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ABSTRACT

Focused Improvement (FI) teams in Total Productive Maintenance (TPM) must
decide which loss-reduction initiatives to pursue first, yet TPM prescribes no
method for this choice, and plants usually rank initiatives by loss cost. This study
develops and tests a multi-criteria framework for this decision. An Analytic
Hierarchy Process (AHP) hierarchy of four criteria and 16 sub-criteria, derived
from the JIPM loss structure and the literature, was weighted by 15 division and
department heads of an Indonesian pipe manufacturer, 12 of whom then compared
five initiatives from the plant’s 2026 improvement portfolio. Consistency,
consensus, alternative aggregations, weight sensitivity, critical weights and a
bootstrap over experts were analysed. Business impact received the highest weight
(0.448), followed by sustainability (0.285), operational urgency (0.177) and
implementation feasibility (0.090); customer impact, long-term benefit and quality
outweighed cost reduction. The yield-loss initiative ranked first in 99.9% of
bootstrap panels, and a quality initiative with the smallest realised saving rose from
last to second place, so the AHP ranking agreed only weakly with the monetary
ranking (p = 0.40). Loss cost should therefore inform, but not decide, the order of
FI initiatives. The study extends AHP in TPM from ranking success factors to
ranking FI initiatives and shows that managers value customer impact and risk
above loss cost.

ABSTRAK

Tim Focused Improvement (F1) dalam Total Productive Maintenance (TPM) harus
menentukan inisiatif pengurangan /oss mana yang dikerjakan lebih dahulu, tetapi
TPM tidak menetapkan metode untuk pilihan ini, dan pabrik umumnya
mengurutkan inisiatif berdasarkan loss cost. Penelitian ini mengembangkan dan
menguji kerangka kerja multikriteria untuk keputusan tersebut. Hierarki Analytic
Hierarchy Process (AHP) yang terdiri atas empat kriteria dan 16 subkriteria,
disusun dari struktur loss JIPM dan literatur, dibobot oleh 15 kepala divisi dan
kepala departemen sebuah produsen pipa di Indonesia; 12 di antaranya kemudian
membandingkan lima inisiatif dari portofolio perbaikan pabrik tahun 2026. Analisis
mencakup konsistensi, konsensus, agregasi alternatif, sensitivitas bobot, bobot
kritis, dan bootstrap atas para ahli. Dampak bisnis memperoleh bobot tertinggi
(0,448), diikuti keberlanjutan (0,285), urgensi operasional (0,177), dan kelayakan
implementasi (0,090); dampak pelanggan, manfaat jangka panjang, dan kualitas
lebih berbobot daripada pengurangan biaya. Inisiatif yield loss menempati
peringkat pertama pada 99,9% panel bootstrap, dan inisiatif kualitas dengan
realisasi penghematan terkecil naik dari peringkat terakhir ke peringkat kedua,
sehingga peringkat AHP hanya lemah selaras dengan peringkat berdasarkan nilai
uang (p = 0,40). Karena itu, loss cost sebaiknya menjadi masukan, tetapi bukan
penentu, urutan inisiatif FI. Penelitian ini memperluas penggunaan AHP dalam
TPM dari pemeringkatan faktor keberhasilan ke pemeringkatan inisiatif FI dan
menunjukkan bahwa manajer menilai dampak pelanggan dan risiko lebih tinggi
daripada loss cost.

1. Introduction

1.1. Research Background

economic and environmental outcomes [1], [2]. Studies
of sustainable manufacturing show the same shift:
improvement is increasingly judged not only by cost, but

Manufacturing firms are now expected to produce more
with less material and energy while also proving that
their performance is sustainable. Industry 4.0
technologies combined with Total Productive
Maintenance (TPM) have become a common response,
because they link equipment performance directly to

also by waste, energy use and long-term effects [3], [4].
In water and infrastructure networks, PVC and HDPE
pipes continue to replace metal pipes, chiefly because
they weigh less, are quicker to lay and do not corrode
[5]. Their producers therefore compete in a growing but
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price-driven market in which material efficiency largely
determines margins.

The same pressure is visible in Indonesia. The national
economy expanded by 5.11% in 2025, and
manufacturing, its largest sector, generated 19.07% of
gross domestic product and grew by 5.30% in the same
year [6], [7]. PVC imports rose by 49.39% to US$111.7
million, a surge that market analysts link to
infrastructure projects [8], while the import price index
for plastics (HS 39) climbed from 121.4 to 139.4 (2023
=100) between the first and second quarters of 2026 [6].
For pipe producers, this means strong downstream
demand but also exposure to the supply and price of raw
material. Indonesian manufacturers have begun to adopt
structured, multi-criteria approaches to improve
efficiency and sustainability, for example in tyre,
paving-block and agro-food production [9], [10], [11].
Evidence from the process industries, and from TPM-
based plants in particular, remains scarce.

The case company, an Indonesian pipe manufacturer
(hereafter Company X), shows how this pressure
becomes a concrete decision problem. Its study plant
(Plant A) has implemented JIPM-based TPM and a
Manufacturing Execution System (MES), and converts
its losses into money through a loss cost matrix. Two
features stand out. First, the largest controllable loss,
yield loss from overweight products and unrecyclable
scrap, lies outside Overall Equipment Effectiveness
(OEE), yet it has received only a small share of
improvement themes, while rejects, a minor loss, have
received the most. Second, initiatives are selected at an
annual strategic deployment workshop through
discussion, a Pareto ranking of loss cost and
high/medium/low ratings of benefit and effort, without
weighted criteria. Benefit classes have been applied
inconsistently, effort ratings simply follow the
improvement method, and the initiative portfolio covers
only a small share of controllable losses. Plant A’s OEE
also remains below the 85% world-class benchmark
[12], [13]. The decision is therefore important, recurrent
and, at present, neither explicit nor auditable.

Three bodies of theory frame this problem. The first is
the TPM theory of losses. Of the eight pillars on which
TPM rests, Focused Improvement (FI) is the one
charged with removing the causes of the 16 major losses
[13], [14]. The standard asks FI teams to decide which
losses to attack in each period, yet it supplies no method
for that choice, and it places yield loss among the losses
of production resources, outside OEE [13]. In World
Class Manufacturing, cost deployment fills this gap by
ranking losses according to their attributed cost and
screening countermeasures by profitability, which turns
money into the single yardstick of priority [15], [16].

The second is multi-criteria decision theory. Choosing
improvement initiatives means trading off conflicting
criteria, which is the domain of multi-criteria decision
making (MCDM). The Analytic Hierarchy Process

(AHP) structures such a decision as a hierarchy, derives
priorities from pairwise judgements expressed on
Saaty’s 1-9 scale and checks whether those judgements
hang together; a consistency ratio (CR) of 0.10 or less is
the usual limit for acceptance [17]. The judgements of
several experts can be pooled with the geometric mean
[18], and few decision-support methods have been
applied as widely [19].

The third is strategy—execution alignment. The
Balanced Scorecard expresses strategy as a set of
measures grouped into four perspectives [20], while
hoshin kanri breaks the resulting objectives down into
actions for every level of the organisation [21]. Together
these theories imply that FI initiatives should be
prioritised by explicit, weighted criteria that reflect both
loss data and the company’s targets, a link that is
missing in the case plant.

Studies of improvement project selection supply
structures that could be borrowed. AHP is the method
most often used to choose Six Sigma projects [22], and
hybrid models in which AHP fixes the weights and each
alternative is scored on a common scale have ordered
design projects and maintenance work, including across
695 Indonesian distribution substations [23], [24].

Within TPM, however, MCDM has been applied to
other objects. AHP has ranked TPM success factors
[25], and key performance indicators [26]; AHP-—
TOPSIS and DEMATEL-based ANP with ARAS have
ranked drivers of TPM-Industry 4.0 integration [1], [2].
Studies of TPM implementation also note that poor
selection of pilot equipment hinders success [27]. The
data-driven framework of a study prioritises TPM pillars
and actions by their impact on OEE, so losses outside
OEE, such as yield loss, are not captured [28]. In
Indonesia, multi-criteria methods support sustainability
assessment rather than TPM decisions [4], [11].

Four gaps follow. First, TPM requires FI teams to
prioritise, yet no study offers a structured method for
prioritising FI initiatives themselves. Second, data-
driven TPM prioritisation is anchored in OEE and
misses the losses outside it that dominate process
industries such as pipe manufacturing. Third, cost
deployment, the most systematic loss-based method,
judges initiatives by money alone. Fourth, empirical
evidence from Indonesian process plants is limited, and
existing studies rarely compare a multi-criteria ranking
with the selection practice it would replace.

This study develops and tests an AHP-based framework
for prioritising FI initiatives at Plant A. It uses a
hierarchy of four criteria (business impact, operational
urgency, implementation feasibility and sustainability)
and 16 sub-criteria. It addresses three research
questions. The first research question (RQ1) asks which
criteria and sub-criteria are relevant for prioritising FI
initiatives in pipe manufacturing. The second (RQ2)
asks what weights internal experts assign to these
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criteria and sub-criteria, and whether their judgements
are consistent. The third (RQ3) asks how the resulting
ranking of the plant’s initiatives differs from the
monetary logic of its current Pareto practice, and how
robust that ranking is to changes in the weights and in
the composition of the expert panel. The questions are
answered with the judgements of a panel of 15 division
and department heads, 12 of whom also evaluated five
initiatives from the plant’s 2026 improvement portfolio.

The study makes three contributions. Theoretically, it
extends AHP in TPM from ranking success factors,
KPIs and drivers to ranking the improvement initiatives
that the FI pillar must choose, and it proposes a criterion
set that separates the size of the benefit from urgency,
feasibility and sustainability while bringing losses
outside OEE into the assessment. Methodologically, it
carries the AHP through to the evaluation of real
initiatives by the same panel that set the weights, it
separates the consistency of the judgements from the
consensus among experts, and it tests the resulting
ranking with three complementary checks: deterministic
perturbation of the weights, a critical-weight analysis
and a bootstrap over experts. Practically and
contextually, it gives FI teams a transparent and
auditable tool for the strategic deployment workshop
and adds evidence from the Indonesian process industry.

1.2. Literature Review

1.2.1. TPM, Focused Improvement and the structure of
losses

JIPM describes TPM as a company-wide effort to make
the production system as efficient as it can be: every
kind of loss is to be prevented over the whole life of the
system, and all employees contribute through small
groups that overlap across organisational levels [13].
Recent reviews show that the eight pillars of this model
are being extended with digital tools, with MES
platforms supporting continuous, data-based monitoring
of losses [2], [14]. Within the model, the FI pillar
(kobetsu kaizen) identifies losses, expresses them in
monetary terms and turns them into improvement
themes. The standard expects an FI team to master three
abilities: to see which losses occur and how large they
are, to decide, in line with management policy, which of
them to address in a given period, and to remove them
quickly [13]. The second ability is a prioritisation task,
yet the standard does not specify how it should be
carried out.

Equipment effectiveness is usually tracked through
OEE, which multiplies the availability, performance and
quality rates; plants that reach 85% or more are
commonly regarded as world class [12], [13]. OEE
nevertheless captures only part of the 16 major losses.
JIPM groups them into one loss that limits the operating
rate, seven that limit equipment efficiency, five that
limit human work efficiency, and three that limit the use
of production resources, namely energy, dies and tools,

and yield [13]. Yield loss is defined by the difference
between the weight of material fed into the process and
the weight of good output; in plastics processing it also
covers material used beyond the product standard [13].
In this study, overweight material and scrap that cannot
be reprocessed are treated together as yield loss. Only
the material above an achievable baseline, defined as the
minimum specification plus a process capability margin,
is regarded as controllable, because part of the
overweight is a deliberate margin that protects quality
when machine capability is limited.

Because losses are recorded in different units, such as
hours, kilograms or kilowatt-hours, a loss cost matrix
translates them into money to make them comparable.
In pipe manufacturing, resin is the dominant cost item,
which makes yield loss a direct material loss. A
prioritisation that follows OEE impact alone therefore
overlooks the largest losses of the plant [28]. Loss cost,
however, measures only how large a problem is. It says
nothing about how urgent the problem is, how feasible
its removal is, or whether the result will last.

1.2.2. Prioritising improvement initiatives

Choosing improvement initiatives is a multi-criteria
decision that balances expected benefit, urgency,
resource needs and risk. On the shop floor, the most
common approach is a Pareto ranking of loss cost, in
which the largest losses are addressed first. The
approach is simple and transparent, but it rests on one
criterion. It ignores feasibility, because a large loss may
require capital investment or a long project. It also
misses risk, because a small loss, such as a dimensional
defect, can damage customer trust, and it leaves the
remaining judgement unstructured and difficult to audit.

Cost deployment, developed within World Class
Manufacturing, is the most systematic form of this
monetary logic. The method traces every resulting loss
back to the loss that causes it, orders these causal losses
by the cost assigned to them and selects
countermeasures by their expected return within the
budget [15]. When it is applied to whole production
flows, it shows which types of loss account for most of
the cost and thus where improvement should be
concentrated [16]. Cost deployment makes prioritisation
explicit and auditable, but it judges every initiative by
one yardstick, money, and leaves urgency, customer risk
and the durability of results outside the calculation.

TPM guidance itself points to further criteria. JIPM
separates sporadic losses, which have a single cause and
are removed by restoring basic conditions, from chronic
losses, whose causes are many and interacting and
which call for innovative countermeasures [13].
Automation should be justified by comparing the
investment with the expected gain in efficiency, and
improvement ideas are judged on effectiveness,
feasibility and cost [13]. How these considerations
should be weighted against each other is left to the team.
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Studies of TPM implementation add that the choice of
pilot equipment and the availability of trained people
affect whether improvements succeed [25], [27].

Research on improvement project selection provides
more structure. A study reviewed 59 studies on Six
Sigma project selection and counted 111 methods;
roughly a third of them were MCDM methods, and AHP
appeared more often than any other [22]. Later studies
ranked Lean Six Sigma projects with the Best-Worst
Method [29], combined AHP weights with a normalised
scoring model to choose Design for Six Sigma projects
[23], and used AHP to weight criteria before ranking
PFMEA improvement measures in a forging process
[30]. In Indonesian manufacturing, structured methods
such as Delphi, AHP and TOPSIS have been used to
select sustainability indicators and waste-reduction
measures, and simple, low-cost interventions were
found to rank highest in one case [4], [11]. Outside
manufacturing, AHP has also structured vendor
selection in an Indonesian ICT system-integration
company [31]. Together, these studies show that multi-
criteria rankings can differ from the intuition that the
largest problem deserves the first project.

1.2.3. Relative and absolute measurement in AHP

MCDM methods such as AHP, ANP, TOPSIS,
DEMATEL, ARAS and the Best-Worst Method (BWM)
rank alternatives against conflicting criteria, and AHP is
among the most frequently used of them [19]. TOPSIS
does not itself derive criterion weights, and BWM needs
fewer comparisons [32], although its robustness relative
to AHP is still debated [33]. AHP was chosen because
its hierarchy fits criteria with sub-criteria, its
consistency check gives experts direct feedback, and it
is the method most familiar to improvement
practitioners, which makes its results easier to accept in
a strategic deployment workshop [22].

An AHP model arranges the goal, the criteria, the sub-
criteria and the alternatives in levels. Experts judge pairs
of elements on Saaty’s 1-9 scale, each comparison
matrix yields its weights through its principal
eigenvector, and a matrix is normally accepted when its
consistency ratio is 0.10 or lower [17]. When a study
screened expert groups at CR < 0.1 and at CR < 0.2, the
resulting priority orders hardly differed, so the looser
limit can serve as a robustness check for small panels
[3]. In group decisions, individual judgements can be
combined with the geometric mean, which keeps the
combined comparison matrix reciprocal [18]. Groups
can be aggregated either at the level of judgements (AlJ)

or at the level of the priority vectors derived from them
(AIP), and AIP is common in applied work [34]. Both
procedures can mislead when the experts’ matrices are
inconsistent or the experts disagree strongly, which
makes it necessary to report consistency and consensus
separately [35].

AHP can evaluate alternatives in two ways. In relative
measurement, the alternatives themselves are compared
in pairs under each criterion, so that every judgement is
anchored in a direct comparison of concrete options.
This mode is natural when the set of alternatives is small
and the alternatives are well known to the experts, but
the number of comparisons grows quickly: the more
than 20 initiatives in the plant’s 2026 portfolio would
require at least 190 comparisons per criterion. In
absolute measurement, AHP is used only to weight the
criteria, and each alternative is rated against a fixed scale
[23]. A study took this route, merging AHP weights with
standardised condition scores into a health index that set
the order of maintenance work [24]. Because rated
alternatives do not depend on each other, adding or
removing one does not alter the scores of the rest, which
avoids the rank-reversal problem long discussed in the
AHP literature [36]. Relative measurement, by contrast,
produces a ranking that is valid for the set of alternatives
evaluated and must be repeated when those set changes.

This study uses relative measurement for the initiatives
of the current improvement portfolio, because the set is
small and the experts know each initiative from the
strategic deployment workshop. The sub-criteria serve
two purposes: they define what each criterion covers
when the initiatives are compared, and their weights
show which aspects of an initiative the organisation
values most. The second purpose also prepares the
ground for absolute measurement once the framework is
applied to the plant’s full portfolio.

1.2.4. Prior studies and research gap

Table 1 summarises the studies closest to this research.
They fall into four groups: MCDM applied to TPM,
data-driven prioritisation within TPM, multi-criteria
selection of improvement projects, and loss-based
monetary prioritisation. Read column by column, Table
1 confirms the four gaps set out in the Introduction:
MCDM in TPM has ranked factors, KPIs and drivers but
not FI initiatives; data-driven TPM prioritisation stops
at OEE; cost deployment relies on money alone; and no
Indonesian process-plant study sets a multi-criteria
ranking against the practice it would replace.
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Table 1. Prior studies closest to this research

Study Context and method

Main finding

Difference from this study

Singh and Gurtu (2022) [25] AHP, TPM success factors
AHP, TPM key performance
indicators

AHP-TOPSIS, Industry 4.0—
TPM drivers
DEMATEL-based ANP and
ARAS, automotive firm

Toke and Kalpande (2023) [26]
Samadhiya et al. (2024) [2]

Fallahiarezoudar et al. (2025) [1]

Association rules and network

Lucantoni et al. (2025) [28] analysis of OEE data

Review of Six Sigma project

Pakdil (2022) [22] selection

Nakielski and Ginda (2026) [23] scoring, DFSS projects

AHP-SREM, PFMEA
improvement measures
Sustainable Lean Six Sigma,
Delphi, AHP, TOPSIS,
Indonesia

AHP, vendor selection,
Indonesia

Cost deployment in
automotive and electronics
production

Kastratovic et al. (2026) [30]

Rosiani et al. (2026) [11]; Utama
and Abirfatin (2023) [4]

Hermeindito et al. (2026) [31]

Bertolini and Castellano (2026)
[15]; Hagstrom et al. (2023) [16]

AHP weights with normalised

Top-management commitment is the
most critical factor, followed by
training

Productivity and quality indicators
receive the highest weights

Ranks drivers of integrated TPM

Ranks key drivers of Industry 4.0—
TPM integration

Roadmap of TPM pillars and actions;
OEE improved

AHP is the most frequently used of
111 methods

Hybrid model works for many
alternatives

Technical, economic and operational
criteria combined

Low-cost measures can rank highest

Price carries the largest weight

Losses ranked by attributed cost;
countermeasures by profitability

Ranks success factors, not
initiatives

Ranks KPIs, not initiatives
Ranks drivers, not initiatives

Ranks drivers, not initiatives

Priorities follow OEE; yield
loss outside OEE is not covered

Not TPM; not linked to loss
cost

Not production losses
Not TPM

Sustainability assessment, not
TPM initiatives

Vendor selection, not
improvement initiatives
Single monetary yardstick; no
weighting of non-monetary
criteria

1.2.5. Proposed criteria and conceptual framework

The hierarchy combines the literature above, the plant’s
loss tree and the criteria used on its initiative form. An
initial version with six criteria was consolidated into
four criteria and 16 sub-criteria for the questionnaire, so
that each pairwise matrix stays small and easy to judge,
which can be seen on Table 2. The criteria are designed
to avoid double counting. Each loss enters only one
benefit sub-criterion: material and energy losses enter
cost reduction (CIl.1), machine-time losses enter

productivity (C1.2), and rejects and complaints enter
quality (C1.3). C1 and C2 also look in different
directions. Business impact describes the result an
initiative is expected to deliver, whereas operational
urgency describes the size and pressure of the problem
as it stands today; for example, the performance gap
(C2.3) is the current distance between a KPI and its
target, not the share of that gap a single initiative will
close.

Table 2. Criteria, sub-criteria and their basis

Criterion Sub-criteria Meaning in this study Basis
_ CI.1 Cost reduction; C1.2 Expec_ted benefit aftgr implementation: money no longerh lost on
C1 Business AR o material, energy, maintenance and overtime; extra machine [13]; [20];
. Productivity; C1.3 Quality; C1.4 ’ . )
impact . hours or output; fewer nonconforming products; better customer [26]
Customer impact
outcomes
. C2.1 Problem frequency; C2.2 Pressure of the problem today: how often it occurs, how serious . .
1(1:r2 g]léeratlonal Problem severity; C2.3 Performance  each occurrence is, how far the related KPI lies from target, and Eg}’ [211;
geney gap; C2.4 Risk exposure the risk of leaving it unaddressed ’
€3 Implementation C3.1 Investment need; C3.2 Technical How realistic implementation is with current means: capital
P feasibility; C3.3 Resource availability; required, in-house technical capability, availability of people, [25]; [27]

feasibility

C3.4 Complexity
C4.1 Standardisation; C4.2

time and data, and coordination effort

Durability of the result: whether it can be built into standards,

[2]; [4];

C4 Sustainability ~ Replicability; C4.3 Monitoring; C4.4

Long-term benefit

copied to other lines, tracked in the MES, and kept over time

[14];

Figure 1 shows the resulting four-level hierarchy. The
criterion and sub-criterion weights are set by the expert
panel, the initiatives are then compared in pairs under
each criterion, and the overall priority of an initiative is

the sum of its local priorities weighted by the criterion
weights. Safety improvements and follow-up of
customer complaints are mandatory in the case plant and
are therefore handled outside the ranking.
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[ Prioritise non-mandatory Fl initiatives at Plant A ]
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[ C1.3 Quality
[

C2.2 Problem severity
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—
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C3.1 Investment need C4.1 standardisation
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—
—

[ C3.3 Resource availability

[
[
[
[

-

[ Alternatives: Fl initiatives A1-A5, compared in pairs under each criterion; P_i=Z w_c v_ic J

Figure 1. AHP hierarchy for prioritising FI initiatives at Plant A

2. Research Method
2.1. Research design

The study uses an embedded single-case design. A
single case is appropriate because the aim is to build and
test a decision framework in a setting where the problem
is clearly visible and data are accessible, and the
embedded units are the improvement initiatives assessed
within the case. The approach is quantitative and
decision-analytic: expert judgements are collected
through structured pairwise comparisons and processed
with AHP, first to weight the criteria and sub-criteria and
then to evaluate initiatives from the plant’s current
improvement portfolio. Table 3 summarises the research
procedure.

Table 3. Research procedure

Step Activity Output

Literature review and analysis of the

1 T
plant’s loss tree and initiative form

Initial set of criteria

Review of the criteria with Final hierarchy of 4
2 practitioners and simplification of criteria and 16 sub-

the hierarchy criteria

Pairwise-comparison questionnaire  Individual

completed by the expert panel
Consistency check, aggregation and
4 robustness checks for individual
inconsistency
Pairwise comparison of five
5 initiatives under each criterion by the
same panel
Comparison with the monetary
6  ranking; sensitivity, critical-weight
and bootstrap analyses

comparison matrices

Group weights and
global weights

Local and overall
priorities of the
initiatives

Rank agreement and
robustness of the
ranking

2.2. Case setting and unit of analysis

The case is one pipe manufacturing plant (Plant A) of a
large Indonesian pipe manufacturer, anonymised as
Company X. The plant was selected because it operates
JIPM-based TPM with a functioning FI pillar, records
losses in an MES and converts them into loss cost, and
selects its improvement initiatives at an annual strategic
deployment workshop. The unit of analysis is the
improvement initiative. The alternatives are five non-
mandatory initiatives taken from the plant’s 2026
initiative form, which can be seen on Table 4. The 2026
portfolio holds more than 20 initiatives, and the realised
annual savings of the five selected equal about two-
thirds (67%) of the planned annual saving of the whole
portfolio, so the sample covers a large share of the
money at stake. They were chosen to span the main loss
categories of the plant (yield, maintenance cost,
equipment breakdown, quality and availability), the
three improvement routes in use (kaizen, horizontal
expansion of proven solutions and small group activity)
and the three functions that own improvement projects.
Safety improvements and actions that follow customer
complaints are excluded because they are carried out
regardless of rank. The weights, in contrast, were
elicited at division level, as described under Expert
panel below. The criteria express the priorities of the
pipe division, which apply to all of its plants, and the
weights obtained are then applied to the initiatives of
Plant A.
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Table 4. Initiatives evaluated in Part C

KPI target

Realised annual saving

Code Initiative Main loss addressed (relative change) Route Owner (index, Al = 100)
Reduce yield loss from Yield loss

Al overweight on a high-volume (overweight) Overweight —32% Kaizen Production 100.0
pipe size g

A2 Rationalise ﬁlt?r St(.)Ck variants Maintenance cost Filter cost =90% Horlzoptal Maintenance 27.6
on three extrusion lines expansion
Eliminate breakdowns of the Equipment MTBF +40%: ' '

A3 vacuum pumps of the breakdown MTTR —60% Kaizen Maintenance 37
calibration unit °
Reduce quality rejects in the . .

A4 impact test on one extrusion Quality loss (rejects) Reject rate —81% Horlzoptal Quality 33
line expansion assurance

AS Shorten changeover time on Availability loss Changeover time ~ Small group Production 67
one extrusion line (changeover) —40% activity ’

2.3. Expert panel

AHP draws on informed judgement rather than on
statistical sampling, so the panel was selected
purposively. Two conditions applied: the expert held a
position at department-head level or above in the pipe
division, and the expert had led or approved
improvement projects. Sixteen managers returned the
questionnaire. One response could not be processed,
because both sides of the scale had been marked in 29 of
the 30 rows and the direction of preference could
therefore not be determined. The analysis of Part B is
based on the remaining 15 experts: four division heads
and eleven department heads. They represent plant
management, production, quality assurance,
maintenance, engineering, continuous improvement,
logistics, and demand and supply planning, and they
work at Plant A, at four sister plants or in division-wide
functions. Twelve of the 15 experts also completed Part
C. Their profile is given in Supplementary Table S5.

2.4. Instrument and data collection

The questionnaire was completed by the experts on 7
and 8 October 2026. It contained a respondent profile
(Part A), instructions with Saaty’s scale and a worked
example, definitions of every criterion and sub-criterion
with shop-floor examples, and the pairwise comparisons
among the criteria and sub-criteria (Part B). Each
comparison was presented as one row with a 17-point
scale running from 9 (left element much more
important) through 1 (equal importance) to 9 (right
element much more important). The instrument
comprised 30 comparisons: 6 among the four criteria
and 6 within each group of four sub-criteria. Before
distribution, the definitions were checked with
practitioners at the plant to remove ambiguity, in
particular between cost reduction, productivity
improvement and performance gap.

Part C asked the same experts to compare the five
initiatives in pairs under each of the four criteria, which
gave 10 comparisons per criterion and 40 in total.
Twelve of the 15 experts completed Part C in October

2026. Seven of them revised one or more of their Part C
matrices before the analysis, two of them more than
once, and the final versions are used. A one-page fact
sheet on each initiative accompanied Part C (Table 4 and
Supplementary Table S2). It gave the loss addressed, the
KPI baseline and target, the realised annual saving, the
improvement route, the owner, the investment required,
the departments involved and the plans for
standardisation and replication, all taken from the
plant’s initiative records, so that every expert judged the
same information. Experts were asked to read each
criterion through its sub-criteria; for example, an
initiative was to be judged stronger on business impact
when it offered larger savings, more output, better
quality or a greater benefit to customers.es are expressed
as an index to protect company data. The savings are the
realised annual savings recorded for each initiative; for
A3, the midpoint of the reported range is used. They
serve to reproduce the monetary ranking of current
practice.

2.5. Data analysis
2.5.1. Weights and consistency

For each expert and each comparison matrix 4 of size #,
the priority vector w is the normalised principal
eigenvector of A. Consistency is assessed with the
consistency index and the consistency ratio as can be
seen on Equation (1), where A, is the principal
eigenvalue and RI is the random index, which equals
0.90 for the 4 x 4 matrices of Part B and 1.12 for the 5 x
5 matrices of Part C. Matrices with CR up to 0.10 are
accepted as consistent.

CI

Amax—1 ot
RI

Cl = ,CR = (1)

n-—1
2.5.2. Aggregation

The judgements of the experts are combined element by
element with the geometric mean. As can be seen on
Equation (2), where K is the number of experts: 15 for
Part B and 12 for Part C. Group weights are derived from
each aggregated matrix in the same way as individual
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weights, and the CR of every aggregated matrix is
checked against the same threshold. The global weight
of each sub-criterion is the product of its local weight
and the weight of its parent criterion.

(k))l/K

G
k=1a;;

ij = ( ()

Part B was collected within two days, and no revision
round was held with experts whose matrices exceeded
the threshold, so all 15 valid responses were kept in the
base aggregation. To test whether individual
inconsistency affects the results, the aggregation of Parts
B and C was repeated twice: once with only the matrices
that meet CR < 0.10 and once with only those that meet
CR < 0.20, the more lenient threshold used by certain
study [3]. The resulting weights and rankings are
compared with the base results.

a

2.5.3. Consensus and aggregation method

Consistency and consensus are different properties: a
group matrix can be consistent even when the experts
disagree. Agreement among the experts on the order of
the elements in each matrix was therefore measured with
Kendall’s coefficient of concordance W, computed from
the ranks implied by each expert’s priority vector and
tested with its ¥*> approximation. As a check on the
aggregation procedure, group priorities were also
obtained by aggregating individual priorities (AIP), that
is, as the normalised geometric mean of the experts’
priority vectors, and compared with the AlJ results.

2.5.4. Evaluation of the initiatives

For each criterion c, the aggregated 5 X 5 matrix of Part
C yields a vector of local priorities v;. that sums to one
across the initiatives. The overall priority of initiative i
is on Equation (3), where w, is the weight of criterion ¢
from Part B. This is the distributive mode of AHP
synthesis. Because the outcome of the distributive mode
can depend on the set of alternatives, the ranking was
also computed in the ideal mode, in which each local
vector is divided by its largest element before weighting.

P = 23=1 We Vic 3)

2.5.5. Comparison with current practice

The AHP ranking is compared with a ranking of the
same initiatives by realised annual saving, which
reproduces the monetary logic of the plant’s Pareto
practice. Agreement is summarised with Spearman’s
rank correlation and examined initiative by initiative.
With five alternatives, p is reported descriptively; no
significance test is attempted, because a test based on
five ranks has almost no power.

2.5.6. Sensitivity analysis

Each criterion weight in turn is raised and lowered by
10% and 20%, while the remaining three are scaled in
proportion so that the total stays at one. For each of these

16 scenarios, the global weights of the sub-criteria and
the overall priorities of the initiatives are recalculated.
The stability of the sub-criteria is reported as
Spearman’s p with the base order and as the number of
changes among the top five, and the stability of the
initiatives as their ranks. Equal criterion weights serve
as a reference scenario. Because only 12 of the 15
experts evaluated the initiatives, the ranking was also
recomputed with criterion weights derived from these 12
experts alone (matched panel).

2.5.7. Critical weights

For the initiatives, the smallest relative change in a
single criterion weight that alters the order of any two
initiatives, and the smallest change that displaces the
top-ranked initiative, were located by a fine grid search
with the same proportional rescaling. These thresholds
show how far the judgements of the panel would have to
shift before the decision changes.

2.5.8. Bootstrap over experts

The results also depend on who sits on the panel. To
estimate this source of uncertainty, 2,000 panels of 12
experts were drawn with replacement from the 12
experts who completed both parts. For each drawn
panel, the aggregation of the criterion matrix and of the
Part C matrices and the synthesis were repeated, and the
share of panels in which each initiative held each rank
was recorded.

The calculations were carried out in a spreadsheet and
repeated independently in Python, which was also used
for the critical-weight and bootstrap analyses. The
spreadsheet uses the approximate method (normalised
columns averaged by row), whereas this paper reports
eigenvector weights; the two sets of weights differ by
less than 0.01 for every element and give the same order
of criteria.

2.6. Validity, reliability and ethics

Content validity of the hierarchy was supported by its
grounding in the literature and the plant’s own
documents and by the practitioner review in Step 2.
Reliability of the judgements was assessed through the
consistency ratio of the individual and aggregated
matrices, through the agreement among experts and
through the robustness checks described under Data
analysis. Company data are anonymised, monetary
values are expressed as percentages or indices, and
initiative names are replaced with generic descriptions.
Participation was voluntary, responses were kept
confidential, and the company approved the study.
Because the first author is employed by Company X, she
was not a member of the expert panel, the experts
completed the questionnaire on their own, and the fact
sheet was compiled from plant records rather than from
the authors’ assessment, to limit researcher influence.
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3. Result and Discussion
3.1. Respondent profile

The panel of 15 experts (Supplementary Table S5)
combines four division heads with eleven department
heads from eight functions; eight experts come from
quality assurance, production and maintenance, the
functions that run TPM on the shop floor, and three work
at Plant A. Experience at the company ranges from 3 to
22 years (median 10), and 14 experts had been involved
in at least 20 improvement projects. Twelve experts
(80%) completed Part C; the other three contribute to the
criterion weights only.

3.2. Consistency and agreement of judgements

Table 5 summarises the consistency and agreement of
the Part B judgements (individual values in
Supplementary Table S1). Individual consistency was
low: only 24 of the 75 individual matrices met CR <0.10
and 38 met CR < 0.20, and only R4, R12 and R14 were
consistent in all five matrices. Two patterns account for

much of this. The criteria and C2 matrices of R10 (CR
2.72 and 2.03) suggest that the direction of the scale was
reversed in some rows, and R3 and R8 show nearly
identical CRs in every matrix (about 0.38—0.41), which
points to a repeated answering pattern.

The aggregated matrices, by contrast, were all
consistent, with CR values between 0.009 and 0.029.
When judgements are combined with the geometric
mean, individual deviations in opposite directions partly
cancel out. Whether the inconsistent responses distort
the group weights is examined below under Robustness
of the weights.

Agreement among the experts is moderate on the criteria
(Kendall’s W = 0.45, p < 0.001): 8 of the 15 experts
place business impact first, 5 place sustainability first,
and 10 place implementation feasibility last. Within the
criteria, agreement is weaker, with W between 0.18 and
0.34, although it is significant for every group (p <
0.044). The panel therefore shares a clear view of what
matters most and a looser view of how each criterion
should be broken down.

Table 5. Consistency and agreement of the Part B judgements by matrix

Matrix CR of aggregated matrix

Individual matrices with

Individual matrices with Kendall's W 2 (df =3) P

CR<0.10 CR<0.20
Criteria 0.029 40f 15 7of 15 0.451 20.28  <0.001
Sub-criteria of C1 0.013 60f 15 8 of 15 0.180 8.10 0.044
Sub-criteria of C2 0.009 40f 15 7of 15 0.240 10.78 0.013
Sub-criteria of C3 0.014 50f15 8 of 15 0.337 15.16 0.002
Sub-criteria of C4 0.018 5of15 8 of 15 0.254 11.42 0.010

3.3. Criterion weights (RQ2)

Table 6 presents the aggregated criterion weights.
Business impact received the highest weight (0.448),
followed by sustainability (0.285), operational urgency
(0.177) and implementation feasibility (0.090). The two
benefit-oriented criteria together account for 73.3% of
the weight, whereas feasibility carries about one-fifth of
the weight of business impact.

Table 6. Aggregated criterion weights

Criterion Weight Rank
C1 Business impact 0.448 1
C2 Operational urgency 0.177 3
C3 Implementation feasibility 0.090 4
C4 Sustainability 0.285 2

Amax = 4.078; CI=0.026; CR = 0.029

3.4. Sub-criterion weights (RQ1 and RQ2)

Table 7 lists the local and global weights of the 16 sub-
criteria. The five sub-criteria with the highest global
weights are customer impact (0.188), long-term benefit

(0.128), quality (0.106), risk exposure (0.083) and cost
reduction (0.080); together they represent 58.6% of the
total weight.

Cost reduction (0.080) and productivity (0.074), which
express the size of the benefit, each weigh more than
twice as much as performance gap (0.030), which
expresses the distance to a target; the panel thus kept
apart the two aspects that the framework separates. Risk
exposure dominates operational urgency (local weight
0.469), technical feasibility (0.472) dominates
implementation feasibility, investment need has the
lowest global weight of all (0.009), and long-term
benefit (0.450) leads sustainability. All four within-
group matrices were consistent.

In answer to RQ1, all 16 sub-criteria received a non-zero
weight and were retained. Seven of them, however, each
carry less than 4% of the total weight: problem
frequency, problem severity, performance gap,
investment need, resource availability, complexity and
monitoring. These have little influence on the evaluation
of initiatives.
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Table 7. Local and global weights of sub-criteria

Sub-criterion Local weight  Global weight  Global rank
C1 Business impact (CR = 0.013)

C1.1 Cost reduction 0.179 0.080 5
C1.2 Productivity 0.165 0.074 6
C1.3 Quality 0.237 0.106 3
C1.4 Customer impact 0.419 0.188 1
C2 Operational urgency (CR = 0.009)

C2.1 Problem frequency 0.169 0.030 13
C2.2 Problem severity 0.192 0.034 11
C2.3 Performance gap 0.169 0.030 12
C2.4 Risk exposure 0.469 0.083 4
C3 Implementation feasibility (CR = 0.014)

C3.1 Investment need 0.102 0.009 16
C3.2 Technical feasibility 0.472 0.042 9
C3.3 Resource availability 0.226 0.020 14
C3.4 Complexity 0.201 0.018 15
C4 Sustainability (CR = 0.018)

C4.1 Standardisation 0.231 0.066 7
C4.2 Replicability 0.195 0.056 8
C4.3 Monitoring 0.124 0.035 10
C4.4 Long-term benefit 0.450 0.128 2

3.5. Robustness of the weights (RQ2)

Across the 16 weight perturbations (Supplementary
Table S4), the order of the criteria never changed,
Spearman’s p with the base order of the sub-criteria
ranged from 0.974 to 1.000, and the top five changed by
at most one element, always at fourth or fifth place.
Equal criterion weights, by contrast, give a clearly
different order (p = 0.547). The expert weights therefore
matter, but the result does not hinge on their exact
values.

Table 8 addresses the inconsistency reported above.
With matrices of CR < 0.20 only (seven or eight experts
per matrix), the order of the criteria and the top five sub-
criteria are unchanged (p =0.891). With CR <0.10, only

four experts remain for the criteria, and sustainability
(0.362) moves ahead of business impact (0.304; p =
0.818). This reversal rests on one expert: three of the
four rank business impact first, whereas R15 gives
sustainability a weight of 0.640 and business impact
0.063. Without R15, business impact regains first place
(0.423 against 0.252), whereas removing any of the
other three leaves sustainability ahead. The aggregation
procedure has no effect: aggregating individual
priorities (AIP) gives the same order of all 16 sub-
criteria (p = 1.000), and no local weight differs by more
than 0.011. The robust findings are therefore the leading
position of business impact, followed by sustainability,
and the low weight of feasibility.

Table 8. Criterion weights under alternative aggregations

Experts per

p with base order of

Aggregation matrix Cl c2 C3 cC4 CR (criteria) sub-criteria Top-five changes
All valid responses (base) 15 0.448 0.177 0.090 0.285 0.029 1.000 0
Matrices with CR <0.10 4-6 0.304 0.187 0.147 0.362 0.014 0.818 1
Matrices with CR <0.20 7-8 0.438 0.224 0.112 0.227 0.033 0.891 0
Aggregation of individual 15 0.443 0.178 0.092 0.286 - 1.000 0

priorities (AIP)

3.6. Evaluation of the initiatives (RQ3)

Table 9 gives the local priorities of the five initiatives
under each criterion, based on the 12 experts who
completed Part C. Al leads clearly on business impact
(0.475). A4 leads on operational urgency (0.334),
followed by A3 (0.247). A2 is judged the easiest to
implement (0.348) and leads narrowly on sustainability
(0.299, against 0.278 for Al). A3 receives the lowest
priorities on business impact (0.098) and sustainability
(0.115).

The Part C judgements were far more consistent than
those of Part B (Supplementary Table S3): of the 48
individual matrices, 46 meet CR < 0.10, and the
aggregated matrices have CR values between 0.002 and
0.009. Agreement among the experts is moderate on
business impact (W = 0.47) and operational urgency (W
= 0.40), weaker on sustainability (W = 0.25), and not
significant on implementation feasibility (W = 0.10, p =
0.29). The experts thus agree on which initiatives matter
most to the business and are most urgent, but not on
which are easiest to carry out.
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Table 9. Local priorities of the initiatives under each criterion (12 experts)

Initiative C1 Business impact C2 Operational urgency C3 Implementation feasibility C4 Sustainability
Al Yield loss reduction 0.475 0.189 0.132 0.278

A2 Filter-stock rationalisation 0.108 0.075 0.348 0.299

A3 Vacuum-pump breakdown 0.098 0.247 0212 0.115
elimination

A4 Quality reject reduction 0.159 0.334 0.172 0.177

AS Changeover reduction 0.160 0.155 0.137 0.131

CR of aggregated matrix 0.007 0.006 0.002 0.009
%ggllvz“)i”al matrices with CR <0.10 11.000 12..000 12.000 11.000
Kendall’s W (p) 0.472 (< 0.001) 0.404 (< 0.001) 0.104 (0.290) 0.251 (0.017)

3.7. Overall ranking and comparison with current
practice (RQ3)

Table 10 combines the local priorities with the criterion
weights. Al ranks first with an overall priority of 0.337,
of which 63% comes from business impact. A4 follows
in second place (0.196) although its realised saving is
the smallest of the five; its contribution through
operational urgency (0.059) is the highest of all
initiatives, and its contribution through business impact
(0.071) is exceeded only by that of Al and, marginally,
AS5. A2 takes third place (0.178), supported mainly by

sustainability (0.085, the highest contribution of any
initiative under this criterion). A5 (0.149) and A3
(0.140) close the ranking.

The AHP ranking agrees only weakly with the ranking
by realised saving (p = 0.40). Both put Al first, but A4
moves from last to second place, whereas A2, with the
second-largest saving, drops to third because the experts
gave it the second-lowest priority on business impact
(0.108).

Table 10. Weighted contributions, overall priorities and ranks of the initiatives

Initiative Cl1 Cc2 C3 C4  Overall priority P, AHP rank Saving index Saving rank
Al Yield loss reduction 0.213 0.034 0.012 0.079 0.337 1 100.0 1

A4 Quality reject reduction 0.071 0.059 0.015 0.050 0.196 2 33 5

A2 Filter-stock rationalisation 0.048 0.013 0.031 0.085 0.178 3 27.6 2

A5 Changeover reduction 0.072 0.027 0.012 0.037 0.149 4 6.7 3

A3 Vacuum-pump breakdown elimination 0.044 0.044 0.019 0.033 0.140 5 3.7 4
Criterion weight W 0.448 0.177 0.090 0.285 1.000

3.8. Robustness of the initiative ranking (RQ3)

Table 11 reports the ranks of the initiatives under the
alternative scenarios. The ranking is identical in all 16
weight perturbations, in the ideal mode of synthesis,
with the criterion weights of the 12 Part C experts and
when only matrices with CR < 0.20 are aggregated. Al
is first in every scenario. Two changes occur elsewhere.
With equal criterion weights, A3 and A5 swap places.
With only the most consistent matrices (CR < 0.10), A2
and A4 swap second and third place and A3 and AS
swap the last two places. This change stems from the
criterion weights of the four most consistent experts,
which favour sustainability because of one expert’s

strong preference for it; filtering the Part C matrices
alone leaves the base ranking unchanged.

The critical-weight analysis locates these boundaries.
The order of A2 and A4 reverses when the weight of
sustainability rises by 33% (to about 0.38), when
operational urgency falls by 35% (to about 0.11) or
when implementation feasibility rises by 95%. A3 and
A5 swap when business impact falls by 21% or
operational urgency rises by 41%. Al loses first place
only if business impact falls by 95%, or if the weight of
operational urgency, feasibility or sustainability more
than triples (to about 0.58, 0.48 and 0.92, respectively).

Table 11. Ranks of the initiatives under alternative scenarios

Scenario Al A2 A3 A4 AS
Base (AHP weights, distributive mode) 1 3 5 2 4
16 of 16 weight perturbations (£10%, £20%) 1 3 5 2 4
Equal criterion weights 1 3 4 2 5
Ideal mode of synthesis 1 3 5 2 4
Criterion weights of the 12 Part C experts (matched panel) 1 3 5 2 4
Only matrices with CR <0.10 1 2 4 3 5
Only matrices with CR <0.20 1 3 5 2 4

The bootstrap over experts (Table 12) gives a similar
picture. Al is ranked first in 99.9% of the 2,000
resampled panels. A4 is second in 70.0% of the panels
and A2 third in 57.2%, with the two initiatives swapping
places in most of the remaining panels. AS is fourth in

55.2% of the panels and A3 last in 70.5%. The complete
order of all five initiatives is reproduced in 40.2% of the
panels. In practical terms, the ranking supports a firm
decision on Al, a well-supported but not certain
preference for A4 over A2, and a consistent placement
of A3 and, less firmly, AS in the bottom two places.
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Table 12. Share of bootstrap panels in which each initiative holds each rank (2,000 replications)

Rank 1 (%) Rank 2 (%) Rank 3 (%) Rank4 (%) Rank 5 (%) Median rank 90% interval

Initiative

Al Yield loss reduction 99.9 0.1
A2 Filter-stock rationalisation 0.0 29.3
A3 Vacuum-pump breakdown elimination 0.0 0.0
A4 Quality reject reduction 0.1 70.0
A5 Changeover reduction 0.0 0.6

0.0 0.0 0.0 1 1-1
57.2 13.5 0.0 3 2-4
1.1 28.4 70.5 5 4-5
26.2 2.9 0.9 2 2-3
15.6 55.2 28.6 4 3-5

3.9. Discussion
3.9.1. Interpretation of the findings

The criterion weights show that the experts judge FI
initiatives above all by what they deliver. Business
impact alone carries 45% of the weight and, together
with sustainability, 73%, whereas implementation
feasibility receives only 9%; this contradicts the benefit—
effort matrix used in the plant, where effort counts as
much as benefit. A single dominant criterion is common
in organisational AHP; price carried 58.5% of the
weight in an Indonesian vendor-selection study [31].
The low weight of feasibility also qualifies the finding
that simple, low-cost measures can rank highest [4],
[11]. Senior managers appear to treat ecase of
implementation as a resourcing question after selection,
not as a reason for selection.

The sub-criterion weights show what business impact
means to the panel. The monetary sub-criteria, cost
reduction and productivity, together carry 15.4% of the
total weight, whereas customer impact and quality carry
29.4%. The panel thus partly endorses the monetary
logic of cost deployment but places the customer and the
risk carried by the business above it [15], [16]. This
agrees with study which AHP study of TPM indicators
weighted productivity and quality highest [26], and with
the customer perspective of the Balanced Scorecard [20]
and hoshin kanri [21]. The dominance of technical
feasibility over investment need suggests that the
experts regard know-how, rather than capital, as the
binding constraint on FI work.

These preferences change actual decisions. The yield-
loss initiative, which targets the largest controllable loss
outside OEE, ranked first in almost every bootstrap
panel, so a prioritisation anchored in OEE would
overlook the most valuable work [28]. The quality
initiative A4 rose to second place because of the urgency
and customer risk it removes, whereas the maintenance
initiative A2 fell to third. The weak agreement with the
monetary ranking (p = 0.40) therefore reflects the
panel’s view that a saving on maintenance spending is
worth less than the removal of a defect that customers
can see.

Three features of the judgements qualify these
conclusions. First, many experts were individually
inconsistent in Part B, mostly because they used extreme
scale values, yet the aggregated matrices were
consistent, and business impact remained first under
every check except the four-expert subset, in which one
expert reversed the order. This supports reporting results

at more than one consistency threshold when no revision
round is possible [3]. Second, the Part C judgements
were almost all consistent, which suggests that concrete
initiatives described in a fact sheet are easier to judge
than abstract criteria. Third, consensus was moderate on
the criteria, weaker within them and absent for
feasibility in Part C. Both AlJ and AIP can mislead when
consensus or consistency is poor [35], so it matters that
they agreed here; the weak consensus within criteria still
calls for a facilitated discussion of the sub-criterion
weights before use.

3.9.2. Theoretical implications

The study makes three contributions to theory. First, it
moves the use of multi-criteria methods in TPM from
ranking success factors, KPIs and drivers to ranking the
initiatives that the FI pillar must choose, with a criterion
set that separates the size of the benefit from urgency,
feasibility and durability [2], [25], [26]. Second, it
shows empirically that the managers responsible for
these decisions value customer impact, quality and risk
above the monetary measures on which cost deployment
and Pareto practice rely, and that these preferences
reorder a real portfolio; TPM prioritisation built on one
yardstick, loss cost or OEE, captures only part of how
practitioners value improvement. Third, it shows that
consistency and consensus must be assessed separately
in group AHP, because a consistent group matrix can
hide inconsistent individuals and weak agreement;
reporting both, with critical weights and a bootstrap,
shows which parts of a group decision are firm.

3.9.3. Practical implications

For plants that run TPM, the results suggest four
practices. Loss cost should inform the strategic
deployment workshop without deciding the order on its
own, and feasibility should be settled as a resourcing
matter after selection. The weights should be set once a
year, with a consensus round where agreement is weak
and with forms that show experts their consistency ratio
as they answer. Finally, rankings should be reported
with their robustness, so that near-ties are resolved
openly.

4. Conclusion

This study developed an AHP framework for prioritising
FI initiatives in a TPM-based pipe manufacturing plant
and tested it with 15 division and department heads, 12
of whom also evaluated five initiatives from the plant’s
2026 improvement portfolio. For RQ1, the hierarchy of
four criteria and 16 sub-criteria proved usable, although
seven sub-criteria carry less than 4% of the weight each.
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For RQ2, business impact received the highest weight
(0.448), followed by sustainability (0.285), operational
urgency (0.177) and implementation feasibility (0.090),
and the aggregated weights were consistent and robust.
For RQ3, the AHP ranking agreed only weakly with the
monetary ranking (p = 0.40): the yield-loss initiative
ranked first in 99.9% of bootstrap panels, and a quality
initiative with the smallest realised saving rose from last
to second place. The study has limitations that point to
further research. It examines a single plant, the weights
were set by a division-level panel whose members also
work at other plants, many Part B matrices were
inconsistent without a revision round, and three experts
did not complete Part C. The evaluation covered five
initiatives in relative mode; because they had already
been implemented, the experts knew their realised
savings, which may have influenced their judgements,
and the savings capture only monetary effects. Future
research should apply the framework ex ante and in
absolute mode to the full portfolio, repeat the weighting
with a revision round, compare AHP with the Best-
Worst Method, extend the panel to other companies, and
test whether higher-ranked initiatives deliver larger
benefits.
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