, over-production, over-processing, defects, and
the underutilization of people [20,25,36]. There are several wastes in the
daily operations of the teaching, research, administration, finance, and
human resources in the HEI. Moreover, as opposed to a manufacturing
system with tangible results, HEI procedures are less visible, making it
more difficult to spot problems as they arise [41]. Table 1 displays
examples of waste in manufacturing and HEI. Table 1. Examples of
manufacturing waste and HEI. Waste Manufacture HEI Over Production
Production over or before demand Large warehouses of finished goods
Producing more than what is currently needed The workload each
semester is not balanced An excessive number of academic or
administrative units Over Processing Doing something that does not add
value to the customer Use of more resources than the necessary Repeat
approval Repeat checks Implementation of a new program that is not
ready Re-entering data Waiting for the previous process that has not
Waiting been finished. Lack of material, tools, or information Waiting for
document approval, IT system downtime, and searching for files, books,
and documents. Motion People or equipment move more than necessary
Bad workstation organization Movement of students and staff Scattered
campus locations Excessive movement of information, data, and decision
Unnecessary movement of Transportation material in the process
Inadequate layouts Movement of materials such as paper, and repeated
approvals Too many emails attachments The commonly required material
is stored away from the point of use Table 1. Cont. Waste Manufacture HEI
Inventory All components, WIP, and unprocessed finished products
Unneeded items Documents stored too long Filling out different forms with
the same information Defect All product defects Data input error, class not
used Inadequate production processes Incomplete documents
Underutilized People (Talent) Does not use all the capabilities of employees
Lack of time for improvement actions Does not use all the capabilities of
employees Not giving assighnments according to the ability of students,
academics, and non-academic staff Excessive bureaucracy Source:
elaborated by authors based on Douglas et.al. [14], Sanahuja [12], and
Klein et.al. [25]. Academic freedom and autonomy are the challenges to
LM implementation in the HEI context. The university complexity is
increased because the boundaries of academic freedom and diversity are
not clear [25]. 3. Proposed Framework HEI stakeholders include academic
staff, non-academic staff, students, government, industry, and parents
[42]. But in several articles, the ranking of waste in HEI is carried out by
the committee [20], the director of the study center [25], and academic
staff [1,36],. Other several articles identified students as HEI stakeholders
[43-48]. Meanwhile, other re- searchers involved lecturers and students in
their research [49,50], and graduate users [51]. Other research involved
students, academic staff, HEI leaders, and graduate users [52]. Waste
prioritization must involve stakeholders directly involved in HEI's business
pro- cesses. This framework aims to determine waste reduction priorities
in HEI. Figure 1 shows the several stages in the framework. The process of
prioritizing waste involves students, academics, non-academic staff, and
heads of study programs. Prioritizing waste Educ. Sci. 2023, 13, x FOR
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PEER REVIEiWsdetermined based on the criticality level of waste (CLoW)
value, which is calc5uloafte18d through several stages, as follows.
FFigiguurreell..SStataggeessininpprrioiorrititizizininggwwaasstete.. 3.1.
Identification of Waste. Identification of waste through literature review
and direct observation. 3.1. Identification of Waste Identification of waste
through literature review and direct observation. 3.2. Assessment of
Occurrence Level Assessment through a questionnaire by students,
academics, and non-academic staff. Each respondent assesses the
occurrence of every waste by selecting one of the four alter- native
answers consisting of 1 (never occurs), 2 (rarely occurs), 3 (often occurs),
or 4 (very often occurs). 3.3. Waste Score Calculation Based on the results
of the questionnaire, the waste score is calculated and normalized using
Equations (1) and (2) Si = (1nil + 2ni2 + 3ni3 + 4ni4) nil + ni2 +
ni3+ni4 NSi >SiSi 0100 % = Si = waste ith score; nil = number of
answers Never Occurs of ith waste; ni2 = number of answers Rarely
Occurs of ith waste; ni3 = number of answers Often Occurs of ith waste;
ni4 = number of answers Very Often Occurs of ith waste; NSi = normalized
waste ith score 3.4. Assessment of Criticality Scale Waste (1) (2) The
assessment is through a questionnaire filled out by HEI leaders. They
assess the criticality scale of each waste using a Likert Scale which consists
of a value of 1 (very not critical), 2 (not critical), 3 (quite critical), 4
(critical), or 5 (very critical). 3.5. Fuzzy Number Transformation Rensis
Likert (1932) introduced the Likert scale, widely used in survey research.
The popularity of the Likert Scale is due to several things, including its
being easy to modify and compile, easily analyzed by statistical methods,
and having high reliability. However, on the Likert scale, respondents are
forced to choose an option that may be different from their actual choice
[53]. Some academics argue that the answers in the Likert Scale are
ordinal scale data and that the operations of addition, subtraction, division,
and multiplication and the calculation of the mean and standard deviation
cannot be done [54]. Due to the limitations, the questionnaire answers
were analyzed using the fuzzy method; the Likert scale is converted into a
fuzzy number. The fuzzy number used is a triangular fuzzy number (TFN)
because it is easy to understand and calculate, and it can be applied in
uncertain environments [55]. Calculation of critical scale using the fuzzy
method follows the steps below. 3.5.1. Transformation Criticality Scale into
Fuzzy Number Each criticality scale answer is converted into a Triangular
Fuzzy Number (TFN). The TFN value consists of the lowest value (), the
middle value (m), and the highest value (u). Table 2 shows Transformation
into TFN. 3.5.2. Calculate the Average TFN Critical Scale The average TFN
critical scale for each waste is calculated using Equation (3) [55,56] AJag
= Jin=1 A00j (Zin=1 a(j1i),)(Zni=1 a(j2i),)(Zin=1 a(j3i),) n=n (3)i=1,
2,...,n;j=1,2,...,m; Axg = aerage TFN criticality scale jth
waste; Aj = TFN criticaliy scale ith respondent, jth waste; a(jli), =
lowest value (1) of ALj; a(j2i), = middle alue (m) of ALj; a(j3i), =

highest value (u) of ALHj; N = number of the respondent; m = the number
of waste. Table 2. Transformation of criticality scale. Criticality Scale Likert
Scale Fuzzy Number (I, m, u) Very Not Critical 1 (1, 1, 2) Not Critical 2 (1,
2, 3) Quite Critical 3 (2, 3, 4) Critical 4 (3, 4, 5) Very Critical 5 (4, 5, 5)
3.5.3. Defuzzification of TFN The defuzzification formula for TFN using
Equation (4) [56-58]. VALI= (al + 2a2 + a3) 4 \A[1= the crisp number
of ACITFN (al, a2, a3). 3.6. Calculate the Criticality Level of Waste (CLoW)
Value and Prioritize Waste Reduction Calculation of the CLoW value of each
waste using Equation (5). CLoWi = NSi OVAI(4) (5) The vaste that has
the largest CLoW value is the waste that is prioritized to be reduced
(eliminated). Determining waste reduction priorities based on CLoW means
considering the level of occurrence and criticality of waste and shows that
the prioritization of waste reduction involves various stakeholders, namely,
students, academics, non-academic staff, and HEI leaders. 4. Result and
Discussion The framework is used at a private university in Indonesia,
which was established in 1960. Currently, the university has 22
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departments, 1 postgraduate school, a vocational school, engineer
professional programs, pharmacist professional programs, nurse profes-
sions, teacher professional education, and medical professional education.
The university has more than 7000 students and 400 academic staff.
Waste in HEIs is categorized into eight categories of waste, as shown in
Table 3. Waste was found in three pillars of the HEI process: teaching,
research, and community service, as well as supporting activities. Table 3.
Waste in HEI. Category Waste Code Author(s) Process Excessive/repetitive
information/announcements OPR1 [1,14,20,25] Supporting Activity
Establishment of unnecessary academic and administrative units OPR2
[20,25] Supporting Activity Over Production Provision of unnecessary
facilities OPR3 [22] Supporting Activity Unbalanced lecture daily schedule
OPR4 [14] Teaching Lecturers print out too many lecture materials,
questions, journals, etc. OPR5 [1] Teaching Too academic staff OPR6 [1]
Teaching Over Processing Repetitive work/tasks OPC1 [20] Teaching
Courses that are too varied OPC2 [20] Teaching Repeated document
checks and approvals OPC3 [14,22,25] Supporting Activity Meetings with
the same topic repeatedly. OPC4 [1,25] Supporting Activity Repeated entry
of the same data OPC5 [1,22] Supporting Activity Unnecessary or
excessive report/task OPC6 [22] Supporting Activity The lecturer discusses
the same topic repeatedly OPC7 [1] Teaching Long bureaucracy OPCS8 [20]
Supporting Activity Course schedules that cause students to wait WAIT1
[1,20] Teaching Waiting for document approval WAIT2 [14,22,25]
Supporting Activity Waiting for the procurement of goods WAIT3 [25]
Supporting Activity Waiting Time The information system or internet
broken down WAIT4 [14,22,25] Supporting Activity Waiting to search for
files, books, or documents WAIT5 [14] Teaching Awaiting repair of broken
facilities WAIT6 [1] Teaching Long research proposal submission process
WAIT7 [36] Research Moving between classrooms MOT1 [20] Teaching
Motion Equipment movement MOT2 [20,22,25] Supporting Activity
Equipment is stored away from where it is used MOT3 [22] Supporting
Activity Table 3. Cont. Category Waste Code Author(s) Process Excessive
Transportation Movement of documents or materials TRP1 [14,20,22]
Supporting Activity Bringing lecture materials, books, and teaching
equipment to the classroom/laboratory. TRP2 [20] Teaching Scatter
campus location TRP3 [14,25] Teaching No necessary equipment available
in the room/classroom TRP4 [22] Supporting Activity Over inventory of
material/stationery INV1 [20] Supporting Activity Inappropriate class
capacity INV2 [20] Teaching Required materials/ equipment not available
INV3 [25] Supporting Activity Inventory Lecture/research materials/
equipment not available (journals, laboratory equipment, software) INV4
[20] Teaching, Research, and Community Services Many similar documents
INV5 [22] Supporting Activity Purchasing materials before they are needed
INV6 [22] Supporting Activity Keeping documents for too long INV7 [14]
Supporting Activity Lost or missed information DEF1 [20] Supporting
Activity Repeated work at the end of term, e.g., remedial, re-correction
DEF2 [20] Teaching Data entry error DEF3 [14,22,25] Supporting Activity
Defect Broken equipment or infrastructure DEF4 [25] Supporting Activity
Unused classrooms DEF5 [25] Teaching Incomplete documents DEF6 [22]
Supporting Activity Error entering mark DEF7 [1] Teaching Under-
utilization Talent Unused talents/skills UT1 [14,20] Supporting Activity
Knowledge or expertise that is not shared UT2 [25] Teaching
Academic/non-academic staff assignments that are not under their
expertise UT3 [1,14,20,25] Teaching Lack number of research and
community service UT4 [1,25] Research and Community Services Journal
databases are rarely used UT5 [36] Research and Community Services
Unabsorbed research budget UT6 [36] Research and Community Services
Unabsorbed community services budget UT7 [36] Research and
Community Services A questionnaire was developed to assess the
occurrence level of waste displayed in Table 1. The questionnaire can be
seen in Table Al in Appendix A. After evaluating and obtaining permission
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from the leadership of the university, the questionnaire was dis- tributed to
students, academics, and non-academic staff. The questionnaire was
distributed offline and online in September-October 2022. Respondents
filled in the questionnaire anonymously. Questionnaires were distributed to
all academics, and non-academic staff of all departments and work units at
HEIs and distributed randomly to the students. Seven hundred fifty
respondents, consisting of students, academics, and non-academic staff,
assessed waste occurrence. The details are presented in Table 4. Table 4.
Respondent assessment of waste occurrence. Respondent Gender Amount
Percentage Students Male Female Total 214 39.2 332 60.8 546 100
Academic Staff Male Female Total 36 36.73 62 63.27 98 100 Non-Academic
Staff Male Female Total 46 43.40 60 66.60 106 100 Total Number of
Respondent 750 The results of the questionnaire and waste score are
displayed in Table 5. Score waste calculation and normalization used
Equations (1) and (2). An example calculation of waste
excessive/repetitive information/announcement (OPR1) is as follows:
SOPR1 = [(1 J186) + (2 [0448) + (3 J105) + (4 J11)] 186 + 448 +
105 + 11 SOPR1 = 1.921 NSOPR1 =
(1.9214+1.9414+1.19.27145+...42.265) 0100 % = 1.806. Table 5. Result
of the questionnaire and waste score. Waste Total Answer Waste 1 2 3 4
Total Score Normalized Waste Score OPR1 186 448 105 11 750 1.921
1.806 OPR2 55 109 37 3 204 1.941 1.825 OPR3 265 417 62 6 750 1.745
1.641 OPR4 86 304 216 38 644 2.320 2.181 OPR5 3054 11 398 1.867
1.755 OPR6 55 37 4 2 98 1.520 1.429 OPC1 151 367 182 50 750 2.175
2.044 OPC2 110 262 143 31 546 2.174 2.043 OPC3 132 344 224 50 750
2.256 2.121 OPC4 56 111 28 9 204 1.951 1.834 OPC5 164 339 185 62
750 2.193 2.062 Table 5. Cont. Waste Total Answer Total Waste 1 2 3 4
Score Normalized Waste Score OPC6 152 362 187 49 750 2.177 2.047
OPC7 117 293 112 24 546 2.079 1.954 OPC8 139 324 207 80 750 2.304
2.166 WAIT1 54 218 182 92 546 2.571 2.417 WAIT2 82 271 315 82 750
2.529 2.377 WAIT3 8 46 88 62 204 3.000 2.820 WAIT4 37 210 308 195
750 2.881 2.708 WAITS5 13 105 71 15 204 2.431 2.285 WAIT6 71 318 267
94 750 2.512 2.361 WAIT7 13 59 22498 2.173 2.043 MOT1 205519 4
98 2.071 1.947 MOT2 128 450 139 33 750 2.103 1.976 MOT3 47 122 28 7
204 1.975 1.857 TRP1 37 133 32 2 204 1.995 1.875 TRP2 18 40 26 14 98
2.367 2.225 TRP3 205 313 17557 750 2.112 1.985 TRP4 194 358 139 59
750 2.084 1.959 INV1 45 126 28 5 204 1.966 1.848 INV2 257 287 76 24
644 1.793 1.686 INV3 10 72 21 3 106 2.160 2.031 INV4 13 44 29 12 98
2.408 2.264 INV5 224 400 106 20 750 1.896 1.782 INV6 50 121 28 5 204
1.941 1.825 INV7 21 86 83 14 204 2.441 2.295 DEF1 115 384 212 39 750
2.233 2.099 DEF2 206 334 85 19 644 1.871 1.759 DEF3 17 138 47 1 203
2.158 2.028 DEF4 70 368 255 57 750 2.399 2.255 DEF5 183 401 136 30
750 2.017 1.896 DEF6 193 435 111 11 750 1.920 1.805 DEF7 22724 0
98 1.816 1.707 UT1 172 384 158 36 750 2.077 1.953 UT2 175 387 155 33
750 2.061 1.938 UT3 26 101 65 12 204 2.309 2.170 UT4 9 49 33 7 98
2.388 2.244 UT5 6 38 40 14 98 2.633 2.475 UT6 12 58 24 4 98 2.204
2.072 UT7 16 44 34 4 98 2.265 2.129 The criticality scale of waste was
assessed through a questionnaire by 39 HEI leaders consisting of deans,
deputy deans, heads of department, and heads of quality assurance
offices. The assessment uses a Likert scale and is transformed into a fuzzy
number, as in Table 2. The mean fuzzy number is calculated using Equation
(3). To get a single value of the criticality scale, defuzzification is
performed using Equation (4). To calculate CLoW, we used Equation (5).
The average fuzzy number, defuzzification value, and CLoW value, as well
as the rank of waste, can be seen in Table 6. Table 6. Average fuzzy
number, defuzzification, and CLoW. Waste | Average Fuzzy Number m u
Defuzzification Normalized Waste Score CLoW Rank OPR1 1.85 2.43 3.72
2.604 1.806 4.702 48 OPR2 2.25 3.03 4.05 3.088 1.825 5.635 33 OPR3
2.28 3.03 3.97 3.077 1.641 5.048 46 OPR4 2.51 2.97 4.36 3.205 2.181
6.989 17 OPR5 2.23 2.90 4.08 3.026 1.755 5.311 39 OPR6 2.00 2.49 3.74
2.679 1.429 3.829 49 OPC1 2.56 3.08 4.33 3.263 2.044 6.669 23 OPC2
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1.79 2.41 3.62 2.558 2.043 5.226 42 OPC3 2.54 3.05 4.28 3.231 2.121
6.851 20 OPC4 2.31 2.92 4.03 3.045 1.834 5.584 35 OPC5 3.05 3.62 4.64
3.731 2.062 7.691 9 OPC6 2.51 3.08 4.31 3.244 2.047 6.638 24 OPC?7
2.10 2.79 4.00 2.923 1.954 5.711 32 OPC8 2.92 3.54 4.49 3.622 2.166
7.843 8 WAIT1 2.23 2.87 4.08 3.013 2.417 7.282 12 WAIT2 2.69 3.26
4.44 3.410 2.377 8.108 6 WAIT3 3.31 3.85 4.87 3.968 2.820 11.189 2
WAIT4 3.51 4.28 4.85 4.231 2.708 11.458 1 WAIT5 2.79 3.31 4.59 3.500
2.285 7.999 7 WAIT6 3.31 3.87 4.85 3.974 2.361 9.384 3 WAIT7 2.56
3.36 4.28 3.391 2.043 6.928 19 MOT1 1.87 2.56 3.79 2.699 1.947 5.254
41 MOT2 1.74 2.49 3.69 2.603 1.976 5.144 44 MOT3 1.97 2.59 3.87 2.756
1.857 5.118 45 TRP1 1.92 2.67 3.82 2.769 1.875 5.193 43 TRP2 1.59
2.36 3.51 2.455 2.225 5.463 38 TRP3 2.33 3.03 4.15 3.135 1.985 6.223
26 TRP4 2.59 3.23 4.28 3.333 1.959 6.529 25 INV1 2.03 2.74 3.95 2.865
1.848 5.294 40 INV2 2.49 3.13 4.28 3.256 1.686 5.490 37 INV3 2.77 3.38
4,51 3.513 2.031 7.133 14 INV4 2.62 3.23 4.41 3.372 2.264 7.632 10
INV5 2.62 3.18 4.41 3.346 1.782 5.963 29 INV6 1.92 2.64 3.82 2.756
1.825 5.029 47 Table 6. Cont. Waste | Average Fuzzy Number m u
Defuzzification Normalized Waste Score CLoW Rank INV7 2.33 3.03 4.21
3.147 2.295 7.222 13 DEF1 2.46 3.13 4.28 3.250 2.099 6.822 21 DEF2
2.41 3.03 4.26 3.179 1.759 5.592 34 DEF3 2.72 3.36 4.44 3.468 2.028
7.033 16 DEF4 3.13 3.51 4.85 3.750 2.255 8.455 4 DEF5 2.31 2.92 4.08
3.058 1.896 5.798 31 DEF6 2.69 3.23 4.49 3.410 1.805 6.154 27 DEF7
2.46 3.18 4.05 3.218 1.707 5.494 36 UT1 2.33 2.82 4.21 3.045 1.953
5.945 30 UT2 2.46 2.92 4.23 3.135 1.938 6.073 28 UT3 2.33 2.97 4.03
3.077 2.170 6.677 22 UT4 2.69 3.23 4.41 3.391 2.244 7.611 11 UT5 2.62
3.18 4.46 3.359 2.475 8.312 5 UT6 2.64 3.21 4.33 3.346 2.072 6.932 18
UT7 2.59 3.21 4.28 3.321 2.129 7.070 15 In this research, waste has been
identified in the three pillars of the HEI process: teach- ing, research, and
community Service [59], as well as supporting activities. As seen in Table
3, 59 types of waste have been identified and grouped into eight types:
over-production, over-processing, waiting for time, motion, excessive
transportation,_inventory, defects, and underutilized talent. LM aims to
improve efficiency and effectiveness by reducing waste. Furthermore,
efficiency and performance improvement will improve quality, and HEIs
must work together with all stakeholders [60]. Because of the humber of
waste in HEI, the prior- ity of waste reduction must be determined. Waste
reduction prioritization is based on the criticality level of waste (CLoW)
value. The CLoW calculation consists of two stages: the first stage is
calculating the waste score through students, academics, and non-
academic staff questionnaires; the second stage is calculating the criticality
scale of each type of waste by deans, deputy deans, heads of department,
and heads of quality assurance offices. Having four stakeholders, this
study represents the population better than the previous studies, which
only include one stakeholder [1,20,25,36]. According to the Pareto
principle, the first twenty percent or twelve top ranks of the CLoW should
be prioritized for reduction, as can be seen in Table 7. Table 7. Waste
reduction priority. No. Code Waste Process 1 WAIT4 The information
system or internet broken down Teaching, Research and Community
Services, Supporting Activity 2 WAIT3 Waiting for the procurement of
goods Teaching, Research and Community Services, Supporting Activity 3
WAIT6 Awaiting repair of broken facilities Teaching, Research and
Community Services, Supporting Activity 4 DEF4 Broken equipment or
infrastructure Teaching, Research and Community Services, Supporting
Activity Table 7. Cont. No. Code Waste Process 5 UT5 Journal databases
are rarely used Teaching, Research and Community Services, Supporting
Activity 6 WAIT2 Waiting for document approval Supporting Activity 7
WAIT5 Waiting to search for files, books, or documents Supporting Activity
8 OPC8 Long bureaucracy Supporting Activity 9 OPC5 Repeated entry of
the same data Teaching and Supporting Activity 10 INV4 Lecture/research
materials/equipment not available (journals, laboratory equipment,
software) Teaching, Research and Community Services, Supporting Activity
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11 UT4 Lack number of research and community service Research and
Community Services 12 WAIT1 Course schedules that cause students to
wait Teaching To reduce the prioritized waste, several activities are
proposed, among others: a. Redesign of university information systems.
Table 7 shows the waste that is priori- tized to be eliminated is “The
information system or internet broke down” (WAIT4). Whereas the
utilization of information and communication technology (ICT)_is an
absolute necessity that must be undertaken and utilized by HEIs.
Therefore, every HEI needs a reliable and integrated academic information
system. Based on inter- views, the current state of the information system
includes a lack of data integration between departments and supporting
work units; there is still a lot of manual data or documents; the
information system network often breaks down. Therefore, the university
must improve its information system and transform it into internet-based
technology. Information systems integrate all components, such as people,
manage- ment, business processes, and organizational culture [61]. As
likewise argued by M. Akour and M. Alenezi [62], the development of
internet-based technology has changed the educational environment and
aided HEIs in making the switch to digital learning. The use of information
systems is essential and necessary to achieve good university governance
[63,64]. Several improvements to the information system that can be
made include integrating all academic and non-academic data throughout
the university and digitizing all processes and documents. HEI information
system improvements are expected to reduce some other waste including
waiting to find files, books, or documents (WAIT5), repeated entry of the
same data (OPC5), long bureaucracy (OPC8), waiting for document
approval (WAIT2), repeated document checks and/or approvals (OPC3); b.
Improvement of procurement and maintenance systems. Effective
procurement planning and procurement and maintenance processes will
support the smooth running of business processes. Currently, the
university does not have an adequate procurement system. This causes
the procurement process to take a long time and sometimes the
procurement of goods does not match what is needed. Some of the
improvements that can be made include establishing a procurement
system and increasing the expertise of procurement staff. Improvement of
the procurement and maintenance system will reduce waste waiting for the
procurement of goods (WAIT3), awaiting repair of broken facilities
(WAIT6), and broken equipment or infrastructure (DEF4); c. International
journal subscriptions. For conducting good research, appropriate and up-
to-date journal references are required. To obtain the necessary articles,
HEI must subscribe to enough appropriate journals. Currently, universities
subscribe to journal databases via Science Direct limited to several
disciplines. However, research requires interdisciplinary analysis, so the
university should subscribe to another journal database. In addition,
academic staff and students can access the database of journals
subscribed to by The Directorate General of Higher Education—Ministry of
Education and the Cultural Republic of Indonesia and the National Library
of Indonesia. It will reduce the lack of research and community service
(UT4) and the unabsorbed research and community services budget (UT6
and UT7); d. Improve work equipment and laboratory equipment and
provide teaching and re- search software. Besides providing laboratory
equipment and research and teaching software, resource sharing is
important. Any equipment and software must be shared with other
departments. It will reduce waste equipment movement (MOT2), no
necessary equipment available in the room/classroom (TRP4), and waste
required materials/ equipment not available (INV3); e. Integrated course
schedule development. Course schedules and room usage should be
prepared jointly between study programs. It will reduce waste course
schedules that cause students to wait (WAIT1), unbalanced lecture daily
schedules (OPR4), moving between classrooms (MOT1), inappropriate
class capacity (INV2), and unused classrooms (DEF5). 5. Conclusions The
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criticality level of waste (CLoW) framework developed in this article can be
used by organizations, especially HEIs, to determine waste reduction
priorities. This framework has been applied to a private university and can
be applied in a public university because both have the same business
process, namely, the three pillars of the HEI process: teaching, research,
and community service, as well as supporting activities. The prioritization
of waste that must be reduced becomes the starting point for the
improvement plan. HEI stakeholders include students, graduate users,
students’ families, university leaders and employees, suppliers, secondary
schools, other universities, industry, the state, government, taxpayers,
and professional organizations [42,65]. In this article, we determined the
priority of waste reduction, considering the input of four stakeholders,
namely students, academics, non-academic staff, and HEI leaders. It is
relevant because these four stakeholders can determine the existence of
waste. The practical contribution of this study is that this framework can
be used for waste prioritization in HEI as well as in school. The theoretical
contribution of this study is to fill the research gap of waste reduction
prioritization in all aspects of HEI activities, involving all HEI stakeholders
involved in the business process (i.e., students, academics, non-academic
staff, and HEI leaders). The limitation of this research is that it only
determines the priority of waste reduction and provides suggestions for
improvement. Considerably more work will need to be done to develop
selection methods of improvement projects to reduce waste. Another
possible future research avenue would be to use multi-criteria methods to
determine CLoW. Author Contributions: Conceptualization, 1.J.M., M.L.S.
and S.G.P.; methodology, 1.J.M., M.L.S., Y.B.H. and S.G.P.; validation,
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investigation, I.J.M., M.L.S. and Y.B.H.; resources, 1.]J.M., M.L.S. and
S.G.P.; data curation, I.J.M., M.L.S., S.G.P. and Y.B.H.; writing—original
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academic, and non-Academic Staff Please help to fill out the questionnaire
for our research. This questionnaire is solely used for academic purposes.
All data collected will only be used for academic purposes. For all your help
and cooperation, we thank you. Explanation and Instructions for
Completing the Questionnaire: 1. 2. Waste is any activity that uses
resources but does not add value to the customer. Waste in higher
education describes all activities in the field of education/teaching,
research, and community service as well as supporting activities that do
not provide added value (non-value-added activity); 3. Give your opinion
about the occurrence of waste where you work/college, by crossing (x) one
of the answers below. 1: Never Occurs (NO) 2: Rarely Occurs (RO) 3:
Often Occurs (OO) 4: Very Often Occurs (VOO) Gender: M/F Faculty: Table
Al. The questionnaire occurrence level of waste. No. Waste NO Occurrence
RO OO VOO 1 Excessive/repetitive information/announcements 1 2 34 2
Establishment of unnecessary academic and administrative units 1 2 34 3
Provision of unnecessary facilities 1 2 3 4 4 Unbalanced lecture daily
schedule 1 2 3 5 Lecturers print out too many lecture materials, questions,
journals, etc. 1 2 3 4 6 Too academic staff 1 2 3 7 Repetitive work/tasks 1
2 3 4 8 Courses that are too varied 1 2 3 4 9 Repeated document checks
and approvals 1 2 3 4 10 Meetings with the same topic repeatedly 1 2 3 4
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11 Repeated entry of the same data 1 2 3 12 Unnecessary or excessive
report/task 1 2 3 4 13 The lecturer discusses the same topic repeatedly 1
2 3 14 Long bureaucracy 1 2 3 15 Course schedules that cause students to
wait 1 2 3 4 16 Waiting for document approval 1 2 3 4 17 Waiting for the
procurement of goods 1 2 3 4 18 The information system or internet is a
breakdown 19 Waiting to search for files, books, or documents 1 2 3 4 20
Awaiting repair of broken facilities 1 2 3 4 21 Long research proposal
submission process 1 2 3 4 22 Moving between classrooms 1 2 3 4 Table
Al. Cont. No. Waste NO Occurrence RO OO0 VOO 23 Equipment movement
1 2 3 4 24 Equipment is stored away from where it is used 1 2 3 4 25
Movement of documents or materials 1 2 3 4 26 Bringing lecture materials,
books, and teaching equipment to the classroom/laboratory. 1 2 3 4 27
Scatter campus location 1 2 3 4 28 No necessary equipment available in
the room/classroom 1 2 3 4 29 Over inventory of material/stationery 1 2 3
4 30 Inappropriate class capacity 1 2 3 4 31 Required materials/
equipment not available 1 2 3 4 32 Lecture/research materials/equipment
not available (journals, laboratory equipment, software) 1 2 3 4 33 Many
similar documents 1 2 3 4 34 Purchasing materials before they are needed
1 2 3 4 35 Keeping documents for too long 1 2 3 4 36 Lost or missed
information 1 2 3 4 37 Repeated work at the end of term, e.g., remedial,
re-correction 1 2 3 4 38 Data entry error 1 2 3 4 39 Broken equipment or
infrastructure 1 2 3 4 40 Unused classrooms 1 2 3 41 Incomplete
documents 1 2 3 4 42 Error entering mark 1 2 3 43 Unused talents/skills 1
2 3 4 44 Knowledge or expertise that is not shared 1 2 3 4 45
Academic/non-academic staff assignments that are not under their
expertise 1 2 3 4 46 Lack number of research and community service 1 2 3
4 47 Journal databases are rarely used 1 2 3 48 Unabsorbed research
budget 1 2 3 49 Unabsorbed community services budget 1 2 3 References
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Abstract: YWaste in HEE is difficult to identify, so identifying and priontizmg waste & challenging.
This research aims to develop a framewark within whach o identify and prieotee waste reduction in
HEIs. Thenovelty of this study is that it analyses and pricritizes waste in HED from the persgective
ot ke stakeholders i beaching, sssearch, and community servies, a8 well 0s supporting activifies
The process of waste identification was undertaken via chservation and likratun: review, whiluynm'-
itization of wiesbe was based om the criticality level of waske (CLoW), Debermirivg e citicality hevel
af waste (CL0W) conaiats of two sdages: e firs stage s caloulating wasbe scomss using questiomnaines
from students, lecurers, and education staff; the second stage is calculating the critical levid of washe
using 2 questionradre fram HED leaders and analering it with fuesy methisds. The shudy identified
S0 fypes of waste and prouped them into eight brpes mver-prsduction, seer-prsessing, waiting,
motian, ransportation, invertory, defects, and underitilization talent. Waste ocours in thres HE
activities: teaching, research, commaunity service, and supparting activities. The results alo shony the
priveity order of wasbe red uction and propased improvements o red uoe waste, This study offers
a prictical contribution bo b management of HELS b identidy snd pricritize waste peduction. The
thearebical contributinn of this stady is thatit fills the rescarch gap of waste reduction priotitizaton in
all aspects af HEI activities invilvirg all HE] stakehalders involved m the business process, namely,
shuslents, academics, non-academic stadf, ared HED leadders,

Keywards: CLolY; waste priority; LM educabion; agher education institubion (HEL

1. Introduction

Lean manufacturing {LM) has reduced waste and increased efficiency [1]. LM isa
method for improving quality and efficiency in manufacturing and service industries [2—],
Initially, LM wes implemented in the automotive indistry, then adopted by other indusitries,
including textile, construction, food, medical, electrical and electronics, ceramic, furmiture,
ard service [5,6]. Lean manufacturing is a management philosophy and methodobogy
concerned with the endless pursuit of eliminating waste [7]. Waste is anything that adds
cost, but mok value, to a P‘mdul:! or final customers [B]. Waste was inil'!all.:v rL-tugn'tmd
in manufacturing as excessive movemen!, excessive transportation, waiting time, excess
imun!ur‘v, I'Jl.‘!L'I:H'\'L"PL‘lJI.‘h.II:I‘.\, mc:mpmdul:ti:m quanliﬁnﬂ, and mnﬂcﬁih‘upmn:ﬂun

Quaﬁt}' excellence and Pﬂhimt‘ﬂitixn:}' havve become very important in educational
institutions [4,10]. Higher education imstitutiens (HEIs) are continuonsly challenged o
meet increasing customer demands; theretore, mamy have turmed o continuoas mprowve-
memt mﬂﬂmﬂlﬂugiﬂ o lovumgutngan:iuﬁunal FESTLITON Su..arjcrpting variows frameworks
as i mechanism for the assurance of quality edocation and research outoomes has become
an accepted practice [11]. LM is a suitable methodology for improving performance and
embedding 1 continuos improvement cultune. LW can be viewed from the perspective of
education as a methadology that enables imiversities, schools, and teachers o effectively
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ard efficiently tedach all students by remaorring oF minkmizing wastes or losses associated
with the educabional process [12]. Several higher education instibutions (HED) have used
the L concept to improve the efficiency of scientific activities by eliminating waste and
activities that do not add walue. HEI faces many challenges and enhances through qual-
ity assurance in all its processes [15]. Elimimating waste and increasing efficiency can
imcrease student satisfaction and minimize costs [ 14] as well as leverage ils su=@inabil-
ity [15], Sustainability in HEI consistz of four dimensions sconomic, envitonmental,
inatibational feducational ,-'Puljri.caL amd social fevlbaral [ 4] jhreiﬂnﬁi:antpusdti.veeffed
of LM on ecomnamic performance indicators (g, profitability, profit mangin, and retum
on investment) [17,18]. Meanwhile, based on studbes by Lima, etal [19], LM reduced
coet, made better use of resounces, increased Pa11|:|1.1|:|.1"."it:|.-. derraased Ffm:uxi:\ﬂ temes, and
eliminated documents lost,

Waste in HEI can be grouped inte overproduction, oves-processing, walting for time,
unneessary motion, transportation, H!\?Enirx‘y, defects, and understilized pn|p|= [2021]
Meanwhile, Kang and Manyonge [27] identified the types of waste and classified them
based om the perspectives of three stakeholders: students, academics, and non-academic
staff. To successhully develop LM, an organization must identify and priccitiee the waste to
be educed [22.24] According to Khein et al. [25], systematic waste reduction is the goal of
LM implementation, so prioritizing waste reduction b= nemssary, Furthermore, systematic
icenbification and waste reduction can increase efficiency, productivity, and competiiveness.
In gerieral, indtustries that always eliminate waste inévery process benefit from low inventories
of semi-finished geods and finished products, high product quality, increased fexibility, and
the: ability o meet cstomer demands and knver operating costs [ 20]. Several nesearchers have
condudted research to determine waste reduction priombes in the manufacturing [24,26-54]
and healthcare sectors [25]. However, less reseanch is conducted on HE]

Meanwhile, several researchers have determinesd the ranking of waste in HEL Razancogiy
and Ozkan-Ozen [20] identified and determined the priority of wastein a business school. In
this study, waste priority was determined by a committee of academic staff using the fussy
decision-making trial and evahsabon laboratory {DEMATEL). Mesmwhile, Klein etal. [25] used
the analytical hierarchy process (AHP) to compare and prioritize waste betwoen the primary
and branch camipuses. Monetheless, the weaknesses of this study include the subjectivity of the
asessment and Bie use of the arithmetbe a'\.'l:rc@e-:il:ﬁe amsesaments miade hﬂr several direckrs
of the study center [25]. Another study used the waste relationship matrix (WEM] 2], failore
made effect analysis {FMEA), and interpretive structural modelimg {150 [1] be determine
the pricrity of waste reduction. The limitation of this research is that it only wed academic
staff a= respondents from two faculties, and the identification of waste = only in the teaching
and bearning process. Further research can be carried out onother prooesses and involve all
stakeholders [1,7%6]. Another rrﬂuu:rhpr_mdl'dl.iry in the identificabion of waste m online, offline,
and hybrid teaching.

Previous research om washe prisritization in HETs ondy involved one stakehalder in ona of
the activities in HE. This artick: aims ik .:uly.m waste amed proposs an altemative method b
prioritize waske reduction in HEL Priovitizing waste reduction involves many stakeholders such
as shidenls, academic staff, non-academic staff, and HEI leaders, Therefore, the novelty of this
:dud].' is that it amalyses washe prioritization in HEI froum the perpoctive of fowr stakeholders in
teaching, research, and commmunity servioes, as well as supporting activities.

The remaining sections of this manuscript are onganized as follows: Section T s @
literature review of waste and LM as well as waste in HEL; Section 3 presents a proposed
frarnew ork to determine waste reduction priorities in HEL Section 4 presents results and
discussion; and Section 5 presents conclusions.

2. Literature Review
2.1 Weste and Lean .'fflfjljl:ﬁll'ljrrfjlﬂ

The Japanese manutacturing industry, especially Toyota, developed the LM concept.
LK is a waste reduction technigque that many authors have suggested. The poals of
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implernenting LM ane lower production cosls, increased outpat, and shorter producton
Hrries |3T|. |.1|pm:l:ix.‘f,, LM maxirrdees product \'ah.n.-lr)c miniming wilshe. LM chefinies the
value of a product /service as what is perceived by the customer [38]. The basic principle
of Lean manufacturing (LA} is LM thinking, LM thinking consists of five principles
determining product value based o customer needs, identifying product value streams in
the process, uninterrupted value flow, pulling infoemation from consumers (pull system),
and pursuing perfection [39], LM is known as a waste reduction techmique. AL first, Taichi
Ohne [5] gruuped waste into seven categories: (w\-_'rpmdur:tium over-processing, waiting,
transporiation, wnnecessary inventory, unnecessary mation, and defects. Furthermone,
Liker {2004} added the eighth form of waste—unused employee creativity /talent [20] The
osml.'upful: elim:inaﬁ:q{ waste has had a e‘:iﬂ;dfi:ant:impa:t om v arions industries.

2.2, Waste in HEI

The :L]:lp]'iml:i-:m of Lk pr.lnl.—.i'p[l:s in HEI has pesulted in :J'Br.ﬁﬁr.mr:imprt:tvernmu.
The main goal of implementing LM is to eliminate waste. Several HEls have used the LM
comcept to improve the effickency of scientific activities by eliminating waste and activities
that do not add value. HED faces many challenges and must improve quality through
quality assurance in all s processes [12]. Some researchers categorize waste in HELinto
f«:mrg_'nenl categories, namely, Puﬂplb waste, process waste, information waste, and sset
waste [10]. However, most researchers da.-m:il.‘_v wasche as transportation waste, imcenbory,
maotion, waiting, over-production, over-processing, defects, and the underutilizaton of
pa:uph: ["J.I.l'r 1I¥'|. There are several wastes in the da:i|.3,I |1]:|L'r.:tixm-:afﬂv_' teaching. research,
administration, firance, and human resoarces in the HEL Moreover, as opposed to i
manu facturing system with tangible results, HEI procedures are less visible, making it
muore difficult to spot problems as they arise [11]. Table | displays examples of waste in
manutacturing and HEL

Table 1. Examgrlis of manufacturing wasbe and HEL

Wacte Manufacturne HEL
Producing mone than what is currently needed
Over Praduction Procduction caver or before demand The workload cach semester is not balanced
Large wardhouses of finkhed goods An pxoessive number of academic or
adminiskentive units
Repeat approval
Diodng something that does net Bepuat checks
Cher Processing aidud value bt costommes Imgrhementation af & new program
Llsar of ot pisoiroes than fhe mecessary that is ot ready
Re-entering data
Waitirg for the previous process that bas nist Wiiting for decument approval, IT sestem
Waitirig bueers fima bl dhowwiatimee, aned searching far
Lack of material, ks, or information Files, broks, and documents
Muovement of stucents and statt
Mition Preiple or eguipment move mene than necessary Seabbered caangus locations
Bacl warkstation ergamization Exgesaive movemert of indermabion,
data, and decisaen
Movemant of maberials cuch as paper, and

Llnnecessary modament of repuaied approvils

Tranegrartation miberinl i the process 4, Tos many emsils abtnchments

Inadeguate layouts The cammanly required materal is stored away

fram the paint of use




Edwe Bl 333,13, 137

4l 18

Table 1, Cirif,
Waste Bdanufacture HEL
Unniseded shems
S M]cmrnnmtn,l\ﬂ'lﬁ Docurments stored ta loag
° and unpracessed findshed products Fillirgg ot different formms
with the same information
Dhefcct All product defects Diata irput errar, class not used

Inadequate produckion processes Incomplete documents

Undenatilioed Peaple
{ Tadent)

Dioes not uee all the copablitics of employees
Mat giving assignments acconding to the ability
af students, academics, and ron-academic staff

Excrssive bumaicracy

Drvees rat wse all the capabilities of employes
Lack of tme for improvement actions

Soaroe: claborated by ausiors based on Douglas etal [ 1L Sorahga [ 12 ] and Keinetal 5]

Academic freedom and autonomy are the challenges to LM implementation in the
HELecontext. The university complexity i increased because the boundaries of academic
freedorm and diversity ane not chear [25]

3, Proposed Framework

HEI stakeholders include academic staff, non-academic staff, students, government,
iredustry, and parents [42]. But in several articles, the ranking of waste in HEL s carried
out by the committes [0 the director of the study center [25], and academic staff | 1,36]
Onther several articles identified stsdents as HEL stakeholders [43—44], Meanwhile, ather ne-
searchers involved lechurers and students in thedr research [£9,50], and graduate users [51].
Other research invelved students, academnic staff, HEI leaders, and graduate users [52]
Waste prioritization must involve stakeholders directly invobved in HED's business pro-
cesges, This framework aims o distermine waste reduction privrities in HEL qu;ume 1
shows the several stages in the framework., The process of prioritizing waste invalves
sludents, academics, non-academic staff, and heads of sludy programs, Prioritizing waste
iz determined based on the Enhcﬂhly level of waste (CLoW) value, which is calculated
through several stages, as follows

Literature Beview ot Assessment of
Waste in HEI Occursence Lovel
Assessmantof Critical Waste Score Caleula
ity Level of Waste Hon
fua!ayNum‘her Trans-
formation

* ¥

Criticality Lovel of

Weight (CLaW)

Figure 1. Sages in priodtizng waste,
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A1, Wentification of Wiste
Identification of waste through lierature review and direct observation,

3.2, Assessment of Occerence Level

Aosneament thr\cmﬁh a quLuﬁunna'Lml!yuhﬂmm, academics, and non-acadernic staf.
Each mespondent assesses the ocourrence of every waste by selecting one of the four alter-
native answers consisting of 1 (never occurs), 2 (earely oocues), 3 {often occurs), o 4 (very
aften oocurs),

3.3 Wagte Score Calealation
Bmesd on the: results of the questiominaire, the waste score is calculated and normalized

using Equations {1) and (2)
_ 8lea + 2z + 3na + )
o= By Mg+ Ry m
NS = <% 100% 2
R T

5 = waste rth score;

;= number of answers Mever Occurs of ith waste;

iz = number of answers Rarely Occurs of ith waste;

s = number of answers Often Oceurs of rh wase;

iy = number of answers Yery Often Clocurs of ith waste;
NS = normalized waste ith score

A4, Assessment of Critinnlity Scale Winste

The assessment is through a questionnaire filled out by HEI leaders, They assess the
cﬁti:alitym[rﬁfead\ waste using a Likert Scale which consists of a value of 1 {very not
critical), 2 (not criticall, 3 (quite critical), 4 (criticall, or 5 {very criticalp

A.5, Fuzzy Nibier Trapsfornmation

Rensis Likert (1932} intoduced the Likert scabe, widely wsed in survey research. The
Prrpularit}' iof the Likert Scale is dise to several ﬂli:ub'a, i.u:lu:linl.l;ibﬁ be-mg mx}'hhmudi’f‘y and
compile, easily anabyzed by statistical methods, and having high refiability, However, on
the Likert scale, respondents are forced to choose an option that may be different from their
achial chedce [53], ‘Sum.n'ad.mlimazgue that the arswers in the Likert Seale are ordinal
scale data and that the operations of addition, subtraction, division, and multiplication
ard the calculation of the mean and standard deviation cannot be done [54]. Due b the
limitatioms, the quEstionmain: answers werne analyeed usingg the fu.(ry method; the Likert
scale 15 comverted imto 8 fuzzy number. The fuzey number used is a tnangular fuzey
nunber {TFM) because it is easy to understand and calculate, and it can be applied in
uneertain enyiromments [53].

Calculation of critical scale vsing the fuzzy method follows the steps below:

3.5.1. Transformation Criticality Scale into Fuzzy NMumber

Each criticality scale answer is converted into a Triangular Fuzzy Mumber {TFN), The
TFM value consists of the lowest value [lb. the middle value {m}, and the hl:y;hc:d \ralm:{u:l.
Takde 2 shows Transformation inte TEMN,

3.5.2. Caleulate the Average TFN Critical Scale
The average TFM critical scale for each waste is caboulated using Equation (3j[35,5]

T A i o WL 9, 93]
L n

A (3}

furigg =
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L3 T R

T= 1 am;

Ay = average TP criticality scale jth waste;

ﬂ.:: = TFM critical ity scale ith respondent, jth waste;

ay! = Iowestvalue (i) of Aj;

= middle value im) of A

“n,
a = highest value (u}of A7
N = number of the respondent;
m = the number of waste

Table 2, Trarsformation of criicality scale

Criticality Seale Likert Scali F“"E’":"J'I"’"
Viery Mok Uribical 1 iL1.2]
Mot Critical 2 iL.2.3)
Quite Critical 3 12,3, 4)
Critical 4 3,45
Very Critical 5 #,5.5)

353, Defuzrification of TEN
The defuzsification formula for TEN using Equation () 56-54].

[ity + 205 + 5}

Vy= i [y
Vy = the crisp number of A TEN {my, a2, 82),
3.4; Calenlite Hl.l'c.l'r'hrulljf‘l‘r Level of Washe (CLoW) Vielue aral Praorittze Wity Reduchion
Caleulation of the CLW value of each waste using Equation (5]
CLoW, = N5; =¥y (5

The waste that has the largest CLoW value is the waste that is prioritized 1o be redwced
{elirminated ). Dretermining waste reduction 'Prim'i'l:it-_sha:ud o CLoW means l:umsilleri.n;g
the level of cocurrence and criticality of waste and shows that the prioritiation of waste
reduction involves various stakeholders, namety, students, academics, non-academic staff,
and HEL leaders,

4. Result and Discussion

The framework is used ata private university in Indonesia, which was established
im 19680, Currently, the university ha= 22 departments, | postgraduate school, a vocational
school, erghneer professional programs, pharmacist professional programs, nurse profes-
sions, teacher professional education, and medical professional education. The aniversity
has more than 70 shadents and 400 academic staff,

Waste in HER: is mtup;ur[ned i:maeig}ﬁ categories of waste, as shown in Table 3. Wasthe
wias found i thres Fiﬂm-:nfﬂw HEL prosess beaching, Tesearch, :u::lc:mrunun:it}- seTVicE,
as well as supporting activities.
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Table ¥, Waste in HEI

anﬁul}' Waste Code Auatharie] Process
Exceserve f mepetitive : e : o
lLﬁmnaﬁlm,‘::mEanmum.s. orEl (14, 025] Supporting Actmvity
Establishment of unmecesary ) . ¥
academic and administrative units SRR kel g Sty
Ower Procluction Provision of urmecessary {acilibies QPR3 (il Sapporting Activity
Unbadarced lectune daily schedibe R4 114] Teaching
Lechurers prnt ot oo many lechune —_— - L
materials, questens, ol ete GIER: 1 Teaching
Ton academic staff OFEn [H Teaching
Fepetiive wark /tasks [a] g | 139 Teaching
Cirurses that ane oo varied [ 8 1] Teaching
Repeated document £ s . : 5
3 4 ILE 5 3
Shecks sl mprivils O3 I 3l Suppuorting Sctivity
Crver . '“"t Pl Hrig :'jh- opet Supporting Activity
Processng e boac repeabied iy,
Repeated entry of fhe same data OFS Supporting Activity
Unniecessary or exoessive repocty task ORCE 12 Supporting Activity
The lecturer discusses K _ad
the same topic vepeatedly o] vy 11 Teaching
Leng bunsancracy OFCE 121] Supporting Activity
Corse sohedules that X
1300 )
cause students bo wait WAITT fim) Teaching
Waikirg For dociment agpraval WAITZ 42235 Sapporting Activity
‘Wadkirg For the prociunement of gocds WAITS 125] Sapporting Activity
The mftsrmabien svetem L A
‘Waiting Time ar intermet breden down ezt Ly A Enprpating hetiity
Waiting to search for
files, boaks, or documents picea L B4 Tanching
Avsriting repair of broken facilities WAITE [ Teaching
Luwyg resesarch proposal . -
submission process WAITY I35] Rezeanch
Wiewing betwisen classroms WHT1 [ it} Teaching
Meabion Eguipment mavament WHXTZ Suppuorting Activity
Equipment 1= stared away MOTS 12 Supporing Activity

Fros whaene it & usd
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Tablbe 3, Cirif,
anﬁul}' Waste Code Auatharie] Process
Movement of documents or materials TRP1 14,531 Supporting Activity
Britgmg lecturne materals, books, and
. tenehirgg eguipment to e TRFZ 1] Teaching
Excessive classronm/ laboratory.
Traraportation
Scatter campias eation TEFS Teaching
i nevessary equipmert avoildble s s e . -
the focianiasarbam TEFP$ 1% Supporting Activity
Chver irverdory of materal Sstabomery vl 1) Suppurting Sctivity
Inappropriate class capacity INWZ 130 Teaching
Required materials/ - ik - N
viuipment rot avadlable difee =l Supporting Acthity
Invenbory ch:hl:n:'."rmm:.h mah:.rml.ﬁ_r Teaching. Rm:!n:h,
: exqquipment nat available (fpumals, INVE 1209 and Cormamumnity
labaratary euipment, seftware) Services
Many similar documents INVE 12} Supporting Actvity
Purchasiteg materiak . oy . " ot
before they tire readid INVE 1221 Supporting Activity
Kieping documen s for boo king INVT 14] Supporting Activity
Lk or missesd imformation EF1 120] Supporting Activity
R:tt:h:\dlwr;l_:jtth:t end |:n_l' berm, DEFS 12 Tenching
-, remedial, reonrmection
Data entry errar DEF3 [ EL Wl ] Supporting Activity
Dedect Brivken equipmenit or infrastruchure YEF3 1] Supporiing Activity
Virnsed clnssriooms [YEF5 175 Teaching
Incamplete documents [¥EFG 1z1] Supporting Activity
Error entering mark DEFT 11 Teaching
Ursed talents/skilk (] jl4.0m] Supparting Activity
Enowledge or expertis b .
that is noet shaned vz 1% Mncling
Academic mon-academic staff
assignments that are nod LT3 11,04, 20.35] Teaching
urder their expertise
Lnder-utilizaticn Lack number of research 174 =l Bsearch ind
Talent and community service Lo Community Services
% Be=earch and
Teatrnal datnbases ane sy used s 134] Cosnmanity Secviris
o Besearch and
Unabsorbed resennch budges UTé 135} Comununity Secviess
Uninbserbud community T 3] Reseerch and

servioes bucdged

Commnurity Services
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A questicnnaire was developed to assess the ocourrence level of waste displayed
in Table 1. The fuesbonnaine can be sen in Table A1 n ."-\Fpmdix A Aber evalua ting,
and obtaining permission from the leadership of the university, the questionnaine was dis-
tributed to students, academics, and non-academic staff, The questionmaime was distributed
offline and online in September-Cctober 2022, Respondents filled in the questionnaire
anooyrously. Cuestonmnaites were distributed to all academics, and non-academic staff of
all departroents and work units at HELS and distributed randomly to the students. Seven
hundred h.Fr].- regp-:mdmbﬂ, consixting of students, academics. and non-academic staff,
assessed waste occurrence, The details are presented in Takle 4,

Table 4, Respondent assessment of waste cocutrienoe,

Hes pomalent Gensler Amaank Percentage
Plade 1i4 2
Students Femak: 33z L
Tirtal e 1
Pbade Ja .73
Academic Staff Fernke 6 63.27
Tital ] 1iH)
Pdale 46 4341
MoareAcademic Saaff Femak: &0 iy i)
Tirtal 106 1{H)
Takal Wummber of Respondent b

The results of the quessHonnain: and waste soore mdi:ip]ayud i Table 5. Seore waste
calculation and normalization wsed Equations (1} and {2), An example cabculation of wasie
:m:i:d\'u.-"mpeﬁti\:e: information, announcement {OPKRL} s as follows:

_ [0 = 188) (200 48) 4 (3 105} 4+ (4 = 11)]

Sarr 186 + 48 + 105 + 11
Sorm = 1521
MSopst = e a1
= 1.6
Table 5, Result of B questicnmaineand waste soone,
Tutal Answer Wasbe Murmalized
W
aste 1 2 3 n Tatal Sdore Waste Scorne
COFPR1 186 4ad s 11 a0 1421 L.6itG
CFR2 55 1 a7 3 ot 1.041 1825
PR3 n5 417 Al ] a0 1.745 181
CFR4 b MM 26 ko rH 2320 2181
CFRS k] 54 11 e 1 o LE6T 1755
COFRR 55 k) 4 = 95 1.520 1429
QP 151 kLo 152 H e 175 2144
OPCT 1 162 REE] 3 e 172 243
OPCE 132 34 Er a0 A 21256 2121
(8L 56 m = 9 Hy 1.451 1834
CPCs 164 339 155 &l et 13 2062
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Tabsle 5. Ci,
Waste - 1:""‘"“:' " Total R :E's":x
orce 182 3 I ™ 1177 147
o7 7 w3 I z E i 1954
OFcE W 38 oW & =0 FETT] 2168
WAITT 5 T o £ 2371 2417
WAITZ B2 21 35 2 = 25m 2377
WA B I P & ™ 300 2870
A = 281 278
WAIS 1 I3 71 5 g 1o 1365
wAlle 71 T 0 2512 2301
WAIT 13 54 n 4 5 217 243
MoTL 3 55 i 1 o 21 1047
MOTZ 1 4w 1w = e 2im a7
wMOoTE @ = = 7 4 175 LH57
TR a7 1 1 2 m 1905 LE7S
™Iz 18 0 m " e 2367 2175
T = =0 ERTE] 1985
T S =0 1082 1455
V1 15 12 = 5 ) Lo LAdx
Ve 2w W 7% ! oH 1793 1686
a3 10 7 b 3 % 160 209
v ] u b e s 3408 2204
VS 2 AW i m =0 a0 LRz
Ve 0 12 = 5 4 1aal LS
V7 Y 6 & i ™ 2441 215
DEFI 115 38 12 L = 1m I
DEZ 26 3 = I i LA71 1759
D3 17 13 I 1 He 2158 28
DEF4 ™ a1 7 e 230 2155
DES 183 40 1% a0 =0 zin7 1896
DEFs 193 4B i =0 Laz LS
DEFT 2 n 1 0 o LWl B
Ut I .=-.- = 2097 1953
U R = 70 2061 1038
Ut :u. m [ T i 130 2170
T a 7] n 7 = 236 EETT)
TS . W 1w I = 2 2475
uTh 12 54 ! 4 e 2214 2072
UT? 1 H .=-| 1 "= 1165 2129

The criticality scabe of waste was assessed through a questionnaine by 3% HEI leaders
comsisting of deans, di.-puly deans, heads of drp:u'h'nmt,.:nd heacds ul:quaht}' assurance
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offices. The assessment uses a Likert scale and is transformed inte a fuzzy number, as in
Table 2 The mean fuzsy number is calculpbed wsing Equation {(3). To get a single value of
the criticality scale, defuzzification is performed using Equation {41, To calculate CLoWY, we
used Equation (5 The average fuzzy number, defuzzification value, and CLeW value, as
well as the rank of waste, can be semm in Table .

Table &, Average fuzzy number, defuzsfication, and CLal¥.

Waste ruz:;mﬁbcr Defuzzification :‘;,::ﬁ‘;‘: CLoW  Mank
1 m u
CIFR] 1,45 .43 im 260l 1,506 e 45
P2 235 343 A5 E 125 S35 B
PR 2 33 397 3077 T S 4
RS 251 197 43 106 2181 6950 7
CIFRS 253 M 4 3026 1.755 5311 =
PR 20 240 17 279 1.420 139 4
arc 155 308 413 2943 2.4 77T n
arc: L7 24l B2 255 2043 5.2% 4
R 254 205 418 313 2121 851 m
arce 231 102 4 ETS) 1.634 e £
arcs 345 342 e 37 2062 7681 5
rcs 251 08 4m T 2447 L8 7]
arcy 1 P 4m 2923 1954 S711 3z
OPCE 292 354 449 62T 2166 TE [
WAITI 123 247 ] 2013 2417 722 n
WAITZ 248 324 444 3410 2377 A0 3
WATTS 331 385 457 3968 2520 11189 2
WAL 51 428 455 4131 2708 11458 1
WAIS 279 331 4% EETY 2265 7599 7
WAITS 23 187 458 107y 2361 935) 1
WAITT 256 336 ™) 1391 2443 £02% 1
MOTI LE? 156 379 2659 1947 53154 4
MO 1.7 ] ) 1aT 197k 5344 T}
MO 147 259 187 175 1457 S118 15
TP 192 [T 2765 1.475 519 43
TRIZ 1.50 2.3 351 2455 2.235 5463 £
TRIS 2.33 343 415 3138 1985 623 *
THPY 25 3.2 475 333 1454 a5 P
NV 20 274 105 [ 1888 5360 a0
INV2 249 313 425 32% 146t 5450 a7
TR 277 338 451 351 2031 7133 i
[ 162 313 441 3371 2264 76T 0
INVS 242 318 441 FETS 1.782 55963 %
Vs 142 244 [T 175 1,425 S a7
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Tabsle &, Cinai,
Avera
Waste Futey Naarhie Defuzzification :,:‘:';‘;: CLoW  Rank
1 m ]
INVT 33 343 4n 347 2.295 Fr) 13
DEF1 246 3,13 478 3750 2489 6822 7
[CHEFT 241 ETE 476 am 1750 e EN
DEFS 272 336 e 245 2028 73 16
DEFY 313 35 455 FT=) 2,255 )
DS 231 247 40 AR 1.8 579 31
DS 249 323 449 3410 1,805 6154 bl
DEFT 246 X 4 ERIT) 1707 545 %
UT1 233 282 4 ETE) 1.953 5945 e
UT2 246 202 47 1155 1.9 A7 =
T 233 97 4@ EYid 2170 G677 z
UT4 269 323 44 331 224 7611 ]
uTS 262 318 e 130 2475 g2 5
UTh 214 321 P 3345 2072 &5 T
U7 259 321 478 331 129 T 15

In this research, waste has been identified in the three pillars of the HEI process: teach-
img, research, and community Service [59], as well as supporting activities. As seen in
Table 5, 59 types of waste have been identified and grouped into eight types: over-produsction,
over-processing, walting for Hme, mokion, excessive transportation, invenbory, defects, and
underutilized talent. LM aims to improve effidency and effectiveniess by reducing waske.
Furthermare, efficiency and performance improvement will mprove quality, and HERs rus!
wark together with all stakeholders [60] Bevause of the number of waste in HEL, the pricr-
ity af waste reduction must be determined. Waste reduction privritization s brissaed on the
criticaliby level of waste (CLoW) value, The CLaW cabculation consists of teo stages: the first
stage is calculating the waste scome through students, academics, and mon-academic staff
questionmaires; the second stage s caloalating the criticality scale of each type of waste by
deans, deputy diesns, heads of department, and heads of quality assurance offices, Having,
four stakeholdiers, this study represents the population better than the previous studies, which
Hﬂ]}' imeluche o stabosbwobder [1,710,35, 35

According to the Pareto principhe, the first twenty percent or twelve top ranks of the
CLoW should be priceitized for reduction, as can be seen in Table 7,

Table 7. Waste reducticn priority,

MNa. Code Wasle Procoss
1 WAITA Thi infermation system or internet broken divvn Teaching, Suppnhr::gc:;\r'?;mw Senvices.
2 WAIT3 ‘Waiting for the procurement of gacds Teaching, Supmhr::gc:;:;mw Servloesy
Teaching, Ressanch ared Commuirity Services,
3 WATITE Awwaiting repair of braken fGoiities Supiparting Adtivity
1 DEFS Biokis eqd ot o Tk o Teaching, Bessanch and Commurity Services,

Supporting Activity
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Table 7, G,

N, Cade Waste Priscuss.

& Teaching, Research and Commurdty Services,

5 " : ¥

] LITE Jourmal datnbeses ame rrely used Bupptting Adivity

L] WaTm Waiting for document appraval Supparting Activity

7 WATTS Waiting to search for files, books, or docwments SBupporting Activity

-] DPCE Lomp burviacracy Supporting Activity

9 OPCs Blepeabecd enbry of the sane datn Teaching e Supparting Actyity

Lecture/ mesearch matenals fequipment : R foo
1mn INYV4 mot avadlable (oamals, |nhlr.ﬂw;.' Teaching, Gy h::c:::l':imry Saatlcag
equiprment, softwared FPREENE -
11 LTa Lack mumber od research and commurdby service HEesearch and Commamity Services
11 WAITL Course schedules that cause students 1o waidt Temching

Tor recduce the prioritized waste, several activities are proposed, among others:
Redesign of university imformation systems, Table 7 shows the waste that is priori-
tized tobe eliminated is “The information system or internet broke down™ (WATT4)
Whereas the utilieation of information and communication technobogy (1CT)is an
ab=plute necessity that must be undertaken and utilized by HELs. Therefore, évery
HEI meeds a reliable and integrated academic information system. Based on inter-
views, the curment state of the information systerm inchsdes a lack of data indegration
between departments and supporting work units; there is still & kot of manual data
or docurnents; the information system network often breaks dewn Therefore, the
university must improve its information syskem and fransform it inko indernet-based
techmology, Information sysberns integrate all components, such as people, manage-
ment, business processes, and organizational culture [o1], As likewise argued by
M. Akour and M. Alenezi [62], the development of internet-based technology has
changed the educational emvirenment and aided HELs in making the switch tedigital
beaming, The e of informatbon systems is essential and necessary o achieve good
undversity governance [65,64] Several improvements to the information system that
can be made include integrating all acadermic and non-academic data throughout
the university and digitizing all processes and documents. HEL information system
mprovements ane ﬂpa’.‘hﬂd to perduace some other waste :i:nc|u|.ﬁn3 wraiting o fimd
files, books, or decuments (WATTS), repeated entry of the same data (OPCS), long
bureancracy (OPC8Y, waiting for document approval (WAIT2), repeated docurment
checks and for npputwals (O3,

Improvement of procunement and maintenance sywhemmis. Effective procurement
planning and procurement and maintenance processes will support the smooth
running of business processes, Currently, the university does not have an adequate
procunement system. This causes the procurement proces to take a long time and
sometimes the procurement of goods does not match what is needed. Some of the
improvements that can be made include establishing a procurement systemn and
imcreasing thie axpertise aof procurement staff. Improoement ot the procurement
and maintenance system will reduce waste waiting for the procurerment of goods
(WAI'T3), awaiting repair of broken facilities (WALT6), and broken equipment or
infrastructure (DEFE);

Internaticnal joumal subscriptions, For conducting good research, appropriate and
up-to-date joumal references are required. To obtain the necessary articles, HEI
miust subscribe 0 enough appropriate joumals. Currently, undversities subscribe to
journal databases via Science Direct limited to several disciplines, However, research
Feuires i:nh.-n:h'm:'rp[lna:}- a.n.:lJy'us =t the uriversity should subscribe o another
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journal database, Incaddition, academic staff and students can acoess the database of
jourmals subseribed b by The Dinctorate General of Higher Education—Ministry
of Education and the Cultural Republic of Indonesia and the National Library of
Indonesia. It will reduce the lack of research and community service (LIT4) and the
urabsorbed research and community services budget (U6 and UT7);

d Improve work equipment and laboratory equipment and provide teaching and re-
search software, Besides providing laberatory equipment and research and teaching
software, resouros sz}uri:n“ is important. Any equipment and software must be
shiared with other departments. Bt will reduce waste equipment moverment (MOTZ),
no necessary equipment available in the room /classtoom (TRP4E and waste reguired
materials -uqulpl:ruenl‘ not available (N3}

e Integrated course schedule development. Course schedules and noom usage should be
propared jointly between study programs, It will reduce waske oourse schedules that cause
sthudents o wait (IWATTTL unbalanced bactume da.il}' schesduless (OFRA), muwing between
dassrooms (MOT), inappropate dass capacity [INV2), and unused dassmoorms (DEFS).

5, Conclusions

The criticality level of washe (CLoW) framewaork developed in thiz article can be used
I:y organizations, r.-.tpeciau:,.' HEIlx, to determine waske reduchion privrities, This Framework
hias been applied toa private university and can be applisd in a public university because
both have the same busingss process, namely, the three pillars of the HE] process: teaching,
research, and community service, as well as supporking activities The prioritization of
waste that must be reduced becomes the starting point fiir the Emproy ement 'p|.a.n. HEI
stakeholders include students, graduate users, students" families, university leaders and
emploves, suppliers, secondary schools, other universities, industry, the state, government,
taxpayers, and prodessional organizations [42,65]. In this article, we determined the priority
af waste reduction, considering the input of four stakeholders, namely students, academics,
non-academic staff, and HEI leaders. [t s ndevant becavse these four stakeholders can
determine the existence of waste. The practical contribution of this study is that this
framewrork can be used for waste prioritization in HEI as well as in school. The theocnetical
contribution of this :tud]r:il tas Hill the r\:s:ﬂ:h:hﬁ of waste reduction pricritization in all
aspecks of HEl activities, 'un'ul\ri.nE all HEI stakeheld ers imvolved in the business process
i, students, academics, nom-academic staff, and HEI leaders), The Timitation of this
research is that it unl)rdl:trrmin:t the: priority of waste reduction and pnrv'id:t suggestions
for improvement. Considerably more work will need to be done to develop selection
methods of improvement progects to reduce waste.  Another possible future research
avenue wioild be to nse mulbi-criberia methods o determine Cloly.
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Appendix A

Diear Students, academic, and non-Academic Staff

Flease help to fill out the questionnaire for our research. This questionnaire is solely
used for academic purposes, All data collected will only be used for academic purposes.

For all your help and cooperation, we thank you

Etpl:maliun and Instructions for kamp]zﬁng the Qhaestionmaire:
1. Waste is any activity that uses resources but does not add value to the customer.
Waste im higher education describes all activities im the field of education/ teaching,
research, and cemmunity service as well as supporting activities that do not provide
added valuee {non-value-added achvity);
3, Give your opinien about the ccourmence of waste where vou work feollege, by arossing

(%) one of the answers below,

1 Never Oocurs (NOY

2 Jl.:re‘l}ri)cr_urslllﬂi

3 Ofteny Ohoers {00}

4: Very Often Ocours (VOO0

Gender: M/F

Faculty

P

Table AL, The guesticniaine ocourrenee level of waste

_ Waste Oecurrence
MO RO o0 Vi
1 Excessive/ repatitive infermabion /armouncements 1 2 3 +
2 Establishment of imnecessary academic and administrative units 1 2 3 4
3 Prowiston of unrecessary faciliies 1 2 3 1
4 Unbalareed lectune daily schedule 1 2 3 4
5 Lecturers privt ot boo iy bechone measterials, questions, puamals, e 1 2 3 4
i T academic staff 1 2 3 4
7 Rgprhhw wirk /tagks 1 3 1 i
L] Courses that are koo varssd 1 2 3 4
i Bupuabed document checks and approvals 1 2 3 4
10 betings with the same toplc repeabed by 1 2 3 4
11 Repeated entry of the same data 1 -] 3 4
12 Unirecisssary ar excessive m?nft."ln.'.lc i 2 el 4
13 Thee letuarer discussis fhe same bopic nepoatedly 1 2 3 4
12 Long bureaucracy 1 2 3 4
13 Conarsae schedules that couse shudenbs to wait 1 2z 3 4
1 Waiting for decument approval 1 2 3 4
17 Waiting for the procurement af grods 1 2 3 4
18 Thee information systermn o tternet s o brenkdown
19 Waniting bo serch for fles, books, or doouments 1 2 ; 4
| Awaitmg repalr of broken facilibics 1 ] £ 4
21 Long research proposal submassion prooess 1 2 k] 4
22 Moving between classrooms 1 2 El 4
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Table AT, Coiif.
Mo Washe ecunce
MO RO oo Vi
23 Equigment mivvemen 1 2 3 +
2 Equipment ks stored away from sehere it is used 1 2 | 4
5 Mowvement of decuments ar materizls 1 2 3 4
% Bringirg lectune materials bouks, amd tenchirg egquipment bo the 1 2 2 1
classroom abaratory.
w Seabfer campus location 1 2 3 4
28 o mecessary equipment available in the room s dasmom 1 2 3 4
L) Owver inventory of materal/ satiomery 1 2 3 4
30 [Inappropriate class capacity 1 v 3 4
k| Beguired makerials, equigament pobavailalkdhe 1 2 3 4
i Lectare/esearch materials fequipmmnent not availabile Gjoarmals, labaratory T 7 3 i
eguipment, sxftware]
1 Plany similar documents 1 2 3 4
34 Purchasing matenalks bedore they ane necded 1 2 3 4
35 Erepmg decuments far too long 1 2 X 4
36 Lot e missesd imdormabon 1 1 3 4
I Bepeabed work at thie etad of berm, e remesdial, recorrection 1 2 . 4
38 [Drata ety eroer 1 2 3 +
3 Broken equipment or infrastruciure 1 2 A 4
Al Unused dlassroams 1 2 3 4
41 [ncoamgehete docume s 1 2 3 4
42 Ervut entering mark 1 ) 3 1
43 Unused tlems) skills 1 2 3 4
E+ Krowledge or expertise that is not shared 1 3 3 4
45 Academic/ morracademic staff assigraments ihat ans not under Budr ecperbse 1 4 3 4
4h Lack rumber of feseardh and community servicoe 1 2 3 4
& Joarinnl databuses ane ranely ussd 1 2 F ] 4
M Uniabsorbed nsearch budgel 1 ] k] 4
4 Urniabsorbed community services budpet 1 2 3 4
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