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Abstract: Given the challenges that businesses have when it comes to adjusting to current circumstances and improving
their door-to-door delivery processes, it has been observed that delivery agents are the primary cause of troubles. Ensuring
reliable transportation of air-to-sea cargo on a global level continues to provide a significant and difficult obstacle. The
absence of a formal contractual arrangement between worldwide air and sea freight intermediaries and their clients has
resulted in the prompt settlement of various concerns, such as missing merchandise, shipment delays, and damaged goods
The current study used a quantitative research approach to examine three hypotheses by considering four variables:
"Assurance," "Legal Risk," and "Informal Contract" as the independent variables, and "Delivery of package by agents"
as the dependent variable. The results of the study demonstrate that all of the independent variables exerted a significant
influence on the dependent variable. The study revealed that "assurance" and "perceived legal risk," exert a beneficial
influence on the establishment of informal contracts between Malaysian international air and sea cargo-agents and their
customers in the context of shipping. The variable of "assurance" has a notable influence on the “Delivery of package by
agents". The findings also carry substantial significance for customers, as it offer valuable insights into the uncertainties
and obstacles associated with the informal agreements between Malaysian international air and sea cargo agents and theil
customers pertaining to shipping.

1 Introduction demographic, eliminating the necessity of a brick-and-
Informal contractual agreements and direct-to-hom@ortar establishment [4].

delivery services are prevalent in diverse regions across the Personal relationships and trust are key factors in
globe, including Malaysia. The utilization of an informalcorporate dealings across various cultural contexts.
commerce and distribution technique might yield bothformal agreements may be more prevalent in such
benefits and drawbacks [1]. This paper explores the noti6icumstances [5]. The rise of the informal sector can be
of informal contractual agreements and direct-to-horigfluenced by various economic factors, such as the
delivery services, and their ramifications in manypresence of small firms or cottage industries. These
geographical contexts, with a specific focus on Malaysignterprises may face limitations in terms of their capacity
Informal contractual agreements pertain to busine@ participate in formal contractual agreements [6]. The
arrangements that lack formal legal documentation, insteitiormal economies of Malaysia have played a key role
relying on unwritten understandings or verbal agreemerifgoughout history, notably within areas such as agriculture
[2]. These agreements frequently depend on trust affid small-scale retail. Local marketplaces, street vendors,
interpersonal connections among the involved parties. TR&d certain online platforms are characterized by the
terms that may be incorporated encompass aspects sucRrgsence of informal agreements and conventional
pricing, delivery, payment methods, and product specdistribution systems. Informal agreements have the
Although lacking the legal enforceability typically Potential to cultivate strong connections between
associated with formal contracts, these agreements offg#stomers and suppliers, thereby facilitating individualized
retain binding power in numerous instances as a result@fstomer experiences [7]. Direct-to-home delivery is a
prevailing social and moral values. Direct-to-hom&onvenient solution for clients, as it enables themto receive
delivery services refer to the practice of transporting goo@i§oducts directly at their place of residence, hence
directly to the households of clients, hence circumventifginimizing the need for additional time and effort.
conventional retail channels [3]. The adoption of this The research problem associated to delivery services
methodology has garnered attention as a result ®pd their agents, lies with the absence of adequate legal
developments in e-commerce and logistics technologi&@feguards and the ability to enforce them may result in
E-commerce offers clients enhanced convenience af@nflicts or violations of contractual —obligations.

enables businesses to expand their reach to a broalf§ensistencies in quality control have the potential to
impact consumer satisfaction and the overall reputation of
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the market. Insufficient market openness antb determine how shipping businesses make efforts to
competitiveness may result in inefficiencies. The dynamuptimize their operations with the aim of minimizing costs.
nature of the environment is associated to the proliferatidihe finding reveals that decreasing transit times, and
of e-commerce platforms has led to a progressivenhancing the overall efficiency of the supply chain
integration of digital tools for transactions and deliveriesmprove the delivery services entirely. This encompasses
even among informal firms [8]. Governments in differenseveral elements such as route optimization, container
nations, such as Malaysia, may endeavour to achieveusage, port handling processes, and inventory management
harmonious equilibrium between promoting informa[10]. The optimization of cargo transportation not only
economies and ensuring legal safeguards for consumgialds advantages for the companies involved but also
and enterprises. Furthermore, the prevalence of infornfakilitates streamlined global trade patterns and mitigates
contractual agreements and direct-to-home delivesarbon emissions [11]. The shipping sector is facing
services is observed in diverse countries, with themounting pressure to embrace environmentally sustainable
dynamics being influenced by cultural, economic, anthethods as a result of growing apprehensions regarding the
technological variables. Although these methods includietrimental effects of air and water pollution, greenhouse
certain advantages, they also present issues that haveghae emissions, and their consequences on marine
potential to influence market dynamics and consumecosystems [12].
experiences. The delicate equilibrium between informal According to Cichosz et al. [13], recent advancements
and formal procedures necessitates a sophisticatealve enabled the generation of more precise forecasts
evaluation encompassing factors like as trust, legality, apértaining to the stochastic nature of cargo quantity and
the general efficiency of the market. freight. Consequently, this has facilitated the handling of a
In order to gain a full understanding of the prevalencégrger volume of ships and cargoes within a given time
characteristics, benefits, problems, and socio-econonfiame, leading to enhanced efficiency and profitability in
repercussions associated with informal contractuahipping systems. Furthermore, according to Broekhuis
arrangements and direct-to-home delivery services and Scholten [14], the social contract existing between
various geographical regions, this study specifically focusuyers and suppliers has a significant impact on the formal
on the context of Malaysia. The objective of this study isontract and contract management. The authors argue that
to offer a comprehensive understanding of the intricaciesntract concerns pertaining to customer focus and buyer-
of informal contract associated to delivery services. Thaupplier relationships play a crucial role in aligning the
study also provides some implications for both firms aniditerests of buyers, suppliers, and customers. The study
consumers, and the prospects of integrating informebnducted by Saka et al. [15] examines the comprehension
activities with formal legal structures toward deliveryof material management and post-contract waste
services provided by delivery agents. Through aminimization among quantity surveyors, with the aim of
investigation into delivery services influence on informabptimizing value for money. The study employed a
contractual agreements and direct-to-home deliverpaterial management process model and employed a
services in various ways, this research contributes quantitative research approach. The findings suggest that
analysing the variations in practices and identify commaguantity surveyors have a significant role in the
trends. By doing so, it also contributes to a comprehensimgnagement of materials within the context of informal
understanding of the dynamics of these agreements aahtracts.
services, their impact on different regions, and potential A previous study in this domain was undertaken by
strategies for optimizing them within legal, regulatory, an8usanty et al. [16]. The research was conducted within the

technological frameworks. context of small and medium-sized enterprises (SMEs) and
provided evidence to support the notion that a considerable
2 Rdated work challenge encountered by several firms is the absence of

The generalizability of findings pertaining to theeffective coordination throughout their supply chain. The
evaluation of informal contractual agreements and direcmall and medium enterprises (SMEs) who specialize in
to-home delivery services, together with theiBatik production, situated in Pekalongan, an area in Central
consequences in different areas, such as Malaysia, may $@¥a, have faced challenges resulting from the influence of
be readily transferable to other contexts. Thoroughformation exchange and informal contracts on the level
examination of contextual elements is required in order & trust created between them and their raw cotton fabric
derive more comprehensive results. Several significafigPplier within the batik industry. The study adopted a
difficulties and obstacles that require attention have be&tixed-methods approach, incorporating both qualitative
discovered in the investigation. This paper aims to givead quantitative research tools. The results suggest that the
review of past empirical research pertaining to deliverjractice of exchanging information and forming informal
services and informal contracts. agreements has a significant influence on strengthening the

It has been determined that the optimization of cargéggree of trust among small and medium-sized enterprise
transportation efficiency is of paramount importancéSME) owners in the batik sector and their suppliers.
within the shipping business [9]. The study was conducted

~162 ~
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As stated by Benitez-Avila [17], there is a barriegap may pertain to an insufficient investigation of the ways
related to the sequential operation of contractual amal which established enterprises may effectively adjust to
relational governance elements, as well as thar capitalize on these practices, as well as the means by
incorporation of trust and relational standards. Thehich potential obstacles, such as quality assurance or
research utilized the theoretical framework of contradégal conflicts, can be effectively managed. This study
design theory and employed a quantitative researeims to investigate the effects of informal contracts
approach. The results of the investigation indicate that thetween package delivery agents and their customers on
successful facilitation of contract agreements can hbke shipping process.
achieved by employing informal, social, and economic
incentives. In their study, Vasan and Chavan [18 Research methodology
employed the concepts of "Vessel dwell time,” “Terminal The current investigation employed a quantitative
dWG”time," and "Street dwell time" to examine the proces@search approach' characterized by the Systematic
of Indian customs green channel clearing within thgxamination of hypotheses derived from a theoretical
jurisdiction of India. The researchers adopted a qualitatifeymework [19]. This procedure entails the gathering of
case study approach to analyse this phenomenon. Tha on particular variables assisted by the utilization of
scope of this study is limited to examining the delivery timgtandardized instruments. In contrast to qualitative
in India, with a specific focus on the duration it takes for @Chniques, which entail active engagement between the
shipment to reach a port or airport within the country. Th@searcher and participants, quantitative methodologies
diSCOVGry ImpIIeS that it would be beneficial to assess t%opt a more detached approach, a”owing participants to

performance of other nations both |nd|V|dua”y aane passive observers in the research process.
collectively, in accordance with the Trade Facilitation

Agreement (TFA) of the World Trade Organization31
(WTO), in future evaluations. )

The main research gap in the context of both ) . .
theoretical and practical perspectives pertains to the lack of 1€ Pasic paradigm proposed for this current research

a comprehensive comprehension and empirical eviden'éedeP'Cted in Figure 1. This ".‘Ode' is predicated on the
concerning the ramifications and outcomes of th remise that the research aims to construct a novel

widespread utilization of informal contracts associated #5Mework that incorporates factors derived from previous

direct-to-home deliveries within Malaysia's commerci mpirical stgdies. This g’gudy proposed the utilization of
environment. The research gap may pertain to a m r key variables, specifically referred to as "Assurance

specific area or topic. An additional area of research th S? "Legfal Rilfk LFE))'" "mf(:éma,l, _(I_Zr(])ntrac(;c IC)." apd
might be explored pertains to the insufficient investigatiofP V€Y of package by agentSE)” The study examines

of the interplay between informal transactions an e relationship between the independent variables of

established legal frameworks, particularly with regard tdAs.surance':‘" and "Legal R',',Sk’" the mediating faptor
the protection of consumer rights. Moreover, it jvariable of "Informal Contract,” and the dependent variable

imperative to comprehend the various opportunities arffi ‘Delivery of package by agents".
problems that arise from informal commerce. The research

Conceptualization and development of
hypothesis

Delivery of
Package Y1l

Informal

contract.
¥2

Legal Risk
X2

Figure 1 The proposed conceptual model
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The operational definition of the variable "Informalrecognition. This study recognizes the presence of both
Contract" refers to an agreement between customers aedistered and unregistered firms within the Air and Sea
cargo agents that is not documented in writing and is nioeight agent industry, hence justifying the consideration of
legally binding. "assurance" as a variable for examination.

The operational definition of the variable "Assurance" According to Kilibarda et al. [22], the sub-construct of
refers to the degree to which a customer is confident tH#&ssurance" can be classified as a constituent element of
his or her shipment will arrive at its destination on time anithe broader construct of "Service Quality" within the
without experiencing any complications. domain of goods forwarding enterprises. These companies

The operational definition of the variable "Legal Risk'frequently offer a variety of services that demonstrate
Represents the level of potential legal complications dlifferences in their organizational structure and level of
risks associated with formal contracts or transactions. duality. The quality of service in this specific instance can
influences the decision to opt for an informal contract duse ascribed to the agent's level of skill in carrying out their
to the desire to avoid legal complexities. tasks. The logic of the present study is consistent with the

The beginning of the process known as "delivery afotion that conceptualizing Assurance as a determinant of
packages by agents" occurs when a customer and an agenvice delivery is equivalent to asserting that Assurance
come to an agreement regarding the delivery of ks an impact on service quality, as posited by Kilibarda et
customer's package from the customer's country of souregs [22]. Based on the aforementioned reasoning, the
to the country in which the package is to be delivered. ThHigypothesis 1 to 3 are formulated as follows:
is the last variable.

H1: The level of assurance is positively associated with
3.1.1 Thelevel of assurance associated delivery of package by agents.
to the delivery of package by agents H2: The level of assurance is positively associated with

In the context of assuring the quality of delivery of informal contract between delivery of package by
package by agents, this study examines the relationship agents and their customers.
between the amount of assurance connected with tHS: Informal contract mediate the relationship between the
delivery process. The establishment of particular standards level of assurance and delivery of package by agents.
would enhance the level of confidence and certainty
between clients and cargo brokers about package delive3yl.2  Thelevel of legal risk associated to delivery
When dealing with a situation governed by an informal of package by agents
contract, it is necessary to thoroughly analyse the The concept of "legal risk" refers to the probability that
procedures involved. This research aims to examine tha organization or an individual would face legal
relationship between the level of assurance and the delivedifficulties or unfavourable consequences due to their
of packages by cargo agents, which is consideredfalure to comply with applicable laws, regulations, or
significant concern in this study. The rationale for thisontractual obligations [16]. The rationale behind
assertion stems from the notion that, in the context ekamining the correlation between legal risk and package
package delivery, there exists a prevailing preference fodalivery stems from a recent study endeavour that has
heightened degree of certainty, as it engenders a greateestigated the difficulties faced by Freight Forwarding
sense of confidence in the successful achievement of thgents in meeting client expectations. According to
intended outcomes [20]. The present study is driven téarunart and Panjakajornsak [23], the study has
examine the impact of certainty levels on package delivespecifically identified legal concerns, such as disputes
by utilizing informal contracts. pertaining to delivery and parcel damage, as noteworthy

Furthermore, it is crucial to acknowledge that when thelements that contribute to customer discontent.
act of delivering anything is closely linked to a substantidhsufficient decision-making and operational procedures,
degree of assurance, it indicates that appropriate stepscompassing substandard logistic practices and
evaluations, and precautions have been put in placeibaccuracies in service delivery, equipment management,
minimize potential hazards, guarantee the excellence of thest estimation, and booking and delivery services, have
service, and bolster reliability. Nevertheless, it is crucial tihe potential to result in financial losses for all stakeholders
evaluate the possibility of extending the scope of assurarjéd]. Hence, it is crucial to optimize logistical operations,
to include scenarios in which it is relevant. This involvemcluding responsibilities such as organizing deliveries,
assessing the various processes, verifications, asehding freight, and selecting transportation modes. Dua
protections that have been put in place to ensure thed Sinha [25] argue that the achievement of market
dependable transportation of commodities via informalomination necessitates the prioritization of low cost and
contractual agreements. Kilic et al. [21] utilized theesponsiveness as crucial factors for attaining success.
theoretical construct of "Assurance" to evaluate its impact The contractual agreement between the logistics
on the perceived superiority and quality of assuranceervice provider and the client acknowledges the existence
services rendered by accounting companies with officiaf product liability as a potential legal and financial risk
accreditation in comparison to those without sucthat might affect both parties. Product liability pertains to
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the legal accountability associated with defective goodgossess legal enforcement, they can nonetheless be
The hypothesis that can be derived from thealuable in clarifying the objectives and expectations of all
aforementioned argument is as follows: parties involved. This can facilitate productive discussions
and negotiations with the goal of reaching a mutually
H4: Legal risk is positively associated with delivery ofagreeable resolution [28].
package by agents. It is important to acknowledge that informal contracts
H5: Legal risk is positively associated with informalmay have some limitations when compared to formal
contract between delivery of package by agents amditten contracts, as they lack legal validity and may lack

their customers. specified terms and conditions. Therefore, it is advisable

H6: Informal contract mediate the relationship between tHer courier agents and clients to consider formalizing their

legal risk and delivery of package by agents. agreements through written contracts to guarantee
improved legal protection and clarity [16]. Generally

3.1.3 Informal contract relationship to ddivery speaking, while informal contracts may not possess the

of package by agents same level of legal enforceability as formal contracts, they

The consideration of the correlation between informalan nonetheless significantly impact the delivery process
contracts and the delivery process holds significably setting mutual expectations, adaptability, and a basis for
importance within the domain of courier services. Previowsldressing possible issues. The aforementioned argument
research study underscored the need of cultivating trggves rise to the development of a hypothesis below:
between suppliers and customers to foster a connection
between informal contracts and delivery [16]. Thi$d7: Informal contract is positively associated with delivery
highlights the importance of the level of informality in of package by agents.
contractual agreements. Despite the absence of legal
enforceability, informal contracts can exert a substantiglp  |nstrumentation,  research  population,
influence on the transportation of parcels through many sampling and data collections

mechanisms. From another perspective prior research UseSrpiq research employs questionnaires as a method of

this type of relation on the comprehension of deliveryai, coliection from participants in relation to delivery

ter{ngl,_ \;]Vh'Ch was rei\vealed tr?at .Cas%alt agreetr;]ents vice agents and clients. When constructing a survey, it
establish a reciprocal comprenension between tn€ COURET o \cia 1o offer respondents a diverse range of

agent and the customer concerning the delivery conditiogSqjpjities for option choice and to restrict the number of

52(3'] This_ ianUde facftorshsucc:n as thed time taken_ff uestions per variable to ensure a meaningful interpretation
elivery, Instructions for handling, and any SPeciliGy yne \arigple [29]. To deal with that, the present study

requirements or preferences. In situa’giqns yvhere a for ployed the Likert scale ranging from 1 to 5 (1=strongly
written contract is not present, the participating parties may,

, : sagree —to - 5 = strongly agree). According to Hair et al.
nonetheless choose to abide by an informal agreement g gly agree) g

iding f K for their behaviour durina th 9'7] it is advisable to ensure a sufficient number of items
guiding framework for their behaviour during the course gig 'y 4 igpe prior to doing factor analysis. This measure is
the delivery process. The utilization of informal contract

facili h blish t th d level plemented to mitigate any potential adverse effects on
can facilitate the establishment of the expected level iy o eq)| study instrumentation in the event that it
service and performance in service expectation

. . - ) ONSecomes necessary to exclude specific items throughout
According to Atiku et al. [27], it is possible for the courier; analysis. Consequently, the questionnaire was

agent and the client to develop a shared understandmgc structed to encompass all the variables adopted from

the expected standard of service quality. The requirgg, previous studies, namely Informal Contract, Legal

info_rmation for delivery of package by agents include_ thﬁisk, and Assurance. Additionally, a separate set of
designated state of delivery, the chosen method of delive estions was formulated specifically for the variable

and any additional services that may be desired, such. livery of package by agents" The questionnaire

signature confirmation or insurance. consists of a range of 6 to 10 questions per variable. The

The utilization of informal contracts can provide a4y yilized the questionnaire developed by Susanty et al.
certain level of flexibility and allow for alterations to beg1

de during th fthe dell In th 6] to evaluate the prevalence of informal contracts in
made during the course of the delivery process. 1n the ¢ ivery service involving agents and consumers. These
of unforeseen circumstances, such as a change in

; . . . . tracts encompass implicit agreements between agents
designated delivery location or a delay in the recipien P b 9 g

- : X ) d customers that prioritize the preservation of a
availability, the informal agreement can prowdeabassj@&vourable reputation characterized by integrity and

negotiating _ alternative  arrangements or  developinginess for both sides, as opposed to asserting undue
solutions that accommodate the interests of both partig

161, Inf | fract be utiized : Sminance. The variable known as "Legal Risk"
[16]. Informal contracts can be utilized as a reference po'@ﬁcompasses situations where there is a lack of regulation

for settling disagreements or difficulties that may OCCLEI, uncertainty regarding legal status, which has the

during the delivery process within the framework o}, enia| to undermine the protection and well-being of all
dispute resolution. Although informal agreements do not
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parties engaged in an air and sea cargo transaction. The Analysisand presentation of the results
variable in question has been derived from the research The assessment of collected data is a critical step in
conducted by Wasiuzzama et al. [30]. The variables withgktracting significant insights and reaching informed
the category of "Assurance” pertain to the quantification @onclusions pertaining to the topic or intervention being
the degree of certainty both customers and agents possggéstigated. The choice of analytical techniques and
regarding the successful and punctual delivery @fethodologies is dependent on the specific characteristics
shipments to their intended destinations, free from amyf the research inquiry and the data that has been collected.
complications or difficulties. These items were derivedhe utilization of the analysis employed in the present
from the research conducted by Kilic et al. [21]. study is in accordance with the specific research objectives.

The survey instrument includes a section that addressgse  study employed descriptive analysis for the
demographic information, covering questions that a@emographic variable and inferential analysis for the
essential for comprehending the respondent's traits ar@earch variables as recommended by Hair et al. [19]. It is
overall opinions. The other part of the survey questio§ggested that a comprehensive variable analysis should
involves a “variables questions”. The questions setmmence with the administration of reliability tests and
underwent pre-testing, followed by a pilot test, in which thgyctor analysis, then proceeding to the examination of the
validity and reliability of the questions were assessed prigiterrelationships among the variables. The user provided
to proceeding with final data collection. a numerical reference without any accompanying text.

The concept of a "study population" encompasses alll

individuals or subjects that are the central focus of 21 The profile of the respondent and response
research investigation, and from whom a subset, known as | 5o

a sample, will be selected for the purpose of the study. This 1,4 analysis of response rate and participant

3tu|dy focuse; on those who dutilhiz_e thlg serviE:res o;;fer_ed EMaracteristics was conducted using a descriptive statistical
elivery serwfc_e agef:nts han t ellr clients. To obtain ?a{bproach, and the findings have been clearly delineated. A
approximate figure for the population In question, 1t ig551 of 411 valid replies were gathered for the purpose of
hoteworthy that the n.umber of d?‘""efy SEeIvices and the(f'Emducting analysis. The demographic profile of the
agents be extracted first, hence, in Malaysia in 2022 the{g icinants indicated that a majority of the respondents,
are out 6000 de_llvery agents from a tOt‘?I of 115 COUNeround 629, belonged to the age group of 25 to 34 years,
licenses listed in the "List of Non-Universal Serv'cemaking it the most prominent segment. In confrast
Licensees.” An approximate of 10 to 30 customers pery roximately 20% of the participants fell into the age
per agents was estimated. As a result, this study estim ‘#)egory of 34 years and older. This discovery indicates
a total population of 180000 people from which a samp Bat individuals belonging to the younger age group

as e>.<tracted. . . demonstrate a higher degree of receptiveness towards these
Simple random sampling technique was chosen for this

dv based he fact that it i ina desi d atters. In the context of gender, it was observed that male
study based on the fact that it is sampling design proce g’rticipants shown a greater rate of response in comparison
where in each member of the population has a nonz

X : - BPtheir female counterparts, comprising around 57% of the
chance O.f being chosen for sample, that is there ISanée rall responses. The bulk of participants, namely more
opportunity for every member ~of t_hg population t%han 82%, hold a Bachelor's degree level of education.
participate in the rese_arch [31]'. Krejcie and Morgan's rpq roqits indicated that a significant majority of the
samplg size formulatlor_1 technlque was chosen _f?)rarticipants, around 87%, agreed with the proposition that
extracting the sample size required, because previdii;ing 5 deliberate and planned approach is essential for

studies _frequently cite;d as a reference for establishing t ectively encouraging and promoting the acceptance and
appropriate sample size in educational research [32] Fr lization of delivery services among agents and their

the Krejcie and Morgan's sample size determination tab nsumers. In a comparable manner, the findings of the

Wh'Ch presents a compreh_enswe analy§|s of pOP.UIat'g'ﬂde demonstrate that a substantial majority, precisely
sizes and their corresponding sample sizes for dlfferegio/ exhibited endorsement for delivery services

confidence !evels the sample size for this present StUgYhqucted through informal contracts as it serves as an
should consist of 384 samples as the target. This is becaylse. - of reliability and should be cultivated with

from the table any population that IS more thgn 100,004 eticulous attention to the customer's requirements,
should use a minimum sample size of 384.Immidetely aftﬁ{clinations, and challenges. This suggests that the

setting up the target samples, an online data collectiq;jomentation and use of Informal contract on delivery

questionnaire was developed. DeI!very of package rvices require a more substantial advancement beyond
agents are invited as well as requesting them to forward jective viewpoints or beliefs

guestion to their customers. Furthermore, the questionnaire
is broadcasted through emails, social media platforms a&% The reliability and factor analysis

to related groups. The analysis of the relationship among the variables
was performed. It begins with an extensive evaluation of
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variables by the implementation of reliability testing andonsidered acceptable if they were within the range of 0.50
factor analysis. This is followed by the analysis of thand above, as suggested by Hair et al. [19]. Additionally,
interrelationships that exist among these variables. Thge items were also evaluated based on their eigenvalues,
research conducted an analysis to assess the reliabilityndfich were required to be greater than 1, as indicated by
the study's variables, resulting in a Cronbach's alpliae same authors. All the variables evaluated had an
coefficient of 0.821 when all variables were aggregatedxplanatory capacity of 61.909%, above the recommended
The resultant Cronbach's alpha value obtained from thereshold of 60% total variance elucidated by Hair et al.
analysis can be viewed as a measure of the degree[X8f]. Nevertheless, any value below the specified threshold
internal consistency.  Consequently, given that this deemed unacceptable, resulting in the exclusion of items
signifies the preliminary phase following the gathering ofalling inside that range.

data, the reliability analysis was also conducted on the four

main variables. The Cronbach's coefficient values found in Table 3 The results of the outer loading values
this study are as follows: IC (0.916), LR (0.926), A Assurancg Delivery of Informal | Legal
(0.823), and DE (0.787) (see Table 1). At present, the package by Contract | Risk
variables IC, LR, AS, and DE contain 7, 8, 7, and 7 items agent
correspondingly. The subsequent stage entails thé&S1 | 0.85]
execution of factor analysis. AS2 | 0.88¢
AS3 | 0.80(
Table 1 The result of the reliability study AS4 | 0.812
Latent Cronbach'y Cronbach's Alpha Based ¢ No of ASE | 0.84¢
IC 0.916 0.922 7 AS6E | 0.76¢
LR 0.926 0.928 8 DE1 0.921
AS 0.823 0.831 7 DE?Z 0.93;
DE 0.787 0.798 7 DEA4 0.90;
DEE 0.84¢
The Exploratory Factor Analysis (EFA), was carried |C1 0.68:
out, by assessing the results of the Kaiser-Meyer-Olkincz 0.67:
(KMO) measure and Bartlett's sphericity test on thejc3 0.64
variables AS, LR, IC, and DE. The findings of these tesf§cy4 0.78¢
are provided in Table 2. Hair et al. [19] suggest that thgcg 0.77¢
appropriateness of values for exploratory factor analysig=g 0.78¢
(EFA) can be assessed by evaluating the Kaiser-Mey eTC7 0.68-
Olkin (KMO) values, which should exceed 0.55. In the LR1 - 0.87¢
present investigation, all variables exhibited KMO values -

. X 1T LR2 0.82¢
exceeding 0.5. Furthermore, the Bartlett's test of spheric t‘{RS 0772
yielded statistically significant findings (p < 0.001), —
providing additional evidence for the dependability of thelLR4 0.71-
model's fit. LRS 0.75¢

LR6 0.84¢
Table 2 Results of examination of constructs for exploratory
factor analysis suitability In nearly all instances, there exists a set of elements that
Construct KMO (> 0.50) Bartlett’s Test are excluded, with the exception of the data pertaining to
of Sphericity the ICC variables (see to Table 4). The objective of
IC 0.792 0.00] conducting factor analysis was to enhance the overall
LR 0.841 0.00] accuracy and interpretability of the factor structure. This
AS 0.799 0.00, was achieved by the removal of specific components.
DE 0.828 0.00 However, the omission of these components from the

measurement has the potential to impact the credibility and
Table 3 displays the outer loading values for aleliability of the instrument. Therefore, it is crucial to
variables, this is the baseline indication of the factgcknowledge this aspect. Subsequently, following the
loading required (see Figure 2). The validity of the item@ompletion of the Exploratory Factor Analysis (EFA), an
was determined based on their factor loadings, which weadditional iteration of the Reliability test was administered.
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Table 4 Reliability analysis results for all the variable after EFA

Variables Number of Items Cronbach’s Number of Items Cronbach’s
(Before items deletion) Alpha (After items deletion — Alpha
EFA)
IC 7 0.916 7 0.916
LR 8 0.926 5 0.941
AS 7 0.823 6 0.886
DE 7 0.787 4 0.897
AS]
LN
= 0857
5 eomy
CRge
AS5 ‘/C.‘.?65 Assurance
re
A 1T 0.734
As6 0335 ' DET
S o
0921 DE2
0.037
—0907—»  DE4
0846
DES
Delivery of
package
L o
LR35 a8 Legal Risk
L// ’
LR&
Figure 2 The results of the outer model
4.3 Theanalysisof the hypothesistesting The responsibility of reducing the relationship status falls

The findings demonstrate if there are statisticallyithin the purview of the mediator. Consequently, the
significant associations between the variables in questibypothesis is deemed valid, suggesting that the association
(see Table 5. The column labeled "Relationship Statubetween Assurance and delivery of package by agents is
provides information regarding the nature of thénediated by an Informal Contract.
relationship, indicating whether it is positive or negative. There exists a statistically significant positive
On the other hand, the column labeled "Hypothesis" servegrrelation between Legal Risk and delivery of package by
to determine whether the null hypothesis is accepted agents. This implies that there is a positive correlation
rejected, with the decision being based on the p-valugetween the escalation of Legal Risk and the growth of
There is a statistically significant positive correlatiordlelivery of package by agents. The statistical significance
between Assurance and delivery of package by agen®$. the positive association between Legal Risk and
This finding implies that there is a positive correlatiodnformal Contract is observed in a similar manner. This
between the level of Assurance and the utilization sfuggests that there is a positive correlation between the
delivery of package by agents. The statistical analysiscalation of Legal Risk and the prevalence of Informal
reveals a substantial positive correlation betwee@ontract arrangements. Moreover, the presence of an
Assurance and Informal Contract. This suggests that thérdormal contract has been found to moderate the
is a positive correlation between an escalation in Assurarggsociation between Legal risk and Delivery of package by
and a rise in the prevalence of Informal Contrad@gents, resulting in a decrease in the strength of the link.
agreements. Moreover, the impact of informal contracts dtowever, this moderation impact is not statistically
the association between assurance and delivery of packagghificant. The responsibility of reducing the relationship
by agents has been found to diminish the strength of thtatus falls upon the mediator. Consequently, the
relationship, resulting in a lack of statistical significancelypothesis is deemed valid, suggesting that the association
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between Legal risk and Delivery of package by agents iiseaningful association between Informal Contract and
mediated by Informal Contract. Delivery of package by agents, however it is positive. This

The statistical analysis reveals that there is nimplies that but customers and agents are quite satisfy with
significant correlation between the Informal Contract antheir transaction, but are aware anything can happen that is
Delivery of package by agents, indicating a lack afot right.

Table 5 The result of the hypothsis testing

Types of Influenc Original Sample (?) [T Statistic: [P Value Relationship Stati Hypothesi

H1:. AS->DE 0.73¢ 7.67¢ 0.00( Positive Acceptel
H2: AS->IC 0.33¢ 3.28¢ 0.00( Positive Acceptel
H3: AS->IC->DE 0.00¢ 0.041 0.04¢ Positive Acceptel
H4: LR->DE 0.20( 2.34] 0.00( Positive Acceptel
H5: LR->IC 0.101 1.56: 0.001 Positive Acceptel
H6: LR->IC->DE 0.001 0.01: 0.32¢ Positive Acceptel
H7: IC->DE 0.01: 0.18¢ 0.061 Positive Acceptel

5 Discussion and implication of the study provides significant insights into the intricate interaction of
This study examined assurance, legal risk, inform&ey factors that affect service quality and customer
contracts, and delivery of package by agents. It h&gtisfaction. Academia and industry practitioners who want
provided many valuable insights on these interrelatd@ understand and manage assurance, legal risk, informal
elements in commercial settings. This study's findinggontracts, and their effects in package delivery services
include: Influencing Factors: The study showed howvill benefit from the above contributions.
assurance, legal risk, and informal contracts affect delivery The hypothesis testing results could inform assurance,
of package by agents. This study quantifies and analyZggal risk, package delivery, and informal contract strategy.
package delivery service quality and customer satisfactidypsurance (AS) improves delivery of package by agents
aspects. Decision-Making: Empirical Evidence ThéDE) and Informal Contract (IC). This shows the
empirical findings help package delivery sector decisiodmportance of building company trust. Due to their
makers make strategic decisions. These insights can hefihmitment to quality and dependability, companies that
organizations strategically deploy resources to assurarf@@ssure customers may increase consumer satisfaction and
systems, efficiently manage legal risks, and tailor thelpyalty. Legal Risk: Legal risk management and
informal contract strategy to service outcomes. StucgPmpliance can improve package delivery services,
outputs offer practical advice for improving operationaficcording to the data. Proactive legal risk management can
performance. Organizations can improve assurance appst reputation, reduce future conflicts, and strengthen
legal risk management processes to meet consun&stomer relations. Assurance and Informal Contracts did
expectations and improve service quality. not affect delivery of package by agents (DE). This implies
The study examines the individual and groughat while assurance can bq|ld trust, it may not directly
consequences of assurance, legal risk, and infornost service quality from informal contracts. Beyond
contracts to better understand their interplay. A holistif€se two requirements, organizations should prioritize
approach helps understand the dynamics of the pack&gévice-enhancing components. The hypothesis on the
delivery sector. This study lays the groundwork for futuré0mbined impacts of Legal Risk and Informal Contracts on
investigation. This study provides a platform foDelivery of package by agents (DE) was equivocal,

investigating several factors that may affect packagd!ggesting that legal risk management may not
delivery services. Future studies could includsignificantly affect informal contract effects on service

techno]ogica| integration, personne| training' anguality. Businesses should look beyond these affiliations to

consumer engagement_ Service |mpr0vements: ngowde excellen_t service. The low impact of inf_ormfal
research can help businesses optimize service deliveépntracts on Delivery of package by agents (DE) implies
Organizations may use the insights to create tailored plafigt while informal agreements may help create business
to improve their package delivery services, boostinges. other factors may have a greater impact on service
customer satisfaction and loyalty. Legal risk affects servi¢ality. Organizations must prioritize service performance
outcomes, the study says. Businesses need this knowle@gé client happiness. The findings show that assurance,
to anticipate and resolve legal issues. This reductegal risk, informal contracts, and delivery of package by
disagreements and improves service quality. Research n#@ggnts are interconnected. Businesses must assess how
help organizations differentiate themselves fronthese factors affect their operations, customer interactions,
competition through strategic differentiation. Assuranc@nd organizational effectiveness. To make strategic
and legal risk management can help package delivedgcisions, you need a complete understanding of the
companies build trust and credibility. The researcBervice delivery ecosystem. The research sheds light on
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assurance, legal risk, informal contracts, and delivery §efer ences

package by agents. However, restrictions may alter thgf KUMAR, P., MISHRA, S., KHANNA, V., ROY, P.,
generalizability and interpretation of these results. The NAYAK, A., BALDODIYA, V.K., MACWAN, J.,
study may have occurred in a specific location or industry. PUNDIR, R.S.:"Impact of Marketing Reforms on
Thus, these research may not apply to numerous places orFarm-Market Linkages In NARULA, S.A., RAJ, S.P.
industries with different regulatory frameworks, cultural (eds) Sustainable Food Value Chain Development:
norms, and commercial practices. The study illuminate’s perspectives from Developing and Emerging
assurance, legal risk, informal contracts, and delivery of Economies Singapore: Springer Nature Singapore,
package by agents services. However, it is important to 2023 https://doi.org/10.1007/978-981-19-6454-1_12
acknowledge and account for these limitations whep] KAR, R.B. RADIN, M.J.: Pseudo-Contract and Shared

interpreting and extrapolating the results to wider contexts. Meaning AnalysisHarvard Law Revieywol. 132, No.
Future research should aim to overcome these constraints4, pp. 1135-1219, 2019.

and better understand the sector's complex dynamics. http://dx.doi.org/10.2139/ssrn.3124018.

[8]LIM, S.F.W.T., JIN, X., SRAI, J.S.: Consumer-driven

6 Concluson e-commerce: A literature review, design framework,

The study examined the complicated interactions and research agenda on last-mile logistics models,
between assurance, legal risk, informal contracts, and International Journal of Physical Distribution &
package delivery services. This study sheds light on the Logistics Management/ol. 48 No. 3, pp. 308-332.
complicated dynamics of package delivery interactions. 2018. https://doi.org/10.1108/IJPDLM-02-2017-0081.
This study used empirical analysis and hypothesis testifg WASEEM, A., RASHID, Y., WARRAICH, M.A,,
to better understand how these factors affect service quality SADIQ, 1., SHAUKAT, Z.. Factors affecting E-
and customer satisfaction. The package delivery service commerce potential of any country using multiple
sector now relies on assurance. The study found that aregression analysislournal of Internet Banking and
strong assurance structure improves package delivery andCommerceYol. 24, No. 3, pp.1-28, 2019.
informal contracts, boosting customer trust and loyalty5] LEE PARK, C., FRACAROLLI NUNES, M.,
This emphasizes the importance of organizations MACHUCA, J.A.D.: Social sustainability in supply
developing processes that represent reliability and quality chains: the role of local practices and informal
to their customers. The research also showed how legal risk networks, International Journal of Physical
affects service quality and customer attitudes. Legal risk Distribution & Logistics Managementol. 53, No. 1,
management can reduce disagreements and improvepp. 35-61, 2023.
package delivery. The study found that informal contract https://doi.org/10.1108/1IJPDLM-09-2021-0405
relationships did not consistently affect service resultfs] ODEI, S.A., PRAZAK, P., SOUKAL, I,
This suggests that while informal agreements shape HAMPLOVA, E.F.. Do innovations and external
commercial relationships, their impact on service quality collaboration influence public procurement contracts’
may be more complicated than imagined. This study's success? evidence from catching-up Visegrad Group
constraints—context-dependent results and the difficulty economies, Innovation: The European Journal
of establishing causal relationships—must be of Social Science Research, Vol. 10, No. 6, pp.1-23,
acknowledged. This study only examined particular 2023. https://doi.org/10.1080/13511610.2023.2238909
features, which may have excluded other important factdigd HUANG, H., CHEN, S.X.,, LEE, E., LI, D.
that could have affected the sector. This study has far- Information search costs and trade credit: evidence
reaching effects. Package delivery companies can use theirfrom high-speed rail connectionsThe European
insights to make strategic decisions to improve service Journal of FinanceVol. 9, No. 13, pp. 1-24, 2023.
quality, trust, and legal obligations. The findings can also https://doi.org/10.1080/1351847X.2023.2241539
be used to study equivalent links in other sectors. As tf§] PINTO, A.S., GUERRA-MOTA, M., DIAS, |.Impact
package distribution business evolves, this study provides of E-commerce on Corporate Sustainability—Case
a foundation for future research. Adding more variables, Study, In Marketing and Smart Technologies:
studying more industrial dynamics, and using longitudinal Proceedings of ICMarkTech Singapore, pp. 599-611,
studies to capture temporal oscillations could expand this 2022. https://doi.org/10.1007/978-981-19-9099-1 41
research. These efforts will deepen understanding of tf#§ AYALA-VILLARREAL, P., HORNA-PONCE, J.,
complex interactions between service quality, client CABEL-POZO, J., RAYMUNDO, C.: Model for
satisfaction, and organizational success. This research Optimization of Spaces Through the Redistribution of
expands the knowledge of assurance, legal risk, informal Warehouse and Application of Lean Logistics to
contracts, and delivery of package by agents. This researchReduce Service Times Within an Air Cargo Company,
is useful for organizations trying to navigate the intricate In: AHRAM, T., TAIAR, R. (eds) Human Interaction,
interconnections that are essential to providing excellent Emerging Technologies and Future Systems V. IHIET
services and building long-term client relationships in light 2021, Lecture Notes in Networks and Systems, Vol.
of the changing business landscape. 319, Springer, Cham, 2022.
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Abstract: The long segment scheme allowing contractors to oversee road maintenance still has drawbacks. For example,
non-compliance, such as delaying preservation for road issues, persists due to small penalties. This leads service providers
to neglect road performance without objection to fines. This research aims to provide sufficient incentives for contractors
to comply with the implementation of the late delivery penalty rate of road service levels. This research used an
experimental method to test two formulas for the late delivery penalty rate of road service levels on two road sections in
Central Java and Special Region of Yogyakarta, Indonesia. During the experiment, the time taken by service providers to
fulfill the road service level on the two different road sections was measured and recorded. In the first road section, the
previously used formula resulted in a penalty of only $7.39, while the developed formula yielded $122.17. Furthermore,
in the second road section, the government formula led to a penalty of $375.89, whereas the developed formula resulted
in a fine amount of $1,468.99. The results showed that the penalty value given to contractors for two road segment trials
using the research formula was 16 and 4 times higher than the formula used by the Directorate General of Highways. In
addition, the developed formula takes into account other road performance indicators such as potholes with
a diameter < 10 cm and depth < 4 cm, ponding, and uneven patching.

1 Introduction separate contracts. In addition to the quality of work, the
Long segment pertains to a preservation effort carridgiplementation of long segment projects must comply
out within the confines of a singular extended stretchith the required road performance indicators. The
potentially comprising multiple segments, with thecontractor is obligated to submit weekly reports that
objective of establishing a consistent road condition [1,2¢0mpare the road performance indicators with on-site
The implementation of road preservation through the lorifiPlementation results. The project management or
segment scheme in Indonesia has been in effect for over§ighnical management team reviews the weekly reports,
years (since 2016) [3]. Considering the length of the roa@nd the verification results are used to calculate financial
the most essential type of work is road maintenance [4jenalties if the road performance indicators are not met.
Therefore, the handling type is the most important aspdeventually, if the contractor fails to meet the road
of maintenance activities. The ability of service providergerformance indicators, they are responsible for paying
plays a crucial role in carrying out road maintenancénancial penalties by deducting them from monthly
activites under the long segment scheme. Servig@yments. . .
providers must be able to shift from a traditonal The quality of road maintenance work in a long
construction executor to a road segment manag@@gmentis one of the indicators of the success of the road
paradigm. This paradigm shift is essential for addressif@vement plan achievement program. Division 10 of the
various flows within logistics, such as material flowDirectorate General of Highways of the Republic
information flow, financial flow, and human flows, thusindonesia requires contractors to meet the road service
optimizing the overall management of road segments. level based on road performance indicators [5]. The
Assessing user satisfaction and project success in raighievement of the road service level is applied to all work
preservation (maintenance, rehabilitation, reconstructioachievements within the scope of work, including road
and widening) from a technical or non-technical aspect pavement, road shoulders, drainage, road equipment,
challenging due to the lack of performance indicators. #Pmplementary structures, and plant control. If the service
long segment projects, the entire scope of work Ryovider fails to achieve the road performance indicators
incorporated into one contract, whereas in previogecording to the specified repair response time, financial
preservation activities, the scope of work is documented Rgnalties in the form of daily payment reduction are
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imposed based on Equation 1 (1). The purpose of applyiNgp: the contract's work scope value.
penalties is to ensure the service provider's obligation to
complete the work on time, thereby fulfilling the service Based on the preliminary study results, the financial

users' rights. penalties for delayed road service currently in place are still
inadequate [6]. This was evaluated from various indicators,

D =001 x Hx 2« Nip (1) suchasresponse time, traffic volume (vehicles/day), public

il complaints/reports, length of road that does not meet the

where, . . road performance indicators per 100 m, and the value of
D: nominal payment reduction, the work scope in the contract. In addition, the amount of

H: total number of days that the road repair is delayed jg, nenaity is considered too small, which causes the
meeting the road service level according to the fieldy e providers to neglect the road performance and have

inspection, g ; - P :

. . . . no objection to paying the fines. This is evident from the

Pjc: the length of the road section that is defective or dog mmjitment mgke):/r gfficer who imposes penalties for
not meet fthﬁ perfc(errT;]anche |nd|ca.to_rs n tr|1e dehS|gfni1t layed achievement of road performance indicators and
section of the road that has a minimum lengtn o e amount of fines imposed is still not significant, as

m -
Lo : . shown in Figure 1.
Pjl: the length of the road in the contract according to the 9

scope of work,

60 4500
4046
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40 3000
@ 2500 &
£ £
= 26 2000 &
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= =The number of public complaints —The value of financial penalties

Figure 1 Relationship between public complaints and financial penalties for late fulfilment of road performance indicators in Central
Java Regiorfi7]

Service providers are currently neglecting roadevelops and tests a penalty formula for late delivery of
performance because they believe the penalties are rmad service levels.
significant enough. The objective of this research is to
address the shortcomings in the current penalty system for Literature review
delayed road service. Specifically, the study aims t91 Rpad maintenance concept
provide sufficientincentives for contractors to comply with  Rroad maintenance is the systematic set of activities
the implementation of late delivery penalt|_es through t_hﬁmed at preserving and enhancing the safety, quality, and
development of a penalty formula. This formula ignctionality of public roads, with a focus on adapting to
designed by considering various elements, with a primaghanging traffic conditions and evolving economic models
focus on the flow or management of financial resourcgg 9] Among the types of road maintenance, routine road
within the logistics framework. The originality of this maintenance is considered essential for preserving the level
research lies in its departure from cqnventlor)al pena_lgf road service and road capacity [10]. To implement the
frameworks for delayed road service. Unlike staticoaq maintenance system precisely and optimally, a road
systems, this study pioneers a dynamic penalty model thabintenance program with adequate and continuous
adapts to the nuanced dynamics of road semviGganning and funding is necessary [11-13]. As noted by
Additionally, this research introduces novelty through itg/itkys et al. [14], the performance of roads declines upon
experimental app_roach in spegﬁc regions of Indone&gemg put into service, intensifying the need for
Rather than relying on established formulas, the stugyaintenance, particularly due to the significant impact of
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increased traffic volume and climate change on roaghforcement of penalties in the Philippines, and the
conditions. Therefore, road maintenance must heenalties applied under the PBC are relatively moderate.
conducted by employing several integrated and costo increase the efficiency of PBC as a road service
effective techniques [15,16]. These approaches aim moechanism, it is recommended that the financial penalties
extend the service life of roads, enhance road safety, dod failing to meet road service levels are rigorously

fulfill the needs or desires of road users. enforced. For non-compliance with performance standards,
the expression "payment reduction" is used because the
2.2 Penalty regulation term "penalties" is not well received among contractors.

In the context of road maintenance, the application dihe value of payment reduction must be sufficient to
financial penalties is often intertwined with the concept gérovide contractors with sufficient incentives to conform.
performance-based contracts (PBC) [17-19]. PBC altthe payment reduction is insufficient, contractors tend to
agreements where contractors are held accountable ier less compliant; if it is excessive, contractors may add
meeting specific performance indicators and achievingsk premiums to their bid prices. Therefore, it is essential
predefined outcomes [20]. Financial penalties serve agaaccurately determine the appropriate payment reduction
mechanism within these contracts to incentivizéor each instance of non-compliance.
compliance and deter deviations from agreed-upon In the following subsections, several references are
standards. The occurrence of penalties in road maintenapeesented regarding penalties or payment reductions
contracts is typically linked to the failure of contractors témplemented in various countries. This serves as
meet specified performance indicators within the stipulatetpnsideration for implementation in Indonesia or for
repair response times. This aligns with the performancesviewing existing regulations in Indonesia operating
based nature of the contract, where the focus is &mder the long segment scheme.
achieving desired outcomes, such as road quality and
timely repairs. 2.2.1 Penalty framework in Argentine PBC

In PBC in Argentina, payments are not based on the According to Silva and Liautaud [23], performance
unit price for each individual work item, but rather on théndicators should be as minimal and straightforward as
contractor's compliance with predetermined qualitfeasible to facilitate observation and evaluation.
standards and specified outcomes [21]. This systehfiroughout the duration of the contract, the rehabilitation
permits the implementation of penalties or financidbundle for road thickness, maximum roughness level,
penalties if the desired quality or level of service is not megroove depth, cracks, and raveling must conform to the
The application of agreed-upon penalties or financigpecifications. For  example, compliance  with
sanctions must be enforced in the event of contractor neipecifications entails the absence of visible potholes or
compliance with road performance indicators. Accordingxposed cracks, the absence of excessive wheel marks, and
to the Asian Development Bank [22], if the contractor failshe maintenance of good conditions on shoulders, culverts,
to remedy defective road conditions in a timely manne@rainage channels, guardrails, vertical and horizontal signs,
automatic payment reductions will be implemented anand the overall road environment. For each component,
will increase significantly in subsequent periods if thgenalties for non-compliance are established and enforced
deficiency is not rectified. This system has beetp discourage contractors from failing to comply. For
implemented in Ukraine, where the contractor must paxample, if a pothole is not addressed within the specified
penalties in the form of greater payment reductions féimeframe, the service provider will incur a fine of
failing to detect non-compliance if service users identifgpproximately $1,200 per day until the repair is completed
additional defects not included in the system. Additionally{as indicated in Table 1). The total amount of penalties
it was found that there are concerns regarding the stringémposed is then subtracted from the monthly payment.

Table 1 Penalties for late fulfilment in road performance criteria in Argentina

Parameter Fulfilment Conditions Penalties (USD)
Rehabilitation
Pavement roughness IRImax = 3 (Asphalt Concrete/AC) 600/week/km
IRImax = 3.5 (ST/RC
Pavement rut dep Maximum 1 cm 1,200/week/kr
Pavement edge reduct Ocmr 1,200/week/segme
Pothole diameter > 2.5 ¢ 100% patche 1,200/pothole/de
Cracking 100% close 600/week/kn
Concrete pavement joint | 100% closed 600/week/km
crack:
Raveling 0%, and < 2% if road maintenal 600/week/kn

Routine Maintenance
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Parameter Fulfilment Conditions Penalties (USD)
Uneven roa Maximum 3 cn 1,200/week/ segme
Cracking 100% closed for type 600/week/kn
Pothole 100% patche 1,200/pothole/kr
Raveling 100% pathce 600/week/kn
Shoulder hardened Pothole/raveling = 0 1,200/week/km

Shoulder drop =0
Rutting < 12 mm
Cracking closed (100¥

Shoulder not hardened There is no erosion, no channeling, and good cross %|ap6jweek/km
edge drop < 2 cm; widtz 3 m
Roadside vegetation/brush| Brush height < 15 cm of 15 m 1,200/week/km
clearing
Cleaning box Clean/no clogging 600/day/km
culverts/drainage/brid
Rightof-way area cleanir | No dirt, green area maintena 600/day/kn
Sign Preserved, clearly visible during both day and 1 150/day/sig
Lightning Preserve 150/day/lam
Road marking Preserved, clearly visible during both day and n 300/day/line/kn
Guardrai Good conditiol 1,200/week/locatic
Source{23]
2.2.2 Penalty framework in CAREC member local currency or as a percentage of the total monthly flat
countries’ PBC sum payment per km. When service users discover non-

As per the Central Asia Regional Economicompliance, payment reductions are implemented, and
Cooperation (CAREC), not meeting road performancadditional payment reductions are implemented when
indicators will lead to payment reductions. This includedamage is not repaired within a predetermined timeframe.
scenarios where reports are not processed within tHeresponse times have been routinely missed, payment
specified timeframe, the average roughness of a roesbuctions may increase. Table 2 provides an example of
section surpasses the specification, or potholes exceed tie application of payment reductions in CAREC member
maximum size. Payment deductions are determined dountries.

Table 2 Example of reduction in payment for failure to meet road performance indicators in CAREC member countries*
Reduced payment Reduced payment for
Criteria Performance Level on first inspection follow-up inspection
(% of monthly lumpsum/km)
Pothole on the | The pothole shall not be wider than 10 crd% for every 1 km of 15% for every 1 km of road

road surface | from any direction. road section with section that has potholes until
pothole: the potholes are fix¢
Rutting Depth of groove does not exceed 20 miD%  every 100 20% on every 100 meters that
with a length of 3 m, every 100 m. meters that do natdo not meet the criteria until
meet the criteri rutting is addresst
Vertical sign | One or more traffic signs are nob6% 10% until the sign is repaired
damaged, unreadable, misplaced, or not or replaced
functioning.
Vegetation | The maximum vegetation heightt% every 100 m 10% for every 100 meters
measured anywhere within a 100-meter until vegetation is cut to the
stretch is above the threshold value li allowed heigt

Note: *CAREC countries: Afghanistan, Azerbaijan, China, Georgia, Kazakhstan, Kyrgyz Republic, Mongolia, Pakistan, Tajikistan,
Turkmenistan, and Uzbekistan.

Source: [22]
2.2.3 Penalty framework in World Bank-funded requirements. The results of road performance level
projects’ PBC inspections and criteria are documented in a memorandum,

According to the World Bank [24], payment reductionsvhich includes the categories and locations of non-
are applied for failure to meet road performance levebmpliance, especially those listed in the standard table
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included in the service provider's monthly report. Eacf Result and discussion

instance of non-compliance will be assigned a correction]  The developed penalty formula

deadline. Therefore, site visits are required on the specified The current formula for calculating penalties only
dates to confirm that the contractor has addressed the regdsiders a limited set of factors, including the duration of

performance level non-compliance findings. If thene gelay, the length of the defective road segment, the
contractor has not corrected the non-compliance by thggth of the road under contract, and the value of the scope
deadline specified in the memorandum, paymenf \ork. In this study, a mathematical model was
reductions will be imposed. Service providers who fail tgeyeloped to provide a more comprehensive framework for
remedy the cause of previously applied payment reductioggicyating penalties for late fulfiliment of road service
will see the amount of reduction increase from month f@yels. This model is based on the idea that formulas
month, without limit, until the road performance level isgpresent a physical representation of mathematical
achieved. The initial payment reduction calculation for th@oncepts and can be used to understand the correlation
first month ranges from 10% to 50% of the monthly lumpeanveen different variables in  an intuitive and
sum, depending on the type of road compon¢t@  giraightforward way. To validate the model, tests were
Meanwhile, late handover beyond 30 days is determing@nqgucted on two road sections in Central Java and Special

by Equation 2 (2). Region of Yogyakarta, which revealed valuable insights
into the nature and extent of the errors that may arise when
PR =2"PR, (2)  using the formula. Equation 3 was derived as the formula

Where> for calculating penalties for late fulfillment in road service

PR payment reduction, which is the reduction in payment,e|s.
calculated if non-compliance is not rectified within 30

]‘ﬂf;lysy S=Koef xTxF,x NxF,x] 3)
n=-— (nis rounded to the nearest whole number, without

decimals), Where:
J: the number of days of non-compliance, S: the amount of financial penalty for failing to meet the
PR the unit rate for payment reduction, which applies road service level,

during the first 30 days of non-compliance. Koef the coefficient value for each road component, as

shown in Table 3,

3 Methodology T: the delay in responding to road performance in days,

This research utilized an experimental method to teEy: the traffic volume factor, where Primary Arterial Roads

the formula for road service delay penalties. Two formulas (PAR) has a factor of 1 and Primary Collector Roads-1
were tested on two road segments managed by the National(PCR-1) has a factor of 0.9, _

Road Implementation Center of Central Java and Spec% the_multlpller value for the penalty/cost of routine road
Region of Yogyakarta, Indonesia. The first formula was the maintenance, . .
one used by the Directorate General of Highways sinéé e community complaint factor, where no complaints
2020, while the second formula was developed in this have a factor of L verified complgmts by Nat"’”?'
study. Initially, the study identified the needs and Road Implementation Center or National Road Service

conducted a literature analysis related to the penalty for have a factor of 1.5, and ac;mdents have a fact_or of 2,
road service delay. To capture survey data, questionnaired1® 1ength of the road that fails to meet the criteria, which
are distributed to a sample of respondents in order to collect IS determined by dividing the length of the faulty or
primary data. There are two options for completing POOr-performing road segment (minimum length of 100
questionnaires: printed copies®oogle Formsindicators m) by the length of the road covered in the contract.
for each factor that contributes to penalties for late
fulfillment in road service level were used to develop th~

questionnaires. The new formula was tested on tw Component

Table 3 Factor score weight
Factor score weight

different road segments with varying conditions. During (Koef_)
the experimental stage, the time taken to fulfill the roa Road Pavement 0.02;
service level by the contractor/service provider wa Road Shoulder 0.02(
measured and recorded for the two road sections. T Drainage 0.011
results obtained were then calculated using the tv Road Equipment 0.001
formulas mentioned earlier, which led to the determinatic Complementary 0.006
of the penalties for both road sections. Structures

Clearance 0.017
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4.1.1 Coefficient variable (Koef) damage influencing the penalty value. For instance, the
The coefficient in the formula currently applied to thecoefficient acting as a multiplier for road pavement damage
long segment scheme is 0.01 for all types of road damagsuch as potholes) is 0.027, surpassing other components
Meanwhile, the formula resulting from this study applietike clearance (road cleanliness, etc.), which carries a value
different coefficient values for each road component (sex 0.017.
Table 3). These coefficient values are derived from factor
score weights obtained during the analysis, representiddl.2 Variable T (delayed response time)
the intercorrelation between manifest and latent variables. In this study, the response time for each type of road
The final model produces a set of factor score weightserformance indicator damage considered in the delayed
serving as regression coefficient estimates for predictipgnalty formula is outlined in Table 4. Each day of delay
latent variables based on observed variables. The teisrfactored into the formula as a multiplier. For instance, if
"factor score weight" denotes the proportional influence af pothole is repaired within 9 days of discovery, based on
variable X on variable Y—when X changes, itTable 4, it should be fixed within a maximum of 3 days,
proportionally impacts Y. The initial coefficient valueresulting in a 6-day delay. Therefore, the valu@& of the
(Koef of 0.01 undergoes variation for different types oformula is 6.

Table 4 Response times for road performance indicators

Components Conditions Response Time
Road Pavement
Pothole Any pothole < 3 day:
Crack: Width > 3 mm, area 5% per 100 m of len < 7 day:
Deflection/Depressic  Depth > 3 cm, area 5% per 100 m of ler < 7 day:
Uneven patchir Not in compliance < 7 day:
Pavement roughne IRI > 4 mmr < 30 day
Ruttinc Depth > 3 cr < 14 day
Raveling Any raveling < 14 day
Road Shoulders
Pothole Any pothole <7 day:
Elevatior Height difference > 5 cm from the rc < 14 day
Sinkhole Depth >10 cm, area > 3% per 100 m of lel <7 day:
Ponding Any ponding <7 day:
Drainage
Clogginc Clogging in drainage channels > 1 <7 day:
Dirty Dirty <7 day:
Structural damag Damag < 14 day
Embankment slop Deformation and erosion, as well as poor functior < 14 day
Excavation slope Unstable, weak against erosion, and not functioning prc < 14 day

Road Equipment
Warning and traffic signs Not correctly installed according to regulations, structurally weak, < 7 days
and some of the poles are k

Temporary sighag Unrepaired road dama <24 day
Median/sidewal Not sturdy, not functioning correctly, or not visible at n <7 day:
Guardrai Not sturdy, not properly installed, aexperiencing dama < 14 day
Road marking Unclear and fade < 30 day
Complementary
Structures
Access road or drivew. = Slope > 5 cr < 7 day:
Retaining wa Damaged, cracked, or brok < 14 day
Clearance
Wild vegetatiol Height > 10 cr < 7 days
Cleanlines Debris, trash, sand/dirt, rubble, or other obstruc <7 day:
lllegal lllegal advertisement/banner < 7 days
advertisement/bann

Source: Survey results.
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4.1.3 Traffic volume factor (Fv) Indonesian regulations, guidelines, or literature, the traffic
The traffic volume factor (f is determined based onvolume factor () based on road classification in the

secondary data on the average annual daily traffic (AADTNational Road Decision is used.

volume on the road section under review. Road damage on

a section with high AADT has a greater impact on roadrable 5 Classification of roads based on average annual daily

users compared to a section with lower AADT [25]. traffic (AADT)

Retallack and Ostendorf [26] stated that the frequency Classification AADT
accidents increases with higher traffic volumes. Th Low 30,00(-60,00(
accident rate gradually increases with the increase in traf Moderate 60,00(-100,00(
volume until around 11,000-13,000 vehicles/day on a tw« Moderate-High 100,00(-200,00t
lane road. At this limit, traffic flow instability conditions High > 200,00t

are prone to occur, such as lower driving speeds asdurce: [35]
limited maneuvering space, which leads to a higher risk of
accidents [27,28]. The classification of roads is determined by their
The relationship between the number of traffidunction, categorized as arterial, collector, and local.
accidents and AADT is not entirely linear but shows aadditionally, roads are classified based on the road system
exponential relationship [29]. The pavement condition isito primary and secondary. Based on the Minister of
one of the main factors contributing to accidents [30-32Public  Works and Housing Decree  Number
Li et al. [33] stated that poor pavement conditions a®30/KPTS/M/2022 regarding the Designation of Road
proportionally associated with more severe accidents, ISiggments, in according to their function, roads can be
very poor pavement conditions are associated with lesategorized as Primary Arterial Roads (PAR) and Primary
severe accidents. Excellent pavement conditions may le@dllector Roads-1 (PCR-1). The differences between PAR
to high-speed driving behavior and result in more sevessd PCR-1 are shown in Table 6. The traffic volume factor
accidents. The severity of accidents can be reduced if i) is determined based on Table 6 with the classification
pavement condition is maintained in good condition [34].of PAR and PCR-1 roads. From the survey resultéo
Road classification based on AADT is shown irPAR is determined to be 1.0, while for PCR-1 is 0.9.
Table 5. As road classification varies and there is currently
no road classification based on traffic volume in

Table 6 Comparison of Primary Arterial Roads (PAR) and Primary Collector Roads-1 (PCR-1)

Classification PAR PCR-1
Connectivity Among NAC, NAC with RAC NAC with LAC, among RAC, RAC with
LAC
Distance Long distance, should not be disrupted by bidedium distance
directional traffic, local traffic, and locel
activities
Planned Speed Min. 60 km/hou Min. 40 km/hou
Capacity Greater than its average traffic vol. Greater than its average traffic volL
Road width Min. 11 mr Min. 9 m

Notes: NAC = National Activity Center; RAC = Regional Activity Center; LAC = Local Activity Center.
Source{5]

4.1.4 Penalty multiplier factor (N) 4.1.5 Public complaints factor (Fs)

The penalty multiplier factor (N) is established as the The public complaints factor {Fwas also established
basis for the proposed formula calculation. The analysis the basis for the proposed formula calculation. The
shows that the penalty multiplier factor (N) used is theesearch results show that the types of complaints
value of the self-estimated cost for routine work. This valusonsidered in the penalty formula calculation are those that
is chosen because each service provider/contractor can /e been verified by the National Road Implementation
on low-scope routine work, resulting in a low contrac€enter. Reports or complaints are gathered through various
value for routine work. The 2018 Revision 2 Generathannels, including social media platformasfagram
Specification for Road Construction imposes penalties féracebook andTwitter), letters or emailwww.lapor.go.id
delays in meeting the road service level based on the valbemmand CenteBina Marga, direct visits, and other
of the contract's work scope. Based on the analysis resuttdiums such a#&/hatsApplaporGub,Jalan Cantik and
the penalty multiplier factor in the formula resulting fromother channels. The survey results indicate that a penalty
this study is the value of the routine work scope in theultiplier of 1.5 times should be applied in the case of a
contract, in accordance with this regulation. complaint regarding road performance, and a penalty

~179 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 2 Pages: 173-184 ISSN 1339-5629

Enhancing road service compliance: a robust penalty model for efficient maintenance management
Tisara Sita, Agus Taufik Mulyono, Suryo Hapsoro Tri Utomo

multiplier of 2 times should be applied in the event of amalue of $4,127,381. This package's scope of work

accident caused by road damage. encompasses standard enlargement, preservation
reconstruction, road rehabilitation, routine road
4.1.6 Substandard road length (J) preservation, routine condition maintenance, holding,

The formula developed in this study considers theridge preservation, and routine bridge preservation.
factor of road length that does not meet the criteria (BRoutine road preservation, routine condition maintenance,
Based on the literature review and analysis results, thad holding are included in the management scope of the
penalty multiplier value in the developed formula isoad performance indicators. These domains are subject to
determined by dividing the length of any segment of ahonetary penalties for failure to meet road service levels
least 100 m of defective road (not meeting performanam time, with the following data breakdown:
indicators) by the total road length (m) specified in the « Self-estimated cost of routine scope (N or Nlp):

contract based on the scope of work. This calculation $6.340.
adheres to the guidelines provided by the Directorate « | ength of routine scope: 3,430 m.
General of Highways. «  Function and road system: Primary Arterial Road
(PAR).
4.2 Trial of penalties model « Road Segments: Keprekan-Muntilan City Border;
4.2.1 Model trial on roads with short routine scope Muntilan-Salam (Boundary of the Special Region
The Keprekan-Muntilan-Salam road preservation of Yogyakarta).

package is a long segment package with a total contract

Table 7 Determination of penalty values for the preservation package of Keprekan-Muntilan-Salam road using the formula from the
research results
Actual

Component Type of Damage = Road Segment Res_ponse Response  Koef T Fv Fa J S($)
Time Time (days)
Road Pavement Pothole, diameter = Keprekan- 3 10 0.027 7 1 1.0 | 0.029 34.93
<10 cm and depth Muntilan City
<4cm Border
Uneven patching = Keprekan- 7 11 0.027 4 1 1.0 | 0.029 19.96
Muntilan City
Border
Pothole, diameter = Muntilan- Salam 3 11 0.027 8 1 15 0.029 59.88
> 10 cm and depth
>4 cw
Road Shoulder = Pondin¢ Muntilan-Salan 7 9 0.02( 2 1 1.0 | 0.029 7.39
Total 122.17

Notes: Exchange rate $1 = Rp15,902; Response time used is from Table 4; T or late is calculated by subtracting actual response time
with response time;For PAR is 1; I is 1 since there was no public complaints regarding this damage; J is calculated by dividing
100 m (this is the least number of defective road) with the length of road in the contract (3,430 m); N = $6.340.

Table 8 Determination of penalty values for the preservation package of Keprekan-Muntilan-Salam road using the formula from the
Directorate General of Highways

Actual
Component Type of Damage Road Segment R§|_§ponse Response Koef H Pjc/Pjl D ($)
ime Time (days)
Road Pavement Pothole, diameter <10 = Keprekan- NA NA NA NA NA NA
cm and depth <4 cm | Muntilan City
Border
Uneven patching Keprekan-Muntilan NA NA NA NA NA NA
City Border
Pothole, diameter > 10 = Muntilan-Salam 7 11 0.010 4 0.029 | 7.39
cm and depth > 4 ¢
Road Shoulder Ponding Muntilan-Salan NA NA NA NA NA NA
Total 7.3¢

Notes: Exchange rate $1 = Rp15,902; Response time used is adopted from the 2018 Revision 2 General Specification for Road
Construction; Response time with NA (not applicable) means that the type of damage is not listed in the regulation, and therefore, the
service providers are not obligated to perform any maintenance; H is calculated by subtracting actual response time with response time;
Pjc/Pjl is calculated by dividing 100 m (this is the least number of defective road) with the length of road in the contract (3,430 m);
Nlp = $6.340.
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4.2.2 Model trial on roads with long routine scope .
The preservation and rehabilitation package for the .
Sruwen-Kartosuro-Klaten-Prambanan road is a long-
segment project with a total value of $6,554,918. This .
programme entails widening to standard width, road
rehabilitation, routine road maintenance, periodic bridge
maintenance, and routine bridge maintenance. Routine
road maintenance is included in the road performance
indicator's scope of management. This scope is subject to
financial penalties for failing to satisfy the road service
level on time, as outlined below:
+ Self-estimated cost
$1,026,486.389.

Length of routine scope handling: 68,270 m.
Road function and system: Primary Arterial Road
(PAR).

Road segments: a. Sruwen-Boyolali Terminal; b.
Pandanaran Il Boyolali; c. Pandanaran | Boyolali;
d. Perintis Kemerdekaan/Southern Ring Road
Boyolali; e. Boyolali City Border -Kartosuro; f.
Kartosuro-Klaten City Border; g. Perintis
Kemerdekaan Klaten; h. Diponegoro Klaten; i.
Kartini Klaten; j. Suradji Klaten; k. Klaten City

Border-Prambanan.
routine

of scope:

Table 9 Determination of penalty values in for preservation and rehabilitation package of Sruwen-Kartosuro-Klaten-Prambanan
road using the formula from the research results
Actual

Component Type of Damage Road Segment Res_ponse Response Koef T Fv Fa J S®
Time Time (days)
Road Pothole, diameter Klaten City 3 10 0.027 7 1 2.0 0.001 568.35
Pavement > 10 cm and deptt Border-
>4 cn Prambana
Road Pothole, diameter Sruwen-Boyolali 7 9 0.020 2 1 1.0 0.001 60.14
Shoulder <20 cm and depth Terminal
<10 cm
Ponding Kartosuro-Klaten 7 9 0.020 2 1 1.0 0.001 60.14
City Borde
Drainage = Clogging Southern Ring 7 9 0.011 2 1 1.0 0.003 66.16
Road Boyola
Structural damage Boyolali City 14 19 0.011 5 1 1.0 0.004 248.09
Border-Kartosuro
Road Damaged median Kartosuro-Klaten 7 11 0.001 4 1 1.0 0.001 6.01
Equipment City Borde
Clearance @ Wild vegetation Diponegoro 7 10 0.017 3 1 1.0 0.009 460.09
Klater
Total 1,468.99

Notes: Response time used is from Table 4; T is calculated by subtracting actual response time with responéer titrieyafy

Arterial Road is 1; kis 1 since there was no public complaints regarding this damage; J is calculated by dividing 100 m (which
represents the minimum number of road defects) by the length of road specified in the contract (68,270 m). However, for drainage
clogging and structural damage and clearance, J is calculated by dividing 200, 300, and 600 m, respectively, by the length of road in
the contract; N = $1,026,486.389.

Table 10 Determination of penalty values in for preservation and rehabilitation package of Sruwen-Kartosuro-Klaten-Prambanan
road using the formula from the Directorate General of Highways
Actual

Component Type of Damage Road Segment Res_ponse Response  Koef i Pjc/Pjl D $
Time Time (days)
Road Pavement = Pothole, diameter > = Klaten City 7 10 0.010 3 0.001 45.11
10 cm and depth >4 Border-
cm Prambanan
Road Shoulder Pothole, diameter < | Sruwen-Boyolali NA NA NA NA NA NA
20 cm and depth < 1( Terminal
cm
Ponding Kartosuro-Klaten NA NA NA NA NA NA
City Border
Drainage Clogging Southern Ring 7 9 0.010 2 0.003 60.14
Road Boyola
Structural damage Boyolali City 21 19 0.010 | In compliance  0.004 0
BorderKartosurc
Road Equipment = Damaged median Kartosuro-Klaten 21 11 0.010 | In compliance  0.001 0
City Borde
Clearance Wild vegetation Diponegoro 7 10 0.010 3 0.009 270.64
Klaten
Total 375.8¢
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Notes: Response time used is adopted from the 2018 Revision 2 General Specification for Road Construction; Response time with NA
(not applicable) means that the type of damage is not listed in the regulation, and therefore, the service providers are not obligated to
perform any maintenance; H is calculated by subtracting actual response time with response time; Pjc/Pjl is calculated by dividing 100
m (this is the least number of defective road) with the length of road in the contract (68,270 m). However, for drainage clogging and
structural damage and clearance, Pjc/Pjl is calculated by dividing 200, 300, and 600 m, respectively, by the length of road in the
contract; Nlp = $1,026,486.389.

The penalty value for delays in meeting road servid@ Conclusions

levels for the preservation package of Keprekan-Muntilan- Thjs research successfully developed a new penalty
Salam road (short routine scope) is 16 times higher whedymula for non-compliance in meeting road service levels
using the formula derived from this study (Table 7jpplied to road service providers. This formula includes
compared to the formula from the Directorate General @ldditional indicators such as coefficients for each road
Highways (Table 8). In the case of the preservation agémponent based on their significance, proposed improved
rehabilitation package of Sruwen-Kartosuro-Klatenresponse time, traffic volume factor, and community

Prambanan road (long routine scope), the formula derivegmplaint factor. In addition to these factors, the financial

from this research (Table 9) resulted in a penalty value thgdw of the penalty system plays a crucial role. The results
was nearly 4 times greater than the formula from thef the formula trial on two road sections yielded values that
Directorate General of Highways (Table 10). Thgyere 16 and 4 times higher than the fines resulting from
difference in results between the two formulas occugge formula used by the Directorate General of Highways.
because, in addition to the impact of variables included T.rhese re|ative|y h|gh penames are in line with the Asian

the formula, the proposed formula introduces neWevelopment Bank recommendation that payment
indicators for penalty consideration. For instance, the trigkductions (in this case, penalties) should be sufficiently
includes factors such as potholes with a diameter less tt]%ﬂigz to provide adequate incentives for contractors to
20 cm and depth less than 10 cm, uneven patching, ply. If payment deductions are too low, contractors are
ponding. Additionally, the proposed formula also employgkely to be less compliant, while if they are too high,

the suggested response time for enhancing rog@ntractors will apply risk premiums to their tender prices.

performance. In contracts that apply financial penalties for each failure
o o to meet road service levels, contractors/service providers
4.3 Implication and application strive to continuously improve performance while

The newly developed penalty formula introduces geducing costs. However, experience has shown that
significant advancement in ensuring road quality. fayment deductions are often not strictly enforced by the
surpasses conventional methods of penalty calculatioRsian Development Bank, including in Indonesia, so strict
providing a more sophisticated system. This modificatiosnforcement of penalties for delayed delivery of road
has the potential to substantially impact how penaltiggrvice levels is necessary.
operate and enhance the understanding of how companiesit is recommended to conduct further research related
manage roads. In regions where companies oversee readthe value of reducing payment penalties in road
maintenance, challenges arise. Companies sometinig&intenance contracts in Indonesia. Future investigations
neglect rules and delay road repairs. The existing fines féiiould delve into the impact of strict penalty enforcement
these delays are minimal, often overlooked by companies contractor behavior and overall project outcomes,
The formula acts as a tool to incentivize companies tgssessing whether heightened penalties lead to sustained
comply with rules and improve road maintenance. Thenprovements in road infrastructure quality. In addition, a
formula is not just theoretical; it can be applied in practic@omparative analysis of penalty systems in road
situations. It integrates smoothly into existing decisiormaintenance contracts across different countries could
making systems for road service, offering various benefitthcover best practices adaptable to the Indonesian context.
such as ensuring fair fines and holding companig=urthermore, researchers should examine the role of
accountable for their responsibilities. Its adaptabilitgffective stakeholder collaboration and communication in
makes it a valuable tool for enforcing rules in differenénsuring the successful implementation of penalty systems.
scenarios. However, it is crucial to acknowledge that thehe research should culminate in specific policy
formula is not flawless. Its effectiveness may be influencaédcommendations for enforcement agencies, offering
by the availability and quality of data, especially in regionguidelines for the monitoring, evaluation, and adaptation
where data collection is challenging. Additionally, it mayf penalty structures to enhance their effectiveness and
not perform optimally in all road situations, as unforeseefairness over time. Finally, long-term monitoring of road
variables could impact its predictive accuracy. Continuousnditions and an assessment of public perception and
refinement is necessary to enhance its practical utility agdmmunity impact would contribute to a comprehensive
reliability in real-world enforcement scenarios. understanding of the ramifications of such penalty

structures.
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Abstract: The logistics industry in Saudi Arabia has seen a significant change, with national companies now focusing on
hiring local talent to decrease their dependence on expatriates. Despite the increased demand for Saudization, logistics
firms face difficulties in matching available local talent with industry-specific job requirements. This gap highlights the
importance of connecting human resource development (HRD) with talent identification and assessment (TIA) practices.
Study uses the DEMATEL technigue to analyse the important factors that impact the effectiveness of Human Resources
(HR) Departments in logistics firms in Saudi Arabia. A total of nineteen HR professionals from the logistics sector in the
country took part in the study, offering evaluations on a Likert scale that ranged from 0 to 4 for each criterion. The
research shows that the level of education has a strong impact on the potential and future development of job candidates
in Saudi Arabia's logistics companies. Academic qualification, along with skills and competencies, greatly influences the
evaluation of candidates. The criteria have influence values of 0.30559487, 0.007953708, and 0.628534572, respectively.
In addition, the criterion of "Potential and Future Development" stands out as a significant factor that influences all others,
except for "Skills and Competencies,” with values exceeding the threshold of 0.926061035. Results highlight the
importance of HR professionals prioritising cause criteria when selecting candidates and managing HR processes. By
understanding and tackling these important factors, logistics companies can improve their methods of identifying and
evaluating talent, ultimately boosting their organisational effectiveness and competitiveness in Saudi Arabia's ever-
changing logistics industry.

1 Introduction Kuehne+Nagel, showcases the transition towards a more

The logistics sector is considered a crucial componesifategic and consultative approach in overseeing
in Saudi Arabia's efforts to diversify its economy awagmployee motivation and commitment [6]. Strategic
from oil-based revenues and towards a more serviceganisational —challenges greatly influence human
oriented economy. Logistics plays a crucial role in drivingesources  planning in  SME logistics companies,
economic development and adding significant value bynderscoring the need to tackle these challenges for
enhancing the efficiency and effectiveness of storingfficient management [7]. In the logistics industry, it is
handling, and transporting goods. As a result, the methdéféicial to have efficient human resources management in
of freight and transportation would be enhanced, leading @der to retain talent, improve organisational performance,
cost reductions. It has been established that administratf/ed stay competitive.
innovation stands as one of the primary logistical The primary objective of the Ministry of Transport and
capabilities of Logistics Service Providers [1]. Human-Ogistics Services in Saudi Arabia is to improve the
resources is one of the key aspect of any organization [{jngdom’s transport infrastructure with the aim of
Effective management of human resources is vital for tistablishing it as a pivotal logistics centre that connects
success of logistics enterprises [3]. The Kingdom of Sauidiree continents. This endeavo_ur isin ac_cordance with t_he
Arabia (KSA) has faced numerous challenges in its effor@yerall objectives of supporting sustainable economic
to meet the increasing demands in developing its humégvelopment and enhancing competitiveness in keeping
resources. Investing in human resource developme#ith the Saudi Vision 2030 programme. Saudi Arabia’s
(HRD) has been a priority to enhance the skillsadvantageous geographical location, connecting three
knowledge, and attitude of the workforce. This investmes§ontinents, makes it a crucial hub for global trade,
is anticipated to improve the effectiveness and efficienggnhhanced by its plentiful natural resources. The National
of services in both the public and private sectors. Choosititgflustrial Development and Logistics Programme
competent managers is crucial for successful hum&NIDLP) takes the lead in promoting the growth of
resources management in logistics companies [4[nPortant sectors like mining, energy, industry, and
Knowledge-based HRM practices have a significa@distics [8]. The rapid development has led to an increase
impact on the performance of logistics firms, and thi benefit categorization and a high demand for skilled
impact is further enhanced by the role of logisticBrofessionals due to a shortage in the workforce [9].
capability as a mediator [5]. The evolution of humafkffective ability management s crucial for a business as it
resources departments in international companies, suchPs@vides a significant competitive advantage. Effective
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management of talent is crucial for a company's successmmitment, job performance, and employee productivity
and can lead to significant profits. Identification andl15]. Additionally, developing e-recruitment support
evaluation of skills play a crucial role in developing @ystems can streamline candidate selection processes,
talented workforce [10]. However, there is a lack oénsuring the best-fit individuals are identified for roles in
literature addressing the specific circumstances in thiee logistics industry [16].
Saudi Arabia regarding talent management of Logistic Samarin et al. [17] explores the Saudi National Human
industries. It is estimated that the market size for the SalRiesources Development (NHRD) and provides viable
Arabia Freight and Logistics sector will be roughly 25.330lutions to improve NHRD within the context of a
billion US dollars in the year 2024, and it is anticipated th&nowledge-based economy. The paper thoroughly
this market size will expand to 32.88 billion US dollars bynalyses the complex interconnections between the
the year 2029 [11]. political, economic, and socio-cultural aspects of the
This research established that among the crucial issNeIRD context. The challenges faced by different parts of
associated to “Talent Identification and Assessment” fahe developing workforce, such as unemployed, women,
revolutionizing human resource management in Logisti@nd students, are thoroughly examined.
Industry of Saudi Arabia, lies with the Streamlining and Igbal [18] evaluates the influence of enhancing
improving talent identification processes, that is how cadogistics on the factors of service quality (SQ) for Small
Saudi Arabia's logistics industry can meet the goals of tieed Medium Enterprises (SMEs) in Saudi Arabia. The
NIDLP by successfully identifying and recruiting study employed a quantitative methodology to investigate
individuals with the right set of skills to fuel the expansiomultiple industries and cities in Saudi Arabia, including
and efficacy of logistics services in the Kingdom. Anothededdah, Khobar, Dammam, and Riyadh. The study
important research question that arises from the curreevealed three critical challenges faced by Saudi SMEs in
study is whether there is a shortage of skilled workers the field of logistics: the availability of skilled logistics
Saudi Arabia's logistics sector, specifically in key areagtaff, effective inventory management, and the high costs
such as warehousing and storage, freight forwardingssociated with adopting advanced technologies. These
freight transportation, and courier, express, and packafgetors were found to have a substantial impact on the
services [12]. Finally, this research also delves into thwverall improvement of logistics in these dimensions.
challenges concern associated with assessing theAlruwaili et al. [19] examine the effects of
effectiveness of human resource management techniquesorporating Human Resources (HR) best practices in the
in logistics enterprises based in Saudi Arabia. This requirescruiting process of Saudi nationals, particularly those
comprehending how these organisations are successfullio have graduated from prestigious US and British
attracting, keeping, and cultivating people through the uselleges, on the performance indicators of Ma'aden
of diverse human resource management strategies @wmpany. The performance dimensions being examined
practices. Essentially, the main focus is on improving thesensist of technological skill, fluency in the English
methods in line with the goals of Saudi Vision 2030, whictanguage, and the ability to adapt to globalisation. The
aims to promote sustainable growth in the logistics sect@tudy specifically examines a group of highly educated
The main inquiry is: How can different approaches bmdividuals who have obtained their degrees from colleges
improved to completely transform logistic industry humaim the United States or the United Kingdom and are
resource management, creating a work environment tlatrrently employed at Ma'aden Company. The report
promotes the retention of talented individuals, facilitatelsighlights the importance of Saudi graduates from
career advancement, and enhances overall employeaowned international universities in shaping human

contentment? resource practices at Ma'aden Company. Moreover, it
sheds light on their contribution to improving the
2 Literature review company's performance in technological control, English

Revolutionizing Human Resource Management iRroficiency, and adaption to global dynamics.

Saudi Arabia's logistics industry involves talent It is worth noting that there is a significant lack of
identification and assessment to enhance organizatiofi@fearch on talent management in Saudi Arabia and the
performance. Talent management practices in Saudider Arab world, especially in GCC countries. That is
Arabian oil and gas organizations have highlighted th&hy the Jamjoom [20] utilises quantitative analysis of
need for formal approaches in identifying talent angurvey data colleqted from experts and professmnal_s across
providing development opportunities [13]. Implementingyarious sectors in Jeddah, KSA. The study's findings
logistics hubs (LHs) strategically can significantly impactndicate that talent management practices are indeed
Saudi Arabia’s Logistics Performance Index (LPI) rankingMplemented by organisations in KSA. It is worth noting
demonstrating the positive correlation between investing that the study reveals no clear connection between the size
logistics infrastructure and LPI ranking improvement [14]0r type of organisation and employee engagement in talent
Human Resource Management (HRM) practices in tHganagement practices. In addition, it indicates that there is
Saudi Arabian manufacturing sector influence employe®® notable difference in talent identification and
behavioral outcomes during organizational changéecruitment, whether it is during times of crisis or not.
emphasizing the importance of organizationdiowever, there is a noticeable difference in talent
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development and retention between these periodsganisational performance (OP) and human resource
According to Aleisa et al [21], recruiters use candidate dataanagement (HRM) practices. The study revealed a
to create metrics that help them choose the right candidatashstantial impact of HRM practices on knowledge
while job seekers develop their own metrics to assess jotanagement  capacities, organisational culture,
offers and find the best opportunities. This paper exploresganisational performance, and organisational learning in
how Al techniques can improve the Saudi labour mark&audi Arabia. Almatter [27] assesses the influence of
by connecting recruiters and job seekers. Based on tmeman resource management (HRM) techniques on the
study's findings, it is clear that the proposed approach apdrformance of organisations in the Kingdom of Saudi
technology have the ability to greatly assist the Saudirabia. The study aims to elucidate the primary concepts
government in making well-informed and timely decisionsof HRM strategies and organisational performance by
By providing a thorough understanding of the labountegrating perspectives from experts and professionals
market dynamics, these tools offer valuable insights thttrough a comprehensive examination.
can be used strategically. This study focuses on addressing the research gap
Bahamdain et al. [22] examined private and publicelated to the effective implementation of human resource
logistics customer satisfaction in Saudi Arabia during themanagement (HRM) methods in the logistics business in
COVID-19 epidemic. It was revealed that logistics servicBaudi Arabia. While numerous studies have explored
efficiency and quality recommendations. HR and ITifferent aspects of HRM strategies and their impact on
managers collaborated to complete surveys, offerirayerall organisational success, there is a clear lack of
insights on the current status of HR systems in Saudisearch specifically focusing on the unique challenges and
Arabia [23]. The results highlighted the preparedness of tbgportunities within the logistics industry.
Saudi market to embrace and execute novel strategies.
Nevertheless, the levels of satisfaction with the existir@ Conceptual framework

solutions were comparatively low, which called for rapidrhjs research was conducted with a focus on the resource-
remedial measures. Significantly, advancing, especially fased view (RBV) of the firm. The Resource-Based View
adopting the SaaS model, is crucial to enhance firmRBV) is a theoretical framework that aims to clarify and
competitive edge and move them towards a MOfgrecast the reasons behind organisations' ability to attain
successful future. competitive advantage and thus achieve higher profits [28].
Alotaibi [24] examined the ways in which e-commercerhis idea conceptualises a firm as a collection of resources
stores modified their business strategy to accommodate thgt generate capabilities, which can potentially serve as a
needs of e-fulfilment clients. Furthermore, the currentrong source of competitive advantage. It also posits that
logistics model and the environmental responsibilitéompany success is primarily determined by resources that
associated with it will be examined. In addition, Sauq:.bossess the qua“ties of Va|ue' rarity’ and h|gh imitation
Arabia has recognised the significance of the environmegtsts [29]. Understanding the RBV theory is crucial for
in accordance with their vision for 2030. Transport hagcognising the significance of internal resources such as
been increasingly crucial in recent years due to the rafidman capital, knowledge resources, and leadership. These
growth of e-commerce in the Saudi market. This has led fgctors play a vital role in shaping competitive strategies
the need for further exploration of green logistics. In thefind  ultimately achieving sustainable competitive
study, Darwish et al. [25] analysed data from 15&dvantages. Through the effective utilisation of internal
multinational enterprises (MNEs) operating in Saudiesources, companies can strengthen their market position,
Arabia. They discovered a strong correlation between th@rformance, and long-term sustainability in ever-
localization of the human resource management (HRMhanging business landscapes [30]. Some of the key
function and the indigenization of the workforce. The studyariables establish from the theory include: “Human
identified key factors that contribute to workforcecapital”, “Knowledge Resources”, “Leaderships”,

localization, such as recruitment and training practices th@&ompetitive Strategies”, Competitive Advantages” (see
are tailored to the needs of local employees. In their stugsigure 1).

Alshammari [26] examines the role of knowledge
management in mediating the relationship between

’ Human Capital

‘ Knowledge Resources Competitive Strategies o Competitive Advantages

Leaderships

Figure 1 The RBV theoritical framework
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The “Knowledge resources” include the valuablelevelopment, innovation, and strategic adaptation to stay
knowledge and assets that an organisation possesses, sachpetitive in evolving markets.
as intellectual property, patents, proprietary technologies, RBV theory acknowledges the importance of human
and organisational know-how. The “Leadership” is a&apital as a vital internal resource that enhances a firm's
crucial internal resource that has a significant impact @ompetitive advantage. Human capital encompasses the
shaping organisational culture, strategy formulation, andarious skills, knowledge, experience, and capabilities that
execution. The human capital is the variable that thiadividuals bring to an organisation. RBV highlights the
research explores and contributes towards its applicati@ignificance of investing in human capital through
which dwell on the people who work and their collectiveecruitment, training, and talent development initiatives.
talents, expertise, knowledge, and experience. Thénderstanding how to effectively utilise human capital can
“competitive strategies” is sometimes called “Strategisignificantly boost a company's competitive edge by
Alignment”, and it highlights the importance of aligningpromoting innovation, creativity, and productivity within
internal resources and capabilities with markehe workforce. From the RBV, this study conceptualized
opportunities and competitive dynamics to gain a@Human Capital” to dwell on “High-performance human
competitive advantage. Hence, according to RBV theorggsources” which are an extremely valuable logistic
competitive advantages arise from having resources aimdustry asset and are extracted from the “talent pool”
capabilities that are valuable, rare, inimitable, and nowensists of a select group of “highly skilled and valuable
substitutable [28]. Companies that effectively utilise theiemployees” (see Figure 2). The main argument of the study
internal resources to meet customer demands, outperfasnthat by effectively identifying and placing talented
rivals, and achieve strong financial results can gain longxdividuals in positions that align with their skills, an
lasting competitive advantages. RBV underscores the everganisation can establish itself as a formidable force in the
changing nature of competitive advantages, stressing timarket.
importance of ongoing investment in resource

Highly Skilled and Talent Pool .| High-Performance Human
Valuable Employees alent Foo Resources

Figure 2 The RBV theoritical approach towards human capital framework

A

However, it is important to consider the effectivenesassessment practices in the logistics industry of Saudi
of talent identification practices being used in Saudi Arabidrabia.
in locating the right people. Are they effectively evaluating The talent pool from the RBV theoretical approach
their talent using appropriate methods? What are thewards human capital framework presented in Figure 2,
noticeable differences in job performance betweemas been conceptual in this study to be derived from
employees who undergo assessments and those who'lidghly skilled and valuable employees”, this is further
not? These questions have not received much attentioncemceptualized to be associate to the following: “Academic
they were the primary focus of this research. As a resuQualification”, “Skills and Competencies”, “Experience
this study aimed to analyse the talent identification arethd Track Records”, “Cultural Fit” and “Potential and

Future Development” (See Figure 3).

Academic
Qualification

Skills and
Competencies

Experience and

Talent Pool
Track Records alent Poo

A

Cultural Fit

Potential and Future
Development

Figure 3 The proposed conceptual framework
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3.1 Academic qualification 3.3 Experience and track records

Academic qualification is operationally defined by this Experience and track records is operationally defined
study to refers to the educational credentials obtained by ianthis study as the reflection of professional background,
individual in the logistics industry, such as degreesyork history, and demonstrated achievements of an
diplomas, certifications, and professional qualificationsdividual within the logistics sector. This criterion
from accredited institutions. This criterion evaluates thevaluates the extent and variety of hands-on experience in
extent of academic achievement and expertise in areas spokitions related to logistics operations, including logistics
as logistics management, supply chain managemeaogordination, warehouse supervision, transportation
transportation, and related fields. The justification of usinghanagement, customs clearance expertise, and
this variable lies with the fact that, having a strongrocurement responsibilities. It involves evaluating the
academic background is crucial for excelling in the field dength of employment, range of duties, noteworthy
logistics. It requires a diverse range of skills andchievements, and performance reviews.
competencies that are essential for achieving success in thige reason for using this variable lies with the fact that, the
profession. These skills encompass critical thinking, th&iccess and efficiency of a logistic company are intricately
ability to solve problems, strong interpersonal skilldinked to its level of expertise, past performance, and
creativity, the ability to work well in teams, effectiveeffective management strategies. Having a strong
management abilities, and a global mind-set. With the rigackground in partnership management, collaboration, and
of technology and global collaboration, the logistichbuilding relationships is crucial for achieving success in
industry has experienced a significant change. This higistic partnerships [33]. In addition, the development of
resulted in a greater need for knowledge and expertisegistic operators and their integration into the economic
affecting both manual and office-based roles. Modersystem is essential for optimising logistics processes for
teaching methods and information and communicatiazompanies, resulting in higher profitability and stability in
technologies are now essential in educational programmtee global market. In addition, the evaluation of logistic
in logistics to adequately equip students for the industry.management in various countries, based on indicators such

as customs, infrastructure, and timeliness, emphasises the

3.2 Skills and competencies significance of expertise and effective management

Skills and competencies in this study pertain to theractices in the logistics industry. Implementing tracking
specific abilities, proficiencies, and technical knowledgsystems in logistics and transportation operations can
required to thrive in the logistics industry. This criteriorgreatly improve fleet optimisation, cost reduction, and
evaluates a candidate's practical skills in various areas s@siset utilisation while also enhancing driver safety,
as inventory management, transportation planningecause the importance of track records in logistic
warehousing operations, freight forwarding, rout@perations cannot be overstated.
optimisation, as well as their soft skills including
communication, problem-solving, teamwork, adaptability3.4  Cultural fit refers
and attention to detail. Cultural fit is operationally defined as the compatibility

It is important to consider this variable because logistiwith the company culture, can be measure by the extent
companies need employees who possess a wide rangsvbére the compatibility between an individual's values,
skills and competencies to effectively handle theork style, and behavioural traits with the organisational
complexities brought about by globalisation. In order toulture in the logistics industry in Saudi Arabia. This
excel in the ever-changing field of logistics, it is crucial tariterion assesses how well a candidate aligns with the
possess a range of skills including interdisciplinargompany culture, including factors like work ethic,
knowledge, problem-solving abilities, and effective copingollaboration, respect for hierarchy, adaptability to cultural
skills. Human resources are essential for the successnofinces, and dedication to organisational goals and vision.
service firms, as they have a significant impact on service The justification of adopting this variable lies with the
quality and costs. This is particularly true in maritimdact that the compatibility of corporate culture within
logistics, where human factors continue to be cruci#gistic companies is a key factor in determining their
despite the capital-intensive nature of operations [32Quccess and performance [34]. Research suggests that the
Effective logistics skills is crucial for maintaining aculture within an organisation has a significant impact on
competitive edge. It requires a team of highly skilledarious aspects such as knowledge sharing,
employees who can navigate complex processes ammmmunication, decision-making, and interpersonal
possess strong social and decision-making skills. Thessationships among employees. In addition, the culture of
factors have a direct impact on employee retention aad company, specifically the adhocracy and market
overall performance. In general, there is a noticeable trendentation culture, has a positive effect on the innovation
in the logistics sector towards valuing specialised criticalf firms in the logistics sector. Implementing effective
skills rather than traditional hierarchical roles. This shifinnovation management practices is crucial in cultivating
highlights the importance of being adaptable and proficieanh innovative organisational culture within logistics
in uncertain environments. companies. This fosters a stronger commitment to
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innovation and the development of core organisationatganisations in making well-informed and resilient
values. Thus, it is crucial for logistic companies talecisions that are in line with their aims and objectives by
prioritise compatibility with the company culture in orderconsidering a wide range of criteria and preferences.

to improve knowledge sharing, decision-making, The justification of using this method for this study

innovativeness, and overall performance. lies with the fact that “Experts” who have a deep
understanding of the Saudi Arabian logistics industry can
3.5 Potential and future development offer valuable insights into the specific skills,

The potential and future development of an individuatompetencies, and attributes required for success. MCDM
within the logistics industry in Saudi Arabia in this studyequires expert evalaution, with a deep understanding of
can be determined by their inherent capabilities, aptituddBg industry's changing dynamics. Similarly, professionals
and growth prospects, which are influenced by th&ho possess a strong understanding of different cultures
changing landscape of the industry. This criterioand are well-versed in the business practices of Saudi
evaluates not just the present skills and competencies, Btiabia can skillfully evaluate compatibility of local culture
also the ability to learn, adapt to change, demonstrsaadd HRM operations. This is also associted to having a
leadership potential, and be prepared for future roles agiong grasp of the intricacies of the logistics industry. The
responsibilities within the organisation. It entaildfinal justification lies wth the fact that Karahan et al. [4]
recognising individuals with great potential for growth ané@stablished that “Multi-criteria decision-making methods”
investing in their professional development througlre commonly used for the manager selection problem, and
training, mentoring, and opportunities for careethat it why the study identified ten criteria for selecting a
advancement. human resources manager in logistics companies and

The justification of selecting this variable lies with theapplied the intuitionistic fuzzy weighted averaging
fact that the growth and advancement of a logistidd~WA) method for weighting criteria in order to determine
organisation encompass multiple factors, includinthe most important key criteria among them. The finding
sustainable development, the provision of value-add@d the analysis revealed that the “experience criterion” was
services, and the incorporation of innovative ways in trgetermined as the most important for selecting a logistics
market. Sustainable development involves achievirgiman resources manager. Furthermore, Decision-Making
internal stability through the use of managementrial and Evaluation Laboratory (DEMATEL) technique
techniques and ensuring external stability at the globavhich belong to the MCDM is used to understand the
regional, and national levels [35]. The production of valugnfluential characteristics of the challenges to Human
added services in logistics is essential for efficientliResource (HR) Practices in start-up companie.
meeting client demands and growing the range of services
provided, so contributing to the overall success of the fird.1 DEMATEL process
The development of logistics potential is influenced by The DEMATEL approach is a sophisticated analytical
various factors, such as the implementation of netwol that is utilised in the process of decision-making to
technologies, the extensive utilisation of informatiomain an understanding of the intricate correlations that exist
systems, and the incorporation of environmentdletween the many components. The ability to visualise the
considerations to ensure sustainable business practiaemise-and-effect linkages between various criteria or
Moreover, the use of cutting-edge logistical strategieslements is beneficial to decision-makers because it
such as fourth-party logistics, can prompt changes in te@ables them to discover significant drivers and
geographical distribution of global production networkslependencies within a system. DEMATEL is especially
and improve service offerings by forming partnershipbelpful in circumstances in which numerous criteria or

with multinational corporations. variables interact with one another, making it difficult to
establish the relative relevance or influence of each of these
4  Methodology factors.

This study employs the Multi-criteria decision making The purpose of the activity was to have experts evaluate
(MCDM) technique, which is a methodical strategyihe criteria by considering the different components of each
utilised to assess and rank alternatives or courses of actfgfierion. These components were designed to empower
in situations where many, frequently competing, criteritie expatriate and give them more control over their
must be simultaneously taken into account. MCDNpersonal experience. Experts assign a valuex;jto
approaches are designed to assist decision-makersindicate the significance of each criterion's impact. The
choosing the most appropriate option from a group oflues are determined based on the cause and effect
possibilities, considering multiple criteria or objectives thatriteria, denoted biandj. Therefore, an expert's response
may vary in priority or preference. MCDM provides ais obtained for each value o= 1,2, 3..., n. This results in
methodical and organised approach to handling intricage non-negativenxn direct relation matrix, formed by
decision-making situations, allowing decision-makers tequation (1):
take into account many viewpoints, goals, and limitations xY = [xf.]nxn (1)
in a clear and logical way. MCDM approaches facilitate /
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The variable y denotes the number of representatioagssified as part of the cause group. Conversely, if the
for each expert, with a range df< y < q. The equation difference between - ¢ is negative, it indicates that the
generates a matrig for x, X%,... X whereq is the total criteria in question are being influenced by the other
number of experts. Equation 2 presents the averageteria collectively and should be classified as the "effect."
aggregated decision matrix for all the ex@rt[z;;] (2).  Hence, the sum ofr and c is referred to as the

"Prominence," whilst the difference betweerandc is
) referred to as the "Re!ation."
Step 5: Establishing a threshold valug for the
purpose of generating an interaction diagram. Equation 7

Step 2: Generating the normalised direct relatioR derived to determine the threshold value for the impact
matrix: The matri>XD, which represents the direct relationsconnection (6).

is created using equation (3).

— 1ya ¥
Zy = ;Zi=1xij

n

n
D= max(m.ale’-‘=1 zj, max >, zi,-,) (3) a= Z Z ti;/N (6)

1<isn i=1 j=1

Consequently, every individual cell within matrix Z  The variableN represents the total number of matrix
will possess a value that lies within the numerical interv@lements that will be obtained by calculating the average
of Oto 1. of the members of the matrix This calculation is done to

Step 3: Generating the total relation matrix invoIveﬁjemify and remove any impacts that are judged to be
exponentiating the normalised initial direct-relation matriyninor. This implies that the impact connections will not
D to the power of m, where m indicates the indirect impaghcompass any impacts that are less severe than the
D™ The resulting matrix, denoted & shows the threshold value, as there will be none.
cumulative influence generated by the participant's  step 6: Generating the relational diagram illustrating
response. The total relation matrix T may be obtained Bife causal relationship between factors and their effects:
summing up the direct-relation matrices B+D.+D". As  The results obtained from the calculations carried out in the
D™ converges to zero, we can conclude that T is identigglevious steps will be used as the foundation for the
to the initial direct-relation matrix D. Therefore, the totalelationship diagram. Therefore, the correlation between
relation matrix T can be expressedTas D + D? + ... +  the cause and effect has been assigned to each of the
D”, which can be further simplified & D+D?+...+D*  ¢oordinate sets that make up the full array of rows and

is T=lim(D + D? + D* ...+ D™) = D(I-D)™.  columns. The rows and columns in this illustration depict
Therefore (4): the interactions between the criteria and provide valuable
information for determining the relative importance of
T=D(-D)1 (4) each criterion and how they interact with one another.

wherel represents an identity matrix with dimensiors. 5 Analysis and presentation of the result
The DEMATEL technique was employed to investigate
Developing the rows and columns of the matrix is ththe key parameters influencing the effectiveness of
fourth step. The vectors that are used to represent the raesnpetitive intelligence. To obtain the outcome of the
and columns that are included in the total relation matrianalysis, the initial step is to code the criteria and input the
If the vectors andc, respectively, are used to represent thdata into an MS Excel sheet labelled "Academic
total of the rows of matriX and the total of the columns of Qualification" (AQ), "Skills and Competencies" (SC),
matrix T, then the following is true if the following is true "Experience and Track Records" (ET), "Cultural Fit" (CF),
(5): and "Potential and Future Development" (PF). Once the
data collection process is over, this step marks the initial
r=[rilna=[Z, ty]xiande =[c;|ix=[Ek, t;]ixn (5) stage of collecting the analysis results. Hence, the
viewpoints of the 19 specialists who took part in this study
If j is equal td, then the sum af andg will represent and shared their feedback on a Likert scale with whole
the influence that criterionhas orj. If j is not equal té, ~number values ranging from 0 to 4, have been gathered and

the sum W|” reveal the Overa” effects experienced Wcorporated |nt0 an |n|t|a| indiVidUaI matl’iX. Th|S mat!‘ix
criterioni, while the difference will show the net impactiS Presented in the form of an nxn non-negative direct
that criterioni contributes to the system. Conversely, if théelation matrix, as per equation 1. The presented matrix
value is positive, criteriafunctions as a primary cause, andlisplays the mean total of decision matrices () derived
if it is negative, it functions as a primary effect. If thefom the input of 19 experts from the Human Resources
difference between - ¢ is positive, then the criteria have Department of logistics organisations in Saudi Arabia.

a significant influence on the other criteria, and they can be
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[0 2 3 2 4] Development” when considering “Experience and Track
1.0 4 3 1 Records”. This suggests that a candidate's experience and
track record are deemed equally significant in evaluating
_ 4 1 0 2 4 X | Y .
Z= their academic qualifications and future potential. However,
14202 the most significant impact of “Cultural Fit” is on “Skills and
4 2 430 Competencies”, as indicated by a score of 4. This implies

that experts prioritise a candidate's alignment with the
These experts have more than 10 years record ‘@fganization's culture” when assessing their abilities and
evaluating logistic companies job-seeking candidates baggéplifications. On the other aspect of the greatest impact
on five criteria: (AQ, SC, ET, CF, and PF). The descriptivéfom “Potential and Future Development”, it was revealed
analysis of this total decision matrices suggest that theat it is evenly divided between “Academic Qualification”
experts assessed the impact of “Academic Qualification” @nd “Experience and Track Records” (both with a score of
itself as 0, indicating no direct influence., whereas, it has th¢, suggesting that experts view a candidate's potential and
greatest impact on “Potential and Future Development”, #igure growth as being equally affected by their educational
indicated by an average score of 4. This implies that expel@ckground and previous accomplishments.
firmly believe that a candidate's academic qualifications These scores represent the combined viewpoint of the 19
significantly contribute to their potential and future growthHR experts on the importance of each criterion when
It was also revealed that the greatest impact on “Experierggsessing candidates for positions in logistics companies in
and Track Records” comes from “Skills and CompetencieSaudi Arabia. However, the interactions as well as the causes
(with a score of 4), indicating that experts consider and effect of these outcome are not yet revealed at this point.
candidate's skills and competencies to be highly indicative Following the descriptive analysis of the total decision
of their previous experiences and performance. matrices, a normalized direct influence matrix was derived
Experts assign equal weightage (score of 4) foy utilizing equation 3, and the result is the normalized
“Academic Qualification” and “Potential and Futurematrix D displayed below:

0 0.153846154 0.230769231 0.153846154 0.30769P308
0.076923077 0 0.307692308 0.230769231 0.076923077
0.307692308 0.076923077 0 0.153846154 0.307692308
D= 0.076923077 0.307692308 0.153846154 0 0.15384615
0.307692308 0.153846154 0.307692308 0.230769231 0

The expert’s response is used to get the normalisedluence generated by the expert’'s response. This matrix
initial direct-relation matrix, and equation 4 is used tds valuable for decision-making processes.
determine the total relation matrix, which refers to the total

[0.841906236 0.829006339 1.169003391 0.915538847  1.131P5558
0.736819991 0.561897391 1.016828837 0.811278195 0.784542238
T= 1.098474126 0.783200649 0.9910143 0.922055138 1.1527]12664
0.719570986 0.806774289 0.915251364 0.625814536 0.8152P7135
1.184144184 0.922534277 1.339960195 1.065413534 1.0115p1451

By computing the sums of the rows and columns of ttean be determined if the vectarandc represent the sum
matrix that generates the total relation matrix, also knowaf the rows and the sum of the columns of the entire
as the rows matrix vectors and columns matrix vectors télation matrix. This enables the identification of "cause"
the total relation matrix, one can establish the causes amtl "effect." As a result, the result of the computation is
effects based on the study. The solution of equationsdsplayed in the matrix Table 1.
yields these outcomes. In other words, "cause" and "effect"

Table 1 Direct influenced of the criteria among themselves

Criteria ri Ci ri+G ri-Ci identity
AQ 4.88651039 4.58091552 9.46742591 0.3055948 | cause
SC 3.91136665 3.90341294 7.81477959 0.00795370 | cause
ET 4.94745687 5.43205808 10.3795149 | -0.48460120 | effect
CF 3.8826183 4.34010025 8.22271856 -0.4574819 | effect
PF 5.5235736 4.89503906 10.4186127 0.62853457 | cause
~192 ~
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Criteria such as "Academic Qualification", "Skills andnstance, Experience, Track Records, and Cultural Fit are
Competencies”, and "Potential and Future Developmertategorized as effects, implying that they are influenced by
are recognized as determinants that significantly influencther factors such as Academic Qualification and Skills
the assessment of candidates in several aspects. The dafid Competencies.
department may prioritize cause criteria when evaluating The next essential step is constructing an interaction
recruits or creating training and development programdiagram, this is established by a threshold value, obtained
These factors are essential for success in employmémm the full relation matrix using Equation 7. As a result,
within the logistics business and therefore attrathe threshold value is estimated to be 0.926061035. This
significant consideration during the selection processalue signifies that any value in the total relation matrix
Criteria categorized as "effect" are those that are impacttitit above the threshold has an impact on the relationships
by other criteria. Secondary factors are influenced by tlidtagram, whereas any value in the total relation matrix that
major drivers that have been recognized as the causes.below the threshold value does not impact the
Within the HR department of logistics firms in Saudrelationships diagram. Consequently, the values that are
Arabia, the term “effect" criteria refers to traits orbeing scrutinised have been emphasised in bold inside the
qualifications that are the result of other elements. Famatrix provided in Table 2.

Table 2 The values that determine the relationships impact

AQ SC ET CF PF
AQ | 0.84190¢ | 0.82900! | 1.169003| 0.91553' | 1.131056
SC| 0.7368.] 0.56189 | 1.016829| 0.81127: | 0.78454.
ET | 1.098474| 0.78320: | 0.991014| 0.92205! | 1.152713
CF | 0.71957. | 0.80677. | 0.91525. | 0.62581' | 0.81520
PF | 1.184144] 0.92253. | 1.33996] 1.065414 1.011521

Table 2 displays the values that define the impact ahderscores the need of taking into account several
relationships between various criteria. The values aetements when assessing applicants or making HR-related
utilised to depict arrows in a diagram (See Diagraph ichoices (Figure 4).

Figure 4) in order to graphically illustrate the connection
between the criteria. AQ has a direct influence on ET
well as PF. This implies that when evaluating AQ, HRN
should also take into account ET as well as PF. Two arro'
are depicted in the diagraph, originating from AQ an
pointing towards ET and PF, respectively. SC solel
influence ET. When assessing SC, it is important {
thoroughly examine ET. A directional arrow is depictec
originating from the source node SC and pointing towar(
the target node ET in the diagraph. ET have a dire
influence on both AQ and PF. ET significantly influence
both AQ and PF. The diagraph includes two arrow.
originating from ET and pointing towards AQ and PF,
respectively. Additionally, there is a looping arrow that . i ) L
represents the impact of ET on itself. CF appears to hd@e Discussion and implication of the study

no influence on any other criteria. Consequently, there are The study utilises the DEMATEL technique to examine
no arrows originating from CF in the diagraph. the crucial factors that impact the efficiency of competitive

PF is the sole determinant that influences all othéptelligence in the Human Resources Department of
criteria, with the exception of SC. This indicates that Pigistics companies in Saudi Arabia. By employing this
has a pivotal role in exerting influence on other criterianethod, the study seeks to reveal the cause-and-effect
The diagraph illustrates the influence of PF on thregonnections among various criteria. Within logistics
criteria: ET, CF, and PF itself. This is shown by thregéompanies, the assessment of Saudi Arabia logistic
arrows drawn from PF to each of these criteria. THeOmMpanies job-seeking candidates is significantly
diagraph interconnects mutual influence of the variables iafluenced by parameters such as Academic Qualification,
the decision-making process of HRM in logisticsSkills and Competencies, and Potential and Future
organisations in Saudi Arabia. This research serves Rgvelopment, according to the study. These parameters are
illuminate the correlations between criteria and@onsidered significant factors and are given high priority in

Figure 4 The interrelationship diagraph
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the evaluation process, highlighting their crucial role iThrough a deep understanding of the cause-and-effect
candidate selection and HR decision-making. connections between various factors, HR professionals can
Through a thorough examination of the connectionsreate customised recruitment and HR management
between various factors, this study uncovers the intricadérategies that meet the specific needs of the organisation.
web of cause and effect relationships. Identifying primaryhis, in turn, leads to improved performance and
drivers that influence other criteria includes factors such asmpetitiveness within the logistics industry.
academic qualifications and skills and competencies.
However, the outcomes of effect criteria, such ag Conclusion
Experience and Track Records and Cultural Fit, are yitimately, this study employs the DEMATEL
influenced by the cause criteria. Having a cleagchnique to examine the crucial criteria that impact the
understanding of these relationships is essential in orderftgient pool of HR of logistics companies in Saudi Arabia.
develop recruitment strategies and training programmeg thoroughly examining the criteria, this study provides
that are specifically tailored to meet the organizationyg|uable insights into the connections between these
needs. The study underscores the importance of Potengigteria and their impact on HR decision-making processes.
and Future Development in candidate assessmefhe study's findings emphasise the crucial significance of
highlighting its significant impact on other criteria. It isspecific factors, including Academic Qualification, Skills
crucial to take into account a candidate's potential f@ind Competencies, and Potential and Future Development,
growth and development when making HR decisions ighen evaluating job applicants in the logistics industry.
logistics companies. The study's findings provide valuabighese criteria are crucial factors that are carefully
insights for HR management in logistics companies ifonsidered during the evaluation process, highlighting
Saudi Arabia. Through a deep understanding of thfeir significant role in candidate selecton and HR
connections between various factors, HR professionals G#fanagement. In addition, the study explores the
create evaluation methods that are more comprehensjggationships between different criteria, shedding light on
and impactful when it comes to selecting, training, angbth the causes and effects and offering a holistic
developing candidates. By focusing on key factors likgnderstanding of their interconnections. Having a deep
Academic Qualification and Skills and Competencies, yoynderstanding of these relationships is crucial in order to
can easily identify top talent. Additionally, consideringjevelop recruitment strategies, training programmes, and
factors like Experience and Cultural Fit can greatlyjR management practices that are customised to meet the
contribute to building a strong and high-performingnique needs of logistics companies in Saudi Arabia. The
workforce. study's findings have practical implications for HR
This study makes a valuable contribution by utilisingyrofessionals, providing valuable insights to improve
the DEMATEL technique to analyse the intricatesandidate selection, training, and development processes.
relationships between various criteria. This approach offegs; focusing on cause criteria and effectively addressing
a well-organized framework for comprehending causesffect criteria, HR departments can enhance their
and-effect relationships and their impact on HR decisiopecruitment efforts and cultivate a unified and high-
making processes. Utilising quantitative data analysis ap@drforming workforce. The study makes a valuable
visualisation techniques can greatly improve thgontribution by utilising the DEMATEL technique to

understandability of the results and support well-informeghalyse intricate relationships between criteria in a
decision-making. Although the study has made valuablgstematic manner.

contributions, it does have some limitations. For example,
the sample size of 19 HR experts may not provide References
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Abstract: Baitul Mal Unisba (BMU), a zakat-based philanthropic institution, offers scholarships to its students, aiming
not only to support their tuition but also to foster exceptional character development. This research addresses a significant
challenge at BMU: the inefficiency in its administrative processes due to the absence of a robust information system. The
study proposes developing a management information system to optimize scholarship distribution, precision, and
accuracy of managing scholarship data - from collection and recording to processing and reporting. This improvement is
anticipated to support more informed decision-making in scholarship distribution. The system was built using the Rapid
Application Development process, which consists of three stages: requirements planning, workshop design, and
implementation. The emphasis is on the optimal use of scholarship funds, time, and manpower. This research made an
important contribution by developing a prototype of a web-based scholarship information system aimed at improving the
effectiveness of distribution. The newly created scholarship management information system improves these processes
by removing duplicate tasks and streamlining the overall workflow. It provides comprehensive data for the decision-
making panel, including academic performance, activity reports, and scholarship quotas. Initial testing of the prototype
shows that it meets all functional requirements, suggesting its potential effectiveness in resolving the current challenges
in BMU’s scholarship selection and distribution process.

objectivity in their distribution is essential for aiding
students in their academic pursuits [5].

BMU utilizes various communication channels to
promote the scholarship program, including its website,
Instagram, WhatsApp, and email. The rapid spread of
information via these platforms necessitates careful

1 Introduction

The rapid evolution of information technology (IT) has
significantly enhanced the efficiency and effectiveness of
various sectors. This technological progress draws
increasing interest from diverse organizations, including
those in the philanthropic domain, to upgrade their IT

performance [1]. In the field of philanthropy, IT plays a
crucial role, especially for organizations involved in
collecting and distributing donations [2]. The
implementation of IT in zakat management systems
notably impacts the quality of management reporting, both
financially and non-financially [3]. Baitul Mal Unisba
(BMU) as a zakat philanthropic institution should also look
for the possibility of using information technology to
improve its services. BMU, operating under the
Universitas Islam Bandung, focuses on zakat, infag, and
alms funds management and distribution. Its primary
program is a scholarship initiative for Unisba students.
These scholarships, awarded based on merit, Quran
memorization, and financial need, are pivotal for fostering

content management to prevent misinformation [6]. The
program provides financial assistance and focuses on
character-building through various coaching activities.
Participation in these activities, along with academic
performance, is crucial for the annual scholarship renewal
assessment. However, BMU faces challenges due to non-
integrated computer systems for tracking scholarship
recipients’ activities, leading to inefficiencies and reduced
organizational effectiveness. This situation delays
decision-making and impacts the optimal distribution of
scholarships.

Optimizing scholarship distribution aims to ensure the
efficient and effective use of educational financial aid in
meeting its designated objectives. To enhance scholarship

competent and competitive resources [4]. Ensuring distribution, various factors need consideration, including
the criteria for awarding scholarships, the quantity of aid
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provided, and the equity of the selection process.
Numerous studies focus on augmenting scholarship
allocations, incorporating technological advancements.
The integration of information technology streamlines the
submission, processing, and monitoring of scholarship
applications. The utilization of machine learning for
enrollment estimation has seen limited exploration in
scholarship disbursement strategies [7]. Employing neural
networks and genetic algorithms to fine-tune financial aid
allocation [8] and leveraging student application data in
higher education for scholarship optimization through
machine learning and numerical methods are emerging
approaches [9].

The research question is how the design of BMU's
information system can minimize inefficiencies, eliminate
redundant activities, simplify the overall workflow, and
enhance organizational efficacy, thereby expediting
decision-making processes to refine scholarship
distribution. This study aims at designing a scholarship
information system based on user needs. The users, in this
case, are students who apply for the scholarships BMU
Administration  processes the applications. BMU
scholarship information system can be used to manage
academic information and student activities for scholarship
recipients. Thus, academic progress and other coaching
activities can be stored and retrieved to assess scholarship
applications.

This study presents a distinctive approach to the
development of information systems that are tailored to
effectively facilitate the process of distributing
scholarships. These systems are meant to cater to the
distinct requirements and intricate nature of scholarship
distribution. The present method incorporates multiple
criteria for scholarship selection, including academic
records, student involvement in extracurricular activities,
and the availability of quotas. This integration aims to
enhance the precision and reliability of the scholarship
recipient selection process.

Rapid Application Development (RAD) is a
prototyping-focused iterative application development
approach that may be completed in a short period with a
team of two to six people [10]. The RAD method is
frequently employed in the domain of business software
development. Its application in the realm of scholarship
management can yield significant contributions. The
outcome of this study yielded a prototype of a web-based
system for disseminating scholarship material, to enhance
accessibility and expand the user base. The utilization of
the system can enhance the efficacy and accuracy of the
decision-making process about scholarships, hence
offering substantial advantages to the awarding
organization.

2  Literature review
The literature review presents concepts and techniques

process management notation (BPMN), Entity relationship
diagram (ERD), and Use Case Diagram (UCD).

2.1 Rapid application development

The waterfall model and its variations are examples of
traditional system development methodologies. RAD is a
collection of methodologies intended to address the flaws
of traditional methodologies [11]. Rapid Application
Development can help in producing high-quality systems,
while at the same time lowering the development cost and
time [12]. This paradigm stresses a quick planning process
and focuses on the software development process, testing,
and feedback in its use [13].

There are three methods for implementing it: (i)
iterative development, (ii) system prototyping, and (iii)
single-use prototypes. A project is divided into
series/versions that will be progressively produced through
iterative development. The most crucial aspect of this
strategy is creating the initial version of the system. A
simplified waterfall approach was used to create this
version quickly. Once implemented, users can provide
feedback for the improvement of the next version of the
system. Figure 1 depicts the phases of development.

2.2 Business process model notation

Business Process Model Notation (BPMN) is an
essential modeling method. BPMN's core function is to
visually represent business processes, aiming to enhance
and refine aspects such as quality, time, and cost
efficiencies. BPMN's major purpose is to offer a
universally understandable notation that is accessible to a
diverse range of stakeholders involved in business
operations. This includes business analysts, who create
initial process designs, technical specialists responsible for
implementing the technology necessary to execute these
processes, and managers overseeing their execution [14].
BPMN modeling aims to give notes that are simple to
comprehend and comprehend by businesspeople. The
purpose of BPMN is to serve as a link between the design
and implementation processes. BPMN 2.0 offers a unified
specification encompassing the notation, metamodel, and
interchange format of the novel business process model.
However, it does so with an altered vocabulary that
maintains the BPMN label. Aligning BPMN, facilitating
the interchange of business process models, and diagram
layouts, and expanding BPMN to allow symphonic models
and choreography are all features accessible in BPMN 2.0
[15].

2.3 Entity relationship diagram

The Entity-Relationship Diagram (ERD) is a model
defined as a graphical representation of a data set's logic
that includes a complete description of all entities,
relationships, and restrictions [16]. ERD is also known as
a technique for modeling data needs, and it is commonly

in Rapid application development (RAD), Business used in system analysis and process requirements analysis
of systems development projects. Based on the preceding
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description, it can be stated that an ERD is a graphical
representation of a data model that offers a complete image
of all entities, and connections, and solves problems using
analytical methods [17]. This ERD connects the contents
to create conceptual data models, data structure and
relationship modeling, and logical and physical DBMS
implementations. This data modeling is viewed entity-
relationship diagram by considering the required or not
required provisions. Then, entity relationships can assist in
answering the questions that need to be answered and how
to apply the answers to the data.

2.4 Use case diagram

A use case diagram (UCD) visualizes a system’s
behavior and the actors who interact with it. When the
system reacts to requests from actors, use cases define what
happens in all circumstances. The principal actor initiates
a system request based on the aim, and the system responds
to the proposal [18]. In systems analysis, a use case is a
method for identifying, clarifying, and managing system
requirements. UML (Unified Modeling Language) serves
as the preeminent modeling language for tangible systems
and objects [19], use case diagrams are utilized Use case
diagrams are a subclass of the Unified Modeling Language
(UML) behavior diagrams [20].

3  Methodology

This research describes the system using the Rapid
Application Development (RAD) development approach
as a step method and focuses more on development [21].
The phases of this process resulted in the creation of a
prototype that may be utilized as a foundation before being
implemented on a real natural them. The three steps are the

_— Prototype
— Protoiype

requirements planning stage, workshop design, and
implementation. A system request and feasibility study are
used to determine the planning stage. Before identifying,
the study first collected information through direct
interviews with several stakeholders, including directors,
heads of programs and services, collection and marketing
staff, and financial administration staff of BMU.
Interviews were also conducted with representatives of
students who will apply for scholarships and students who
have received scholarships for 3 years. Other information
was also obtained from documents and files of BMU.

Modeling business processes, identifying functional
and non-functional system requirements, logical modeling
using BPMN 2.0 for business process modeling [22],
activity interaction modeling Use case Diagrams, and data
modeling Entity-Relationship Diagram (ERD), which is
one of the techniques used to model an organization needs,
are all stages of the analysis. Analysts often use ERD to
create systems, engineering diagrams, or visual aids. It is
the foundation for constructing the relational database that
underpins the information system [23].

The next step is to create a prototype design consisting
of designs carried out in the system, such as physical
business process modeling, physical data modeling, and
prototype interface design using Figma. The system will be
built utilizing an app server with a code igniter (CI)
framework. As well as using Visual Studio Coding as a
code editor. Figure 1 depicts the stages of the Rapid
Application Development (RAD) stage technique. Rapid
Application Development (RAD) steps are requirements
planning, RAD design workshop, and implementation
[24], as shown in Figure 1.
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Figure 1 Method of Rapid Application Development (RAD) (Wixom, Roth, and Dennis, 2014)

3.1.1 Requirements planning

Users and analysts get together to start the first step of
requirements planning by determining the application or
system's goals. Then it's on to problem-solving.

3.1.2  Design Workshop

This step entails creating and perfecting a previously
designed development. System decision support to
encourage users to agree with an existing user. The role of
programmers and analysts is to create and offer a visual

representation of methods and procedures. The user will
next give feedback on the actual working prototype. The
analyst then refines the designed module in response to
user feedback.

3.1.3 Implementation

The last stage is implementing the newly developed or
partially built system, testing it, and introducing it to the
company. There's no need to operate the old system
parallel after making a new one.
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4 Result and discussion
4.1  Requirements planning

The flow of scholarship activities at BMU is now
specified using use case diagrams and BPMN 2.0 business
processes to identify the parties involved and the phases of

actions that must be completed. After discovering the flow
of scholarship activities at BMU, system modeling using
ERD was used to determine the data flow that happened in
each step. The information system planning step is based
on the use case, business processes, and ERD.

Table 1 System request baitul mal scholarship application Unisha

System Request - Baitul Maal Unisba Scholarship Application

Project Sponsor: Baitul Mal Unisba (Scholarship)

being recorded in a database.

Business requirements: Potential scholarship applicants can register and
upload registration files directly through the system, with the required data

Business Criteria: The system must meet the following needs:

- It must be able to preserve data.

- It must be able to show essential announcement information.
- It must be able to upload file requirements.

- The system may display user-created logins and registrations.

Business Value: BMU can improve services, such as scholarships, by allowing
users to register and upload material directly to a database. Prospective
scholarship winners can also view the availability of scholarship quotas and the
notification of acceptance. The business value that may be produced is that the
administration will be able to handle existing data easily and will be able to
reduce the time it takes to verify registration requirements and inform the
timetable for the implementation of acceptance operations.

Special Issues and Limitations: Shortly, a system is required.

At this stage, identification is carried out on the old
system, and changes are discovered via a system request,
as shown in Table 1. The following step is development,
by assessing the information system on the scholarship
process at BMU to determine the present system's
requirements.

During the system analysis, two needs were identified:
functional and non-functional requirements and logical
design modeling study analytic practical conditions
consisting of admin and user requirements, whereas non-
functional requirements analysis consists of a system
behavior or system operational requirements.

4.2  Design workshop

The following step is to create a logical system. A Use-
case Diagram is used to model logical system interactions.
Business Process Modeling and Notation 2.0 by logis
menggambarkan pemodelan desain proses bisnis. The

scholarship business process model follows a logical path
from registration to comprehensive personal data. When
applying for a scholarship, the prospective beneficiary
enters the submission data and uploads the required
documents right away. BMU administrator will next
review the scholarship application data and deliver
information about the activities of the admissions schedule
to potential scholarship winners. Following that, potential
scholarship applicants will be given information on the
admissions timetable and will be required to participate in
a series of activities according to the schedule, evaluate the
written test surah memory test, and conduct interviews
with potential scholarship applicants. BMU administration
will disseminate information on the scholarship acceptance
results via the website.

Figures 2 and Figure 3 illustrate user actions before and
after, whereas Figures 4 and Figure 5 show the exchange
of business processes before and after.
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4.3  Implementation
4.3.1 Database design

Business processes and logical relationships between
actors are used to create database designs. The database
was created to make it easier to search for data and speed
up the information delivery process—the existence of a
database architecture that allows data to be appropriately
structured and saved in one location. Normalization is one
of the things that must be addressed while designing a
database. Normalization aims to create a database structure

that minimizes data duplication. This study of Baitul Mal
Unisba's scholarship program employs normalization to
the third stage, yielding 13 tables.

Proceed to the following step: create a data dictionary
with data types, sizes, table components, and sample data
based on the 13 tables. Then go on to make connections
between tables that are connected. The visual
representation of the relationship between tables in a
database utilized in the application is called a relationship.
The Entity-Relationship Diagram (ERD), as seen in Figure
6, depicts connections or relationships between tables.

Pengajuan Beasiswa

Fengajuan Dana Talangan Admin
— PE |id_Pendaftaran
PK |id_Pendaftaran =4 PK |id _Admin
Kode =
Kode Username
MNip
NIP Password
-
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P
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. Nama_Ayah
NP NATRAL Pyt MNama_lbu Berkas D
rEas i
Fil Pendidikan_Ayah y SATKRS: RN
i Nama Tbu Pekerjaan_Ayah PK |id_Berkas
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- Pekerjaan_Sdr_Lk Jagwal Pengajuan Buku Transfer
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Pekerjaan_Sdr_Pr PK [id_Jadwal PK [1d_TF
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PK |id_Beasiswa 4 Tanggal | i User
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ik P l—&— PK |id_User b4
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Keterangan Milai
Id_User S — Keterangan
Status i Id_User
Nama Status
Figure 6 Table-to-Table Relationship
4.3.2  User interface design — College student: shape create account;

The next step is to create a user interface that would
make accessing the database easier for users. The Figma
platform was used to create the user interface. In this study,
the interface needs to amount to 43 forms with two access
levels, admin and student, as follows:

— All users: form welcome;
— All users: form login;

— College student: form choose service;

— College student: form input scholarship application;
— College student: form scholarship information;

— College student: form scholarship announcement;

— Admin: Dashboard,;

— Admin: Database scholarship information.
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4.3.3  Application design

The next stage is to create the program after completing
the user interface. The software code is made in line with
the database and user interface utilizing the Visual Studio

Table -« Action
] admin | Browse [le Structure % Search Je Insert
[ berkas_beasiswa | Browse = Structure % Search }E Insert
[J berkas_dana S | Browse [}4 Structure % Search & Insert
(] bukti_tf | Browse It Structure % Search 3 Insert
[ foto Browse [}# Structure % Search e Insert
[ ] fnm_us.cl Browse e Structure % Search @;‘ Insert
] info_beasiswa | Browse [}# Structure ‘% Search 3¢ Insert
[] info_dana | Browse (s Structure 4 Search 3 Insert
[ jadwal W [ Browse (& Structure & Search Be Insert
[] jadwal_dana | Browse s Structure % Search Fc Insert
] pengajuan | Browse [}# Structure % Search 3 Insert
[] pengajuan_dana | Browse & Structure % Search 3£ Insert
[] pengumuman_beasiswa 5 | Browse [}# Structure % Search i-:' nsart
[} pengum:lman_dana Sl 1 Browse | Structure % Search 3& Insert
[ pengumuman_nilai | Browse [}# Structure & Search < Insen
[J user %¢ || Browse s Structure 4 Search e Insert

16 tables Sum

& Empty & Drop

& Empty @ Drop

i Empty @ Drop

code application at this stage. The xampp server, MySQL
database, and code igniter (ClI) framework are used to
create the application. Figure 7 and Figure 8, depict the
application development design.

Rows g Type Collation Size Overhead
i Empty & Drop 1 InnoDB utfBmbd_general_¢i  16.8 kiB
i Empty @ Drop 3 InnoDB utiémbd_general ¢i  32.8 KiB

InnoDB utfémbd_general_¢i  32.0 KiB

& Empty @ Drop 2 InnoDB utfBmbd_general ¢  16.8 KiB

-]

InnoDB  utfBmbd_general ¢i  16.8 KiB

=

InnoDB urf?smbd_gcncml_ci 16.8 KiB

& Empty @ Drop 1 InnaDB utf8mbd general ci 16.8 KiB
& Empty & Drop 1 InnoDB utf8mbd_general ci 16.8 KiB
& Empty @ Drop 1 InnoDB utf8mbd_general_¢i  16.@ kis
i Empty @ Drop 1 InnoDB utfémbd_general ¢ 16.@ kiB
& Empty @ Drop 3 InnoDB utfémbd_general ¢ 16.8 KiE
& Empty @ Drop 1 InnoDB utf8mbd_general ¢ 32.8 KiB
= Empty @ Drop 3 InnoDB utfBmbd_general_¢i  32.8 KkiB
i Empty & Drop 1 InnoDB ulfmbd_general d  32.0 kie
& Empty @ Drop @ InnoDB latin1_swedish_ci 16.9 KiB

Empty & Drop 3 InnoDB utfBmbd_general_ci 16.8 KiB

22 InnoDB utfBmbd_general ci 236.@ Kig o8

Figure 7 MySQL’s database view
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LIMLIR AN HASIL

LOGOUT

Admin

SEARCH

Ketorangan

Figure 8 Database administrator view

4.3.4  Result analysis

This study develops a scholarship information system
design in the form of a prototype that may be used to solve
difficulties at BMU linked to scholarships. Some process
tasks become fewer, and data is kept in a single database
due to the availability of an application prototype.
Furthermore, because diverse access privileges exist, the
stored data has adequate storage security. The system’s
functional needs state is "Fulfilled,” which means that the
system can fulfill all applicable criteria and is available on
the created system. The processes that happened earlier in
each area have been recognized, and the new system may

encounter different methods, process reductions, and
process transfers during the information system
development process. The following are the process
modifications that occur:

College student:

1. The sort of scholarship that will be applied for may be
viewed and used by prospective scholarship winners.

2. Applicants for scholarships can upload a file containing
the conditions that must be satisfied as part of the
scholarship application process.
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3. The timetable of award acceptance events can be
viewed in real-time by prospective scholarship
winners.

4. The amount of available scholarship quotas is visible to
scholarship awardees.

5. Scholarship winners get full access to comprehensive
admission results.

6. Scholarship recipients can make changes to their
profiles.

Administrator:

1. The administrator can process the database of
scholarship receipts.

2. The administrator can update the timetable of
scholarship acceptance activities.

3. The administrator can update scholarship quota
information.

4. The administrator can enter the scholarship admission
written test results.

5. The administrator can enter the scholarship acceptance
announcement.

At the system planning stage, the system request
presents the results of identifying the existing system and
the system that the user expects. Table 2 shows the state of

the system request following the construction of the
information system. It can be observed from the table that
all of the system request's expected indicators have been
satisfied. The RAD (Rapid Application Development)
approach is used to develop systems in phases, and the
prototype created in this research will not be used
(discarded). The new system will be constructed by
revamping the database (physical data design), developing
biological processes, and creating a more user-friendly
interface than the previous one (prototype). In addition, the
design of the system architecture began to be specified.
Furthermore, the architectural system design began to be
explained in greater depth. The database and system
interfaces will be rebuilt and implemented on the live
system.

Compared to previous studies, apart from differences in
the methods used, in this study, the design of the
information system is equipped with an academic
information system and scholarship recipients' activities.
The information system is made from the registration
phase, assessment, announcement of results, academic
progress, activities, and involvement in the coaching
program that is followed, which will be used as an
assessment of scholarship applications in the following
semester.

Table 2 System request after system development

Main Reason Current System

System Request Status

Prospective Data

applicants'

scholarship
data is still
handled manually, and
duplicate  information is
standard when the data is
processed.

Better

Performances data

scholarship participants, such as
scholarship
collection
files, and scholarship recipient
data, is easy to find.

Data  about prospective
scholarship participants, such
as scholarship registration data,
file collecting data
requirements, and the number
of scholarship beneficiaries, is
easily searchable.

about prospective

registration data,
requirements

Scholarship registration
information is still kept in an

Registration
scholarship

information and
requirements files

Registration data and
scholarship requirements files

More
Information

Excel file, registration
criteria are gathered by email,
and scholarship participant
acceptance information is
sent via WhatsApp group.

are maintained on a single server
and may be accessed and
displayed at any time and from
any location. The receipt data can
then be shown in detail.

are all stored on one server and
may be accessed and shown at
any time and from any
location. The receipt data can
then be displayed in detail.

Stronger
Control

Anyone has access to data.

Only authorized parties have
access to data (administrator and
scholarship recipients)

Data can only be accessible by
authorized people when it has
been fulfilled (admin and
scholarship recipients)

Improved
Services

Finding out the number of
scholarship awardees and the
scholarship quota available
requires a significant amount
of effort.

Admins and other interested
parties can have immediate
access to information on the
number of admissions and the
availability ~ of  scholarship
quotas.

When this requirement is met,
information on the number of
admissions and scholarship
quotas can be immediately
available to administrators and
other interested parties.
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5 Conclusions

This research highlights significant differences
between current and ideal business processes at Baitul Mal
Unisba (BMU), particularly in the context of scholarship
management. There are differences in current business
processes compared to logical and physical business
processes constructed when constructing the scholarship
information system at BMU. Some activities may be
removed by creating an information system, making the
scholarship business process more straightforward.
According to a status analysis of system requirements, the
demands of each user are addressed by the information
system that has been constructed. The newly developed
scholarship management information system streamlines
these processes by eliminating redundant activities,
thereby simplifying the overall workflow. This scholarship
information system will fulfill user demands and make it
simpler  for candidates, scholarship  recipients,
administrators, and other stakeholders who want
information about BMU scholarships. Existing data may
be adequately recorded and presented faster, more
accurately, and more precisely, allowing it to be used to
make the best decisions possible.

Looking ahead, the study opens avenues for future
research aimed at enhancing the efficiency and impact of
scholarship distribution. The integration of advanced
technologies like Artificial Intelligence (Al) and Data
Analytics presents an exciting frontier. These technologies
could be employed to refine recipient selection, optimize
decision-making, and forecast scholarship distribution
trends. Such advancements promise to improve resource
allocation efficiency within educational institutions.
Furthermore, the development of sophisticated, secure data
management methods will be pivotal in adapting to
technological progress. The findings from this study lay a
foundation for frameworks that can be adopted by various
educational institutions, potentially revolutionizing
scholarship allocation strategies for broader societal
benefit.
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Abstract: A fishing industry value chain model identifies production, distribution, and marketing stages that enhance the
value of fishery products. It aids in cost breakdown, process optimization, and gaining a competitive advantage. The study
links activities from fresh fish to smoked fish, tracking the entire process to the final consumer and identifying all involved
actors. Quantitative and qualitative methods analyze data, determining production costs, selling prices, added value, and
ratios in each distribution channel. Findings reveal six key players in the smoked fish value chain: fishermen, wholesalers,
traders, processors/IKM, retailers, and consumers. Fishermen, wholesalers, and traders supply raw materials to
processors/SMEs, which act as both producers and distributors. Retailers sell directly to consumers. Significant added
value, exceeding 40%, suggests ample potential for growth in the smoked fish industry. The value chain model holds
implications for fisheries in small islands with abundant natural resources, promoting increased efficiency, business
sustainability, improved quality, social sustainability, enhanced added value, market development, monitoring,
supervision, and strategic planning. Some policy recommendations from this study are expected to create a conducive
environment for business sustainability, improved product quality, and added value in the smoked fish industry, as well
as provide positive benefits to local communities and maintain market order.

1 Introduction continent, making it endowed with abundant marine

The value chain is a practical strategy that aid§sources and fisheries [4]. According to [5], Moluccas
businesses in identifying and connecting with differerftrovince is spread over an area of 46,914.03 square
activities to convert inputs into valuable outputs fokilometers, accounting for 92.4 percent of the ocean's total
consumers. The concept of value chain as presented byt facg and 7.6 percent of the contlngntal area. It includes
demonstrates a comprehensive plan necessary to provied88 islands with a potential reaching 536,112.6 tons,
products or services that align with this idea. This involve€sulting in a production value of approximately IDR
various manufacturing or operational procedured;3,820,522,191,000. . .
distributing products to end-users and managing their In 2019, Ambon City had 30 operating within the
disposal after use. By conducting value chain analysigarine and fisheries industry. The companies included
companies can enhance their understanding of the prodfiesh, frozen, and processed products. Information
value chain, ultimately increasing their competitivenesgertaining to processed fish products in Ambon was
This entails a sequential progression of products throu§Rmpiled through the smoking and freezing method. The
all chain activities, earning value at each stage. Th¥olume of smoked fish production totalled 3,828.32 tons,
Concept is consistent with the perspective [2] that tmhlle frozen flSh .prOdUCtlon amounted to 4,46169 tons.
products accumulate value as they transition betwe&lata from [6] indicates that the current capacity of fresh
participants within the chain. In addition, the value chaifish production in Moluccas is 29,010.53 tons with a
provides greater value than the sum total of its activitieBroduction value of IDR 602,855,500,000. This situation
As such, a value stream represents a fresh method $19gests that there are business development opportunities
creating business models that optimize business potentilithe fisheries sector. However, the fisheries industry that
reduce expenses, and equip the enterprise with sustaifég developed is only a small and medium-scale industry.
high-level competitiveness over the long run [3]. Smoked fish SME is one of the most developed

The Moluccas region Comprises numerous islands aﬁgheries industries in Moluccas. Most Moluccans live in
a larger expanse of oceanic territory than the adjaceiastal areas and earn a livelihood as fishermen, enabling
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them to process a substantial portion of their catchesiadustries, including the Nusaniwe Subdistrict, Sirimau
smoked fish. According to data from [6], the Ambon CitySubdistrict, Baguala Subdistrict, Teluk Ambon Subdistrict,
area which serves as the capital of the province, is homelmihitu Subdistrict, and Tulehu Village, as well as Salahutu
3,820 fishing households in 2021. Research [7,8] h&ubdistrict. The selection of these locations is based on the
revealed that in the Ambon Island region, there are $bundant availability of fishery resources, with a
small and medium-sized enterprises (SMESs) that engagesignificant portion of the population residing in coastal
smoking fish. The long-term sustainability of this smokedreas and relying on the fishing sector for household
fish industry depends on the consistent availability of fisitncome, engaging primarily as small-scale fishermen.
as the main raw material. Therefore, cooperation among The data in this research is derived from a field survey
stakeholders involved in the fish processing industrgonducted from January to June 2023. Respondents in this
including business entities and government entities, $sudy included all parties involved in the smoked fish value
crucial to maintain fish production for smoked fishchain, namely fishermen, SMEs (Small and Medium
processors and consumers. Enterprises) processing smoked fish, large-scale traders,
The value chain concept provides an effective strategiollector traders, and retail traders located in the six regions
tool for analyzing and organizing organizational operatiorsf the clustered points. To gain a more in-depth
[9]. This idea is supported by [10], which suggests thainderstanding of the nodes in the value chain, the survey
value chains are an essential tool for collaborating wilso covers fish landing ports, smoked fish processing
stakeholders, expanding market access, and produchagilities, and several markets on Ambon Island. In-depth
foreign currency. and increasing production in moshterviews were also conducted with stakeholders to
developing countries. Several additional authors, includirmmprehend the production and distribution processes and
[11,12], and [13], have also written about the value chafactors affecting the smoked fish value chain, such as
notion. Diagnosing a business entity's potential requiréishing boat owners, smoked fish SME owners,
knowing if it can provide added value in the future anchanagement of wholesalers and intermediary traders, and
whether it can capitalize on this now [14]. In the field ofelevant government or agencies. Fresh fish production
strategic management, Value Chain Analysis is seen adata from fishermen and smoked fish production data from
fundamental analytical tool. Consequently, its significancemoked fish processors are collected to identify production
should not be underestimated; rather, it needs to belumes and types of fish produced.
continuously enhanced and applied [15]. The collected data is then analyzed to identify added
According to [16], examining the value chain provesalue at each stage of the value chain. The difference
beneficial for a firm in pinpointing bottlenecks. To thrivebetween the product value and input costs, excluding labor
effortlessly in the market, companies must establish aosts is known as value added. The following are the
competitive edge over their counterparts. This analystdmponents of the total value generated by the value chain
aims to overcome inefficiency constraints, includindgl), (2):
unpredictability, reduce wvulnerability, and enhance
adaptability to any changes that may occur. The objective Value added = Total of Revenue - The value
of this study is to assess the effectiveness of the value chain of Intermediate\Level goods ()
in the production of smoked fish. Each distribution point
and marketing channel will be evaluated for added value. Value Added Ratio = (Total Value Added / Product
The policy recommendations resulting from this analysis Selling Price) x 100% 2)
will contribute to efforts aimed at boosting fisheries
processing and marketing on Ambon and other small The results of this study are in the form of several

islands. policy recommendations that can be carried out by the
government and business actors in the smoked fish chain
2 Methodology to create an environment conducive to business

To elucidate the efficiency at each value-added node $#stainability, improved product quality, and added value
the marketing channel, the author employs boti the smoked fish industry, and can provide positive
guantitative and qualitative methods. The quantitatiVeenefits to local communities and maintain market order.
method, using a descriptive approach, is utilized to
illustrate the correlation between inputs and outputs in t® Result and discussion
value chain and to comprehend the impact of changes3rl.  Potential main raw material sources
price variables within the value chain. Meanwhile, the of smoked fish
qualitative method is employed to capture the perceptions The geographical location of Ambon Island, which is
and views of various stakeholders regarding the processggrounded by sea waters, makes it easy for coastal
and interactions within the value chain. It is also used @mmunities living in the area to carry out fishing
visualize how each stage in the value chain igctivities, taking into account seasonal and weather

interconnected. This research is conducted on Ambe@nditions. In addition, Ambon Island is supported by three
Island at the six clustered locations of smoked fish
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Fisheries Management Areas (WPP), namely 714 (Bandastomers. These activities include design, production,
Sea), 715 (Maluku Sea and Seram Island), and 7h&rketing, delivery of products and supporting
(Arafura Sea). This condition provides an advantage fendeavors.The objective key in establishing a value chain
small-scale fishers in Ambon Island, as it opens ug to maximize firm’s revenue while minimizing
opportunities for the development of the capture fisherigsoduction costs. Additionaly, the value chain can raise the
processing industry [17-20]. value or use of the product to be manufactured.

Important information that must be done before Analyzing the value chain involves examining the
analyzing value chain of smoked fish is to know in advaneetivities that contribute to creating value, which can come
the source of raw materials that supply fish to smoked fisftom both internal and external sources within the
producers. Field research indicates that the source of ravganization. The concept of value chain offers a viewpoint
materials for smoked fish is mostly obtained from locabf the company's position in the industry value chain. In
fishermen located at several points in Maluku area, suchaddition, value chain analysis further aids businesses to
Latuhalat, Laha, Tulehu, Waai, Seram and Masohi. Thmetter understand the constituent elements of a product
percentage of fresh fish supply can be seen in Figure 1.within the value chain. The particular value under
consideration is the value that begins with the initial raw
Fish origin area materials and extends to product management after
consumers make a purchase. The company must identify
their position within the value chain of the product. This is

m Latuhala ) N X o
t very important to identify opportunities from the
mlLaha competition. After identifying its position, the company
recognizes the activities that make up the value. These
Tulehu activities are studied to identify whether they provide value
= Waai to the product or not. If the activity provides value, it will

continue to be used and improved to maximize value.
= Lehitu Conversely, if the activity does not provide added value, it
must be elimintaed [21].

Activities involved in producing smoked fish are
categorized into primary activities and secondary activities
in this study. According to [22], primary activities are

) ) concerned with the physical production of goods and final
The areas mentioned above are located in seve@les These activities are grouped into important

regencies and cities, including Ambon City, Centrglaieqories that are critical to increasing the industry’s

Maluku Regency, and West Seram Regency. This is Vep¥| e such as inputs, operations, outputs, marketing and
possible due to the amount of capture fisheries producti@gqies of products, and services. On the other hand

capacity for each district/city is quite large. Data on Captu%‘:‘econdary activities are those that provide support to
fisheries production capacity according to [6] are asimary activities and reinforce each other. They are
follows: Ambon City with 25,343.00 tons, Central MalukUg|assified into four groups: enterprise infrastructure,
Regency with 174,875.50 tons and West Seram Regef{yman resource management, technology development,
with 67,582.80 tons. and procurement. The smoked fish industry on Ambon
Island exhibits these primary and secondary activities in its

3.2 Smoked fish value chain analysis ~ operations as illustarated in Table 1 and Table 2.
A value chain consists of a series of organizational

tasks and processes that aim to increase value for

Figure 1 Source of fresh fish suppliers

Table 1 Primary activities of the value chain system for smoked fish

Primary VaJ_ue Chain Actors

Activities Fishermen Wr?gbﬁe Cﬂfgglg IndustriessSMEs | Retailers | Customers
Arresi \ - - - - -
Storag \ V - - - -
Processin - - - \ - -
Distribution N - \ - \ -
Purchasin - N \ \ \ \
Sale N N N \ \ -
Standardizatio N \ \ \ \ -
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Table 2 Secondary activities of the value chain system for smoked fish

Secondary Activities
Infrastructure Standardization of raw and supporting materials and final prc
Human resources management | The existence ctrainings from related agencies and univers
Technology development Utilize production equipment assistance from the government and
from universitie
Procurement Purchase of raw materials and supporting mat

In general, the chain of smoked fish production on 1) mapping the actors or charting the participants
Ambon Island from procurement of raw to marketing ofvithin the value chain,
final product, involves several processes: 2) mapping the volume or charting the sales quantities
1. Fishermen engage in the fishing process. of each participant throughout the value chain,
2. Fishermen themselves store their catch, while some of 3) mapping the value or charting the product values at
it is transferred to larger traders equipped with coldarious stages of the value chain,
storage facilities to prevent spoilage. 4) mapping the relative cost of processing or charting
3. The fishermen's catches are directly sold to majone precentage of expenses accured by each participant
traders, intermediary traders, and small and mediumithin the value chain,

enterprises that process smoked fish. 5) mapping information and knowledge transfer or
4. The smoked fish products processed by SMEs are soltarting the flow of information and technology transfer.
to both retailers and consumers. Mapping the smoked fish value chain on Ambon Island
is as follows:
3.3 Valuechain mapping of the smoked fish 1. Actors mapping
industry The process of mapping actors (Figure 2) aims to

Mapping the value chain is a critical aspect ofletermine the different entities involved in a value chain.
conducting value chain analysis, with the aim of\ value chain's actors typically begin with producers and
identifying the value chain actors who provide the mogtrogress through middlemen to end customers. However,
value. This aligns with the notion presented in [23] whicH€ actors can be expanded to include companies that
suggests that the primary goal of value chain mapping is3¥8PPly inputs to producers as well as producers themselves.

recognize product flows and value chain actors. Participants in the smoked fish value chain comprise of
When conducting value chain mapping, it is importarfishermen, wholesale traders, collecting traders, small to
to follow five fundamental principles: medium-sized industries, retailers, and consumers. Refer to

the figure below for a visualization of these actors.

m S - Consumers
Ty e 2D
erm Consumers

Traders
ks “ Consumers

Tiadis -D Consumers
Wholesale ' Collecting
Traders i : ‘ Consumers
Wholesale -
e L) YD FEE) covsirmen

Figure 2 Mapping the actorsin the value chain for smoked fish

2. Volume mapping extremely important for determining commaodity flows and
Volume mapping is utilized to map each actor's salesles share along the value chain.
volume along the value chain. Volume mapping is The sales volume mapping for smoked fish on Ambon
Island is depicted in the following figure (Figure 3).
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> »
—)—{ 9% 100%4
41% f L) A A

Retailers

B
>

Figure 3 Sales volume mapping within the value chain for smoked fish

The volume of fish in each chain shows the averagmllecting traders level during extreme weather conditions.
percentage of fish volume from each actor to the intendéthder such conditions, fishermen's catches are minimal
actor. Data from fishermen in six areas on Ambon Islarehd limited, making it difficult for SMEs to obtain fresh
revealed that on average 41% of their catch was sdidh, leading to higher fish prices. This scarcity usually
directly to SMEs, 32% to large traders, and the remainiragcurs during the lean season from June to September.
27% to intermediary traders. SMEs that directly buy fresB. Value mapping
fish from fishermen are located in coastal areas or near the Value mapping detemines the expenses of each player
beach or close to fish landing ports, such as in Latuhalat, a value chain. Value mapping is used to see the price
Nusaniwe, Laha, Teluk Ambon, Leihitu, and Tulehueceived by every actor along the value chain and also to
villages. Meanwhile, SME groups in the other two regionisnow the total cost.
obtained fresh fish raw materials through intermediary In the value chain for smoked fish on Ambon Island,
traders and wholesalers. SMEs that chose to purchase the costs incurred by each actor tend to be constant, but the
materials from collecting traders did so because they wesece received by each actor is different for each marketing
unable to purchase directly from fishermen, while SMEshannel. Figure 4 shows the costs incurred and prices
that purchased raw materials from wholesalers faceeceived by each participant per kilogram within the value
difficulties in obtaining fresh fish at the fishermen orchain specific for smoked fish.

'
: ;

Cost IDR 3.800 IDR 15.902 : IDR 25.000
Price IDR 10.000 H IDR 25.000 '
:-
Cost IDFI 3.800 H IDR 19.167 h IDR 28.902
Price  IDR 12.500 ' IDR 23.000 H IDR 38.000
) M-
Cost IDR 3.800 - IDR 20.976 H IDR 30.502
Price  IDR 17.000 H IDR 25.000 ' IDR 40.000
--
Cost IDR 3.800 . IDR 15.502 ' IDR 30.000 : IDR 40.000
Price IDR 10.000 : IDR 25.000 . IDR 40.000

.' {5 ¥, .
.

Cost IDRB 800 IDR 19.167 H IDR 28.902 [ IDR 43.000 H IDR 53.000
Price IDR 12.500 ; IDR 23.000 : DR 38.000 i IDR 53.000
o M W
Cost IDR 3.800 IDR 20.976 ; IDR 30.902 \___IDR 45.000 IDR 55.000
Price IDR 17.000 IDR 25.000 ' IDR 40.000 ' IDR 55.000
| >> e >5--""‘"‘“
Cost IDR 3.800 : IDR 20.976 : IDR 26.167 i IDR 40.902 ' __IDR 50.000
Price IDR 17.000 IDR 25.000 : IDR 35.000 o IDR 50.000 '
Db D —
Cost IDR 3.800 IDR 20.976 1 IDR 26.167 : IDR 40.902 : IDR.55.000 » _IDR 65.000
Price IDR 17.000 : IDR 25.000 i IDR 35.000 F IDR 40000 s IDR 65.000 H

Figure 4 Value mapping in the value chain for smoked fish
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In the figure above, the cost components incurred by
each actor per kg of product can be explained as follows:
» Costs for Fishermen include the average sum of the
costs of fuel, fishing gear, transportation,
preservation of catches, and fishermen's supplies

Costs to SMEs include the sum of average
production costs and the purchase price of fresh
fish.

Costs to Retailers include the average sum of
operational costs and the purchase price of smoked

while at sea. fish products from SMEs.

 Costs for Wholesalers include the averagd. Mapping the relative cost of processing
summation of the cost of block ice, other production Mapping relative cost of processing is used to examine
costs, and the purchase price of fresh fish frorhe costs that are incurred as a result of improving the
fishermen. efficiency of each participant within the value chain.

» Costs for Collecting Traders include the average Mapping the relative cost of processing on the smoked
sum of block ice costs, transportation costs, othdish value chain can be seen in the image below.
costs such as retribution fees, security fees, etc., and
the purchase price of fresh fish.

Fisherman > Wholesale
) Traders ! !
: L} L L}
Fuel 5132% | IlceCube  2,75% ! lce Cube 181% ! Production 37,12% ! Operational 16,67%
Fishing equipment 9.21% | Others  16,21% | Transportation 1,45% | FishPrice  62,88% | FishPrice  83,33%
Transportation ~ 26,32% ! Fish Price 81,05% i Others 1,81% | i
Preservatives 2,63% , E Fish Price 78,26% E E
Provisions 10,53% |

Figure 5. Relative cost of processing mapping in the value chain for smoked fish

The figure 5 illustrates the average percentage of cdstld by each actor possesses in relation to the commodities
components incurred by each respondent, namalythe value chain.
fishermen, wholesalers, collectors, SMEs, and retailers in In this value chain for smoked fish, each actor's
the six regions selected as research sites. The total costkdoowledge is limited primarily tthe weather, the price of
each actor is 100%. fish and the type of fish available, which are heavily
5. Mapping information and knowledge transfer affected by natural conditions or weather, as illustrated in
Mapping information and knowledge transfer ighe table below.
valuable for understanding the information and knowledge

Wholesale
Traders

Weather: good Weather: good . Weather: good Weather: good Weather: good iWeather: good

Fish Price: cheap ! Fish Price: cheap i Fish Price: cheap | Fish Price: cheap ! Fish Price: cheap 1 Fish Price: cheap
Weather: bad Weather: bad | Weather: bad | Weather: bad : Weather: bad | Weather: bad

Fish Price: expensive | Fish Price: expensive | Fish Price: expensive | Fish Price: expensive | Fish Price: expensive | Fish Price: expensive

Fish Type: Skipjack Tuna iFish Type: Skipjack Tunai Fish Type: Skipjack Tuné Fish Type: Skipjack Tuna ' Fish Type: Skipjack Ig_n_a‘i\F_is_h Type: Skipjack Tuna

Figure 6 Information and knowledge transfer mapping in the value chain for smoked fish

In the figure above (Figure 6), information on weathepaper is limited to one type, namely skipjack. On the other
conditions and fish prices is critical for busines$iand, if fishers communicate that their catch is skipjack,
stakeholders. For SMEs, good weather conditiorthen all stakeholders in the value chain, including
generally result in stable prices for fresh fish raw materialsonsumers, can anticipate the costs they will incur, given
However, poor weather conditions can have a significatitat skipjack is generally more expensive than other types
impact on the difficulty and high price of fresh fish in theof fish.
market. Therefore, SMEs can strategize accordingly in
their production process. Regarding the type of fish, this
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3.4 Valueadded analysis observing the disparity between the overall output value
The value-added concept is value-added analysis whighd the input value of an industry. Thus, value added is the
begins from the procurement of raw materials through @ap between the sales costs and the expenses incurred for
the completion of the final product. This conceptaw materials and the purchase of supporting materials. By
emphasizes the addition of product value during trgliminating non-value-added costs, a company can focus
process within the company. This also means that valits attention on aspects that truly contribute value to the
added analysis is a process to identify the percentageduct.
increase in the value of a product that has gone through Based on cost data and fish prices in the value chain of
post-harvest handling (processing) or transformation intosnoked fish, value added by calculating the selling price of
new product at each stage of the marketing channel. ~ products in each chain and the expenditure on raw
The meaning of value added is the difference betwe#materials, indirect costs and overhead costs included in the
the total revenue received by a company or industry frotatal cost of goods produced. Meanwhile, the value-added
the sale of its output and the costs incurred for ravatio is calculated by taking the value added per product
materials, components, or services purchased to prodw#put value and multiplying it by 100% as shown in the
those components. Value added can be identified kgbles below.

Table 3 Value-added marketing channel

Marketing | Number Production|  Product | ¢\ e | Value-

Channel | of Actors Cost Sellmg .| Added (IDR) Aqded :
(IDR) Price (IDR Ratio (%

1 3 9.70:z 25.00( 15.29¢ 61,1¢

2 4 16.36: 38.00( 21.63: 56,9:

3 4 13.67¢ 40.00( 26.32. 65,81

4 4 14.70: 40.00( 25.29¢ 63,2¢

5 5 21.36: 53.00( 31.63: 59,6¢

6 5 18.67¢ 55.00( 36.32: 66,04

7 5 14.84¢ 50.00( 35.15¢ 70,31

8 6 19.84¢ 65.00( 45.15!¢ 69,4

The table above (Table 3) indicates that the longer tlkensumption or utilization., recycling, or reuse [25].
marketing chain, the more smoked fish product’'s addé®timary activities and secondary activities are the two
value. However, after further analysis, it turns out that thgpes of activities. Secondary activities are those that
added value does not affect the quality of the product bEhhance value independently or through core operations
occurs because of the additional costs incurred by thed additional support functions [26]. Primary activities
actors involved in the marketing channel. A significanbave a direct impact on product or service development,
increase in added value with an increase in the selling pricastomer distribution, and post-sales service provision.
of smoked fish. However, the largest marketing margin is In contrast to previous decades where companies
found in marketing channel 7 at 70.31% with an addedhlued independence, the next decade will be filled with
value of IDR 35,155. This added value is said to beusiness alliances across competing value chains across the
efficient because all costs incurred are fully utilized tboard. The value chains of companies as business alliance
provide added value to the fish product from fresh fish tpartners will compete fiercely as a unit for customers. This
smoked fish. This has an impact on the selling price, whietill also happen within the context of smoked fish
is quite high at the end consumer level. On the other hamaidustry. All actors within the value chain will compete to
the value-added ratio shows a high value because th@vide the best service through the products and services
average is above 40%. This aligns with [24] opinion ooffered to attract as many customers as possible. One
value-added ratio indicators, that if the value-added ratgtrategy that can be used is to reduce production costs as
falls below 15%, it is categorized as low. If the proportiomell as other less important costs, such as food and drink
of added value falls between 15% and 40%, it is consideredsts and transportation costs. On the other hand, small and
moderate. When the ratio of added value surpasses 409né@dium-sized smoked fish industries as processors can

is categorized as high. also develop their products, for example by using liquid
smoke and more aesthetic packaging. According to [27],
3.5 Implications of utilizing the value chain the competitive strength of Small and Medium-sized

model for fisheriesindustry in small isands Enterprises (SMEs) can be improved through the creation
Porter's value chain model comprises tasks that 04 exceptional local products oriented towards resource

company must execute to take a product or service from #8d environmental conservation; the development should
initial development stage all the way to its fina€Xclusively encompass products crafted from local raw
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materials and distinctive regional characteristics, witfihis planning involves a better understanding of market

development facilitated by the local communities. trends and challenges faced by the fishing sector. The
Ambon Island as a small island also has abundastrategy's effectiveness hinges on the suitability of

potential for natural resources in the fisheries sector asttategies employed within the fisheries sector to adapt to

local smoked fish products exhibits unique characterist&volving environmental conditions and the intensity of

which should receive attention to be developed. THausiness competition [33].

smoked fish value chain model formed on Ambon Island

can be applied to the fisheries industry on small islands thit  Conclusion

also have abundant natural resources in the fisheries sectorThe outcomes of this research concluded that the

Furthermore, the utilization of the value chain model foparticipants engaged within the value chain for smoked fish
the fisheries industry has several important implicationgyy the island of Ambon are: fishermen, wholesalers,
including increased efficiency, business sustainabilityntermediary traders, industries/SMEs, retailers and
improved quality, social sustainability, increased addeghbnsumers. The relationship created between each actor is
value, market development, monitoring and supervisiofhat fishermen, wholesalers and small traders act as
and strategic planning. suppliers who provide fish raw materials for SMEs/smoked

Value chain models assist in pinpointing zones whefgsh processing industries. In this case, the SMEs act as
enhancements in efficiency are possible, both in the fishgsyoducers, as well as distributors who supply products to
process itself, and in the management and distribution ®fe market and retailers who sell products to end
fishery products. This can increase productivity angonsumers. Meanwhile, retailers are entities that sell
profitability. By optimizing activities with the highest products directly to consumers. The final link in the
added value, companies can manage production costs Mgguence is the consumer who uses the product and
efficiently [28]. This allows stakeholders to betterinfluences demand and preferences in this value chain.
understand the environmental impacts of fishing activities. Based on the calculation results between the output
With this information, strategic steps can be taken to ensujgiue of smoked fish and the input value of fresh or frozen
sustainable fishing practices. Incorporating sustainabfigh raw materials, at each node of the participants within
practices into the value chain will increase added valugye chain, the value-added analysis shows that all
market accessibility and local economic development [2%;stribution channels have a high value-added ratio

Value chain models can help improve quality contrabecause it is >40%. This means that all marketing channels
along the entire production chain. This is important tAave the potential to enhancing the value addition within
ensure that fishery products meet food safety and qualitye smoked fish industry.
standards required for export or local consumption. In The implications of the value chain model for the
addition, in order to maintain the quality of fisheryfisheries industry in small islands, which also have
products and support government policies in the fisfientiful natural resources within the fisheries sector,
consumption improvement program, It Is necessary {fclude: increased efficiency, business sustainability,
involve the role of the logistics industry as an importaniproved product quality, social sustainability for the
part of the fishery product/commodity distribution processommunity, increased added value, market development,
[30]. This model also aids in identifying how the fisheriestrict monitoring and supervision, and careful strategic
industry can provide greater social benefits to the locglanning for business sustainability.
community. This includes increased income, job creation, This study recommends several strategic policies to
and empowerment of the local community. There is add@#prove efficiency, business sustainability, product
value and utility from every development implementequality, positive social impact, added value, market
[31]. With an improved comprehension of the value chaigievelopment, strict supervision, and strategic planning that
it will be possible to exploit opportunities to increase addeghn be taken by the government and businesses in the
value in fisheries production, such as processing amghoked fish industry chain as follows:
increasing  derivative  products through  product |mplement training programs for businesses in the
diversification. This is also in line with the opinion of [32]  gmoked fish industry to improve skills in fish
that processing fishery products is very important for nrocessing and preservation and focus on technological
increasing product diversification and in creating added ynovation and environmentally friendly production
value. _ o methods.

Value chain models can help identify new marke} get high quality standards for smoked fish and enforce
developments or opportunities. They can also help gyict certification, then encourage businesses to

diversify the marketing of fishery products and reduce the comply with these standards to improve product
risk of dependence on a single market. Value chain models competitiveness in the market.

enable better monitoring and surveillance of the entire
production chain, which can help detect illegal practices.
In addition, value chain models contribute to long-term
strategic planning for the fishing industry in small islands.

Develop empowerment programs for local
communities involved in the smoked fish supply chain
and ensure community participation in business
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activities by providing equitable and sustainable Available: https://maluku.bps.go.id/ [24 Jul 2023],
benefits. 2023. (Original in Indonesian).

» Provide tax incentives to businesses that implemel@t] Badan Pusat Statistik Kota Ambn, Kota Ambon Dalam
sustainable and environmentally friendly practices and Angka, Ambon, Maluku, [Online], Available:
consider subsidies for investments in modern https://maluku.bps.go.id/ [24 Jul 2023], 2023.
technologies that can improve efficiency. (Original in Indonesian).

+ Support active promotion of smoked fish products ] KAKERISSA, AL, HAHURY, H.D.,
domestic and international markets, and conduct LOUHENAPESSY, F.H.: Potential of Smoked Fish
market research to identify new opportunities and Industrial Cluster in the Islands Aredcta logistica,
support product diversification. Vol. 9, No. 4, pp. 457-466, 2022.

« Enhance supervision and monitoring of the entire https:// doi.org/10.22306/al.v9i4.347
smoked fish supply chain to ensure compliance wit [9] FRIEDRICHSEN, MIKE, MUHL-BENNINGHAUS
applicable regulations and standards and apply strict W.: (ed.) Handbook of Social Media Management:
sanctions for violations that could harm the ValueChainand Business Modelsin Changing Media
sustainability of the industry. Markets, Berlin/Heidelberg, Springer, 2013.

« Engage stakeholders in strategic planning for tHéd0] BANDASON, W., PARWADA, C., MUSHUNJE,
smoked fish industry and facilitate collaboration  A.: Macadamia nuts (Macadamia intergrifolia) value
between government, businesses and research chain and _techn!cal efficiency among the small-scale
institutions to improve innovation and efficiency. farmers in  Zimbabwe, Research on World

Agricultural Economy, Vol. 3, No. 4, pp. 25-35, 2022.
By implementing these measures, it is anticipated that _ http:/dx.doi.org/10.36956/rwae.v3i4.700 _

an environment conducive to sustainable businefsl] KIM, M., CHAI, S.: The Impact Of Supplier

practices, improved product quality, and value addition Innovativeness, Information Sharing And Strategic

within the smoked fish industry will be created.  Sourcing Onimproving Supply Chain Agility: Global

Additionally, these policies aim to provide positive  Supply Chain Perspectivénternational Journal of

benefits to local communities and maintain market order ~ Production Economics, Vol. 187, pp. 42-52, 2017.

through strict monitoring and oversight. https://doi.org/10.1016/j.ijpe.2017.02.007
[12] MISSIMER, M., ROBERT, K.H., BROMAN, G.: A
Acknowledgement Strategic Approach To Social Sustainability—Part 2:

Gratitude is extended to all stakeholders and smoked fish A Principle-Based DefinitionJournal of Cleaner
consumers for their cooperation in distributing the  Production, Vol. 140, No. 1, pp. 45-52, 2017.
questionnaires. Furthermore, this study would not have https://doi. org/10.1016/}.jclepro.2016.04.059
been successful without the valuable informatiohl3] KALMYKOVA, Y., SADAGOPAN, M., ROSADO,

contributed by the individuals who responded to the L.: Circular Economy - From Review of Theories and

questionnaires. Thanks to all for their support. Practices to Development of Implementation Tools,
Resources, Conservation and Recycling, Vol. 135,
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Abstract: Previous research based on the Relational View has four major issues. The first issue is the need to stabilise
relational rent in the long-term collaboration which can be addressed through involving management commitment. The
second issue is the absence of implementations of non-financial relational rent such as innovation performance. The third
issue is a significant fact that the research has not been conducted in crisis situations, where companies face limited
resources and require both agility and innovation for survival. The fourth issue pertains to the absence of implementations
regarding non-financial relational rent, such as innovation performance. To bridge this gap, in consideration of existing
literature, this research is required to formulate a theoretical model that involves supplier collaboration, operational
agility, management commitment, innovation performance, and the calculation on the effect of the relationship. This
research applies structural equation modelling as an analysis tool with the support of AMOS software. The participants
are leaders of tour operator companies based in Central Java Province and the Special Region of Yogyakarta, both are the
major tourism destinations in Indonesia. Analysing 198 observations, the results demonstrate a positive impact of supplier
collaboration on both operational agility and innovation performance. Management commitment has been demonstrated
to moderate the impact of collaboration on innovation performance. This research encourages leaders of tour operator
companies to engage in collaborations with their suppliers to achieve operational agility and improve innovation
performance, particularly in facing the conditions caused by the Covid-19 pandemic.

1 Introduction tourist trips with a maximum visit time of 4 days, and 72%

The Covid-19 pandemic from 2019 to 2022 ha§hose safe tourist destinations, especially from Covid-19
significantly affected the economy and seriouslyransmission[2]. _ _
contributed  substantial changes in the business In order to align with evolving consumer expectations
environment, even resulting in a crisis. This crisis is clearlyithin limited resources, businesses must engage in
reported in the contraction of Indonesia’s economic grow@@llaborative efforts [3], so that tour operators can redesign
in 2020 to -2.07% from the average of the previous fivdour packages and provide unique experiences. In
year period at the 5% level. Tourism, contributing 4% taddressing the challenges caused by the Covid-19 crisis,
Indonesia’s GDP, is experiencing the most significariompanies are required to enhance their capacity for both
impact. Tour operators encountered significant conditionBerceptive awareness and effective response. Perceptive
as during the pandemic they were going througwareness involves the company's consciousness of a
challenging times in business and leading to serio@éisis, while effective response denotes the company's
financial conditions. The tourism sector met significarroficiency in undertaking appropriate actions during and
changes post-pandemic, such as a shifted towards domeftiowing a crisis. Throughout this period, the company
tourists and an increased reliance on online reservatigfquired valuable insights, experienced transformative
service [1]. On the other hands, companies were also facffignges, and ultimately achieved substantive acceleration
evolving consumer expectations, which 52% of tourist® effectively address the crisis. Following the uncertainty
chose domestic tourist destinations, 66% chose natuP@st-Covid-19, companies must consistently engage in the

tourist attractions as tourist destinations, 56% chose shBfPcesses of sensing and responding, as well as applying
adaptability for continuous adjustments. Companies with
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significant flexibility in changing product variety andoperational agility, innovation performance, and

volume proved to have the are said to have agility [4]. management commitment within the relational view
A theory that is relevant to explain the flow offramework. Secondly,we developed and formulated

information, knowledge, and resources in companlyypotheses and empirically validated it applying structural

collaboration is the Relational View (RV). RV explainsequation modelling. Following this, we presented

that the resources a company requires to achieve a gdalcussions and drew conclusions, which contained the

may be available outside the company, yet they can not theoretical and managerial implications of this research.

obtained in the secondary market. These resources are

strategically located within a collaborative network? L iteraturereview

founded on the principle of resource compatibility among 1  Rdational view

participating companies. This synergy leads to the | order o attain competitive advantage, it is significant
generation of supernormal profits, commonly referred 3§y 5 company to acquire resources that may be owned by
relational rents [5]. Relational rents can manifest in botfternal parties in its business environment. Based on this,
financial and non-.fm.anmal forms. We address njultlplﬁ1 gaining success to acquire access to these resources,
research gaps within the scope of RV, creating th&mpanies must engage in strategic collaborations, for
uniqueness of th!s research. First, the principal issue '”_Fé\ﬁample by applying partnerships with business entities,
research is considered caused by the absence of relatigR@sumers. and academic institutions. The theory
rents over the course of extended collaborations, due d@yeloped based on this assumption is the Relational View
opportunistic behaviours exhibited among participatingR\/y [4]. Companies engaged in collaboration acquire
companies [6]. We address this main issue by including,nernormal profits that are unattainable outside the
management commitment, given its integral role as @jahorative network, or referred to as relational rent.
integrator in aligning and ~harmonising organizationgke|ational rent is generated by four key factors: significant
elements and upholding the enforcement of designatglesiment in relationship-specific assets, substantial
policies [7]. The purpose is to strengthen the influence phoyledge exchange, the sufficient combination of
antecedents on relational rents. The integration @bmplementary, but scarce, resources or capabilities, and
management commitment in the RV research has not bggfbctive governance mechanisni§]. Relationship-
implemented in previous studies. Second, considering t8gecific assets include visible or tangible assets (eg.
post-COVID-19 pandemic scenario, we discovered that thg|aboration locations, and production facilities) and
ap_p_llcanon of collaborative resources forr_n; operatlonﬁqtangime assets (eg. knowledge and work processes)
agility [8] through knowledge acquisition, joint researchorming certain capabilities due to reciprocal relationships
and development. The integration of operational agility iBetween collaborating companies. Substantial knowledge
RV research has not been carried out much in previoggchange involves a routine and regular sharing of
studies. Third, we recognize no significance  iRtormation that results in the developing of superior and
implementing non-financial relational rents [9] which ingpecialised knowledge in collaborative networks. The
the context of this research refers to innovatiogompination of complementary, but scarce, resources or
performance. High innovation performance is required byypapiities creates unique collaborative resources that are
companies experiencing environmental changes due to i available in the secondary market. The nature of this
Covid-19 pandemic and enabling them to maintaipasoyrce proves challenging to emulate, with no viable
business sustainability. Fourth, majority of RV researcl,pstitutes  available.  The governance  structure
has traditionally been conducted in the manufacturingemonstrates a high level of efficiency and adaptability in
industry. Hence, our study seeks to assist researchers,fdordance  with  the company's requirements for
enhancing their comprehension of how a collaborativg|japoration. This process has shown the possibility in

network can sustain relational rents in the service seCtfwering monitoring costs while preventing opportunistic
namely hospitality industry. This research was conduct%mpany-s collaborative behaviour.

in the tourism sector of Central Java Province and the
Special Region of Yogyakarta, which collectively accounts Supplier collaboration

for _}_?]/0 of tourlsmh VISIts in tlndondedsm. | Supplier collaboration involves the process of two or
IS research ams 10 address severa resear%re independent companies collaboratively coordinating

questions, those are: (1) To what extent can SUPPlgS ¢ nirol and optimise supply chains to meet shared

collaboration improve operational agility and 'nnovat'qrbbjectives and mutual benefits [10]. Trust and sharing risks

performance? (2) To what extent do operational agility,o s an important factor in supplier collaboration [11].

improve innovation performance? (3) To what degree dogs, , jjier collaboration includes various aspects such as the
management commitment strengthen the impact Management of interdependence of operations, products,
supplier collaboration on innovation performance? Thi rocesses, designs, marketing efforts, and purchasing
research is structured into distinct sections. Initially, wj lanning or projec:cions. This proces’s also includes

conduc_ted a compr_ehen_swe review on existing I|teratur§ rmulating strategic decision-making between supply
determine the relationship between supplier collaboration,
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chain members [12], and can result in integration .4 Operational agility
cooperation between participating companies to implement Operational agility refers to part of organisational
effective supply chain planning and operations. Wagility indicating the company's adaptability and
concluded that supplier collaboration is a cooperation witicceleration in recalibrating business processes to dynamic
suppliers across research, design, and production stageeriironmental demands. Operational agility also reflects
order to effectively utilise shared resources and knowledgee ability of a company's business processes to swiftly,
sustainably. This process also covers sharing risks, peecisely, and efficiently exploit opportunities for
achieve mutual benefits. innovation and enhancement of competitiveness.
The dimensions of supplier collaboration have beeDperational agility allows companies to modify existing
established and mature and extensively applied in previopicesses and establish a new one to exploit dynamic
research, including the following : sharing knowledgemarket environmental conditions effectively [18]. This
aligning goals, aligning decision-making, aligninginvolves a company's ability to effectively response to
incentives, sharing resources, implementing collaboratiwhanges in competition, organise technical resources, as
communication, and creating joint knowledge [13]. In thigvell as align managerial processes [19]. Operational agility
present study, the indicators applied to measure suppliglows companies to respond promptly and effectively
collaboration are companies sharing information an@wards uncertainty in consumer and market demand.
knowledge with suppliers, aligning goals with suppliersCompanies facilitate redesigning processes and quickly
sharing resources with suppliers, and implementingnplementing improvised products and service parameters

collaborative communication. , as well as providing alternative products and services
[20]. Operational agility also includes the ability to adjust
2.3 Management commitment product volume and variety [21], and ultimately contribute

Management commitment refers to the ability obignificant impact to organizational performance. The
company management to direct and organise all itmplementation of operational agility can be observed from
employees to specified goals [14]. Additionallythe speed of finalyzing decisions to modify products (eg.
management commitment is also characterised as fleatures and packaging), the flexibility to add product
behaviour of company management, that includesriations; and adjust product prices.
involvement, influence, leadership, and support from
senior management in a company's activities to achieges  Innovation performance
specific objectives [15]. Management commitment can |nnovation performance indicates the creation of new
also be defined as pressure from high-ranking executivegducts and services and the revegemerated from these
on all company employees to develop the organizatioprocesses [22]. Innovation performance can be deiived
This influence is accompanied by the involvement anghe proportion of revenue from the salesiefv products,
support of high-position holders to attain a determinesks well as products with enhanced features [23]. Innovation
objective [16]. We concluded that Managemenperformance also involves the product innovation
commitment is the specific action of high-ranking officialperspective and refers to the speed timeliness needed
of management in providing the resources and policiéi$ introducing innovative products to the market [24]. It is
required to achieve specified objectives, as well as activedgsessed by the quantiinew services in a specifieriod
contributing as team players along side all members of theéd shown by the ratio of new product sales value to
company. accumulation of company reven[#5]. In conclusion, in

Management commitment is assessed by variousis research, we define that innovation performance is a
dimensions identified in previous literature. The firstisible achievement from the implementation of fresh ideas
dimension includes several indicators, including implementedin the number of new products or product
availability of sufficient budget and facilities (software andiifferentiation. It also refers to the introduction of newly
hardware), initiatives to motivate employees developmenfeveloped products to the market, and the proportion of
availability of required training, especially in the field ofsales value of developed products compared to the total
product development, and managing feedback fro@bmpany’s revenue.
consumers. The second dimension includes various
parameters, such as compensation adjustments for saleg gf Hypotheses devel opment

new products and for employees who successfully acquire Supplier collaboration benefits companies in increasing
new customers. The third dimension relates tgperational agility. First of all, intensive and effective
management as an integrator function, including theéxchange of communication in a collaboration accelerates
socialization of company strategies and targetge flow of information. This process enables companies
involvement of management in product development anrghd suppliers to share valuakteowledge [26] in order to
marketing, as well as periodic joint evaluation of produGppropriately and effectivelyrovide the efficient amount
performance [17]. and type of material, volume, and time of supply, according
to new products or improvements criteri&s recent
products. Supply chain modificati@onsists of preparing
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the materials required, new technologies, produainovation performance [31]. This process provides a
components, and production processes [27]. Suppligignificant contribution for the creation of new products
collaboration results in the formation of supplyand services, by implementing creative and unique
flexibility [28]. Collaborationguarantees effective flow of ideas [32]. Innovation performance requires accelerated
information and knowledge to provide a responsive suppction punctuality in the context of distributing innovative
network. This process allows the company to perforproducts to the market. This process is supported by
responsive adjustment to coordindibe supply with the operational agility in allowing the enhanced
production requirement. When a company performs amplementation of new processes. This process will be
adaptation process, the supply network is required implemented quickly, precisely, and efficiently in a
formulateadjustments including modifying the amount ofcontinuous method in the production structure and process.
capacity inresponse to surge in demand, or implementinghe modification accelerates its possibility to result in
process changes in response to disruption. SuppliEgher revenue from new products launched. Operational
collaboration not only enhancespply flexibility but also agility also accelerates the distribution of new products to
acceleratessupply networks to applynew production the market and increases product variety. Innovation
methods, product development, new  produgberformance appears on the speed in distributing the new
diversification, and changes in the company's businegsducts to penetrate the market, the variety of new product
processes. We have reached the conclusion that suppiiea certain period, and the profit level of new products.
collaboration positively impacts operational agility Subsequently, operational agility indicates a solid form of
(hypotheses 1). positive impact towards innovation performance
(hypotheses 3).
Suppliers play a significant part in providing resources
required by companies to develop products according to Management commitment is an essential factor to
market needs. Supplier collaboration significantlyncrease innovation performance, particularly in
accelerates a company's innovation performance througstablishing stronger impact of supplier collaboration on
access to essential materials, information about market as@wmpany’s  innovation  performance. Management
competitor strategies. Further optimization is establishe@bmmitment enhances the collaborative synergy between
when the extensive network is formed to provide morihe company's work processes, resource configuration, and
expansive accessibility and opportunity to utilise sucprovides the means to implement innovation and create
resources. Additionally, suppliers are able to contributeew products. As a main and dominant part, company
technology and financial resources to be synergisticalimanagement determines various regulations and
utilised [29]. Knowledge transfer in supplier collaborationmplements resource planning, as well as establishing
holds essential and potential contributibd enhance cooperation to achieve specified targets [33]. Management
innovation performance [22]. Supplier collaboratiorcommitment not only strengthens the learning process but
positively impacts quality performances, productlso accelerates the implementation of new ideas [34]. In
innovation, and flexibility in addressing the market needserms of highlighting the crucial need to increase the
Furthermore, supplier collaboration providesignificant influence of supplier collaboration on innovation
and positive impaain sustainable innovation performanceperformance, management commitment focuses on
[30]. Literaturerefers to the fact that the application ofemphasising the need to increase the company's flexibility
collaboration with suppliers provides companieso adapt to environmental changes. Several major points
knowledge and information to develop their productaligned by the company management, include modification
following evolving market expectations. This process naif company strategy, the application of good governance,
only accelerates the production of new items but algsbe speed of decision-making, the adjustment of business
streamlines the decision-making process. In conclusiosystems, control systems, incentives, human resource
supplier collaboration demonstrates a positive impact gnanagement, and product development [35]. Management
innovation performancghypotheses 2). commitment has consistently provided positive support to
influence  supplier collaboration on innovation
Operational agility refers to a company's proficiency performance. First, the company is able to provide
in directing flexibility and speed of adaptation in businesadjustments between the process of creating new products
processes. Companies are able to modify current procesaed alignment with the availability of supplies from its
or formulate new processes and enhance innovatisaoppliers. Second, both companies in collaboration
performance. The efficient and swift allocation ofestablish faster methods to result in efficient decision-
resources in context of specific requirements are the benefiaking in circumstances where sudden modification on
for this process. The application of any modification iproduct creation process or supply combination is required.
operational agility includes product variety and volumeThird, management actively encourages employees to
that subsequently will affect the product features and prieequire new methods in product innovations which are
changes. Flexibility implemented in production processgdanned together with suppliers. In conclusion,
and methods contribute significantly to improvemanagement commitment significantly increases the
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influence of supplier collaboration on innovation

performanceghypotheses 4). 3.1 Sampleand data collection
According to data from the Indonesian Central Bureau
3 Methodology of Statistics, there are 1,238 tour operators in Central Java

We use the quantitative inquiry to verify the developeBrovince and the Special Region of Yogyakarta,with 652
hypotheses and address the research questions. The unitffahem in Central Java Province and 587 units in the
analysis was an organisation, referring to tour operators$pecial Region of Yogyakarta. This research sample
Central Java Province and the Special Region &cused on 284 units tour operators registered with
Yogyakarta. The respondents for this research wefssociation of the Indonesian Tours and Travel Agencies/
directors or top leaders of tour operator companies. Hea®8ITA. The target number of responses was 200 sets and
of the branch or subsidiary are included to correspond foy estimating a response rate of 75%, the total number of
several branch-type companies. The research instrum@ngestionnaires sent was 267 sets. The sampling technique
applied was a survey questionnaire and distributed usiagplied for this research is proportionate stratified random
google forms. Following the data collection, we conduct asampling which includes grouping the population based on
analysis on structural equation modelling using AMOS far criterion. The total number of questionnaires distributed
hypothesis testing and calculate the effect. We targetedn be seen in Table 1.

200 sets of responses to be able to implement AMOS [36].

Table 1 Questionnaire distribution

. Areas Number of Proportion (%) Number of
Provinces X X
members questionnaires

Semarang ar 60 21.1: 56

Kedu aret 5 1.7¢ 5

Central Java Pati are 18 6.34 17
132 units Pekalongan ar: 7 2.4¢€ 7
Banyumas are 18 6.3¢4 17

Solo Raya are 37 13.0: 35

) ) Sleman are 76 26.7¢ 71
Spi‘gg;gf{fr't‘;” oTYogyakarta City are 46 16.2¢ 43
152 units Bantul .are 16 5.6: 15
Gunung Kidul are 1 0.3t 1

Total 284 267

3.2 Analytical approach Subsequently, a hypothesis test using the p-value is

The analysis used includes descriptive and inferentiakecuted and if the p-value < 0.05 then the hypothesis is
methods. Descriptive analysis exhibitse respondent's accepted [36].
profile, which includes: the respondent's position, office
location, head office or branch/subsidiary status, compady3 Measure
age, and number of employees. Inferential analysis is This research applied several seriesefruments for
implemented to examine the relationship betweemeasuring  supplier  collaboration, management
variables. We used structural equation modelling assistedmmitment, operational agility, and innovation
by AMOS to be able to fully operate statistical data and tegérformance from previous research and adapted to the
the research hypotheses. characteristics of tour operator businesses. The operational
The research instrument implemented needs to fulfilefinitions of the research variables are described below
the requiremenfor validity and reliability. The validity (Table 2). Supplier collaboration is where companies agree
criteria are shown by the loading factor value of th&o share important information and budgetachieve the
question item which is abov@.5, while Reliability is predefined target or objective. Management commitment
shown by the construct reliability (CR) value and averagefers to providing sufficient provision of the resources
variance extracted (AVE) value. The question item iseeded and active contributiohcompany management to
reliable if CR > 0.6 and AVE value > 0.4 [37]. Toachieve company goals. Operational agility isgheed in
demonstratéhe suitability of the research model with themodifying product variations and prices according to
theory applied, a goodness-of-fit test was performed, alongarket expectation. Innovation performance referthe
with the key parameters of significance, includingbenefits resultingirom a new product, the number of
probability>0.05, and also GFI, CFIl, and TLI eaeB.90. product variations, and the speed at which they are
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penetrated to the market. The questionnaire was createdarb, with an answer level of 1 indicating strongly disagree
a Google form that attached witblosed questions. and 5 representing otherwise.
Responses afermulatedin the form of a Likert scale of 1

Table 2 Variables and indicators
Variables Codes Indicators
Supplier KS1 |Accuracy of information regardingroduct design.
collaboration (KS] KS2 |Agreement on goals with suppliers.
KS3 |Willingness to share budget with suppliers.
KS4 |Frequency of interaction with supplie

Operation agilitt OAl |[Speed of decision making.

(OA) OA2 |Ease of changing product variations.
OA3 [The speed of changing product pri
Management KM1 |Availability of budget for developing new tour packages.
commitment (KM) KM2 [Periodic socialization of company strategies and targets to all parties within the
company.

KM3 |Management involvement with the team that creates the tour package.
KM4 |Management involvement with the team to expand the market.

KM5 |Management role with all parties in the company to carry out periodic perfor
evaluations of new tour packages.

Innovation KI1 [The proportion of profits from new tour packages.
performance (KI)| KI2 |A number of tour packages are offered.
KI3 |Speed iroffering new tour packages to consurr

4 Result and discussion 4.2 Data normality
4.1 Descriptive analysis Based on the chi-square table, the Mahalanobis d-
A total of 201 (75.28%) questionnaires were respondéguared va!ue > 34.81 are outliers thgt must be removed
and the majority were answered by directors (1880m operations. Inthis study, observations number 42, 24,
questionnaires) and only 12 questionnaires were answerdifl 56 had a Mahalanobis d-squared value > 34.81,
by branch office heads. The largest number of respondeHigrefore they were removed from data analysis. The
were in Sleman District (28.86%), followed by Yogyakartdnultivariate value after subtracting these observations is
City (21.39%), Semarang City (19.90%), and Surakarfa684, which shows that the data is normally distributed
City (8.46%). These areas are the main tourist destinatidi¢tween -2.85 and 2.85). In this way, the data can be
in Central Java Province and the Special Region &rwarded for further analysis.
Yogyakarta. Respondingompanies are moréhan 15
years old (71.64%) and between 11 years and 15 yedr$ Validity and reliability of instrument
(17.41%), which shows that companies have been building Based on the loading factor, valid question items were
relationships with their suppliers for a relatively longselected with a loading factor value>08.5, and reliability
period. Several companies experiencé subprime was shown by CR value > 0.6 and AVE value > 0.4. Based
mortgage crisis (2008) and the monetary crisis in Asi@n the loading factor, all questions had met the criteria, so
(1998) and managed to survive. Most of the companies dre question items were used in the next analysis. Based on
small and medium enterprises with 6 — 10 employeée CR and AVE calculation results, it was also found that
(44.28%) and 11-15 persons (26.87%). all question items met the reliability requirements. The
results can be seen in the table below (Table 3).

Table 3 Instrumet validity and reliability

Variables Indicators Loading Construct Variance
Factor(\) Reliability Extracted

KS1 0.65¢

Supplier Collaboratic KS2 0.68:
0.746 0.469

(KS) KS3 0.61¢

KS4 0.651

Management Commitmeg  KM1 0.59;
0.814 0.424

(KM) KM2 0.631

~ 226 ~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 11 2024 Issue: 2 Pages: 221-232 ISSN 1339-5629
3 ﬂ [ Increasing organizational agility and innovation performance of tour operators from the relational
A view perspective
& Bisma Jatmika Tisnasasmita, Muafi Muafi, Dessy Isfianadewi, Wisnu Prajogo
Variables Indicators Loading Construct Variance
Factor(\) Reliability Extracted
KM3 0.73¢
KM4 0.75¢
KM5 0.68¢
OAl 0.64
Operational Agility (OA) OA2 0.66: 0.674 0.408
OA3 0.60:
. Kl1 0.721
'(r}‘(rl‘)o"a“o” Performant™ 0.77¢ 0.814 0.594
K13 0.81:
4.4  Goodness of fit 0.060 (> 0.05), RMSEA 0.037 (<0.08), incremental fit that

The first step is to modify the research model (Figure Tpnsists of GFI 0.941, TLI 0.971, CFI 0.977 are >0.90, and
by following the modification indices in AMOS. The parsimony fit that consists of PGFI 0.636 and PNFI 0.705
modified model fits Goodness of Fit Criteria: probabilityare >0.60.

Goodness of fit
Chi Square=90.460
Prob value=.060
cmin df=1.274
GFI=.941
AGFI=913
TLI=.971

CFI=.977

NFI=.904
RMSEA=.037

Figure 1 Modified research model

45 Hypothesestesting was 0.332. Therefore, hypothesis 1 was accepted. Supplier

Squared multiple correlation showed a figure of 0.70¢ollaboration also influenced innovation performance with
for Innovation Performance, so it can be concluded that & p-value of 0.001 < 0.05, and the magnitude of the
this research the variation in innovation performance canfluence was 0.266. Therefore, hypothesis 2 was accepted.
be explained by 70.1% by the predictor variables. THeperational agility influenced innovation performance
results of the data analysis showed that suppligith a p-value of 0.002 < 0.05, and the magnitude of the
collaboration had an effect on operational agility with éfluence was 0.324. Therefore, hypothesis 3 was accepted
p-value *** < 0.05, and the magnitude of the effec{Table 4, Table 5).
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Table 4 Hypotheses test
Variable: Estimatt S.E CR P Labe
KS > OA 0.673 0.155( 4.33( okk Significance
K.S > Ki 0.292 0.092| 3.178 0.001 Significance
OA - KI 0.176 0.057| 3.097 0.002 Significance
KM = Ki 0.796 0.129| 6.159 ok Significance
Table 5 Sandardized direct effects
KS KM OA Kl
OA 0.33: 0.00( 0.00( 0.00(
Kl 0.26¢ 0.61: 0.32¢ 0.00(

The moderation test is carried out by adding thesing the formula below. The calculation will use loading
interaction value between supplier collaboration anfactors based on standardised regression weight (Table 6)
management commitment into the model and calculatirajd variances (Table 7).
the interaction loading factor and interaction error values

Table 6 Sandardized regression weights
Estimatt
KS - OA 0.332
KS - Kl 0.266
OA =~ Kl 0.324
KM - Kl 0.613
KM - KM1 0.604
KM - KM2 0.595
KM - KM4 0.728
KM -  KM5 0.742
KS - K&$4 0.658
KS - KS3 0.618
KS - KS2 0.676
KS - KS1 0.650

Table 7 Variances

Estimatt S.E CR P
KM 0.11(¢ 0.02¢ | 4.227 | ***
K.S 0.15: 0.03¢ | 4.497 | ***
e2( 0.56: 0.162 | 3.462 | ***
el¢ 0.05¢ 0.01f | 3.66¢ | ***
el 0.191 0.022 | 8.56¢ | ***
ez 0.191 0.02: | 8.637 | ***
e4 0.14¢ 0.021 | 7.222 | ***
et 0.131 0.01¢ | 6.98¢ | ***
et 0.20( 0.027 | 7.527 | ***
el 0.22¢ 0.02¢ | 7.997 | ***
e 0.17% 0.02¢ | 7.287 | ***
e¢ 0.17¢ 0.02: | 7.63E | ***
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We use the formula below to calculate the interaction
loading factor Xinteraction) and interaction error values

(60).
Ainteraction = {X1 +AX2 + AX3 ) X (\Z1 +AZ2 +1Z3) 1)
0q = {(AX1 + X2 + AX3 2 x Var(X) x (©0Z1 + 022 + 073 )} + {(AZ1 +1Z2 + 1Z3 ¥ X
Var(Z) x (OX1 + OX2 + 0X3 )} + {( OX1 + OX2 + OX3) x (0Z1 + 672 +0Z3 )} )

We found thaf. interaction is 6.945 an€élq is 1.812. AGFI0.902, TLI0.974, CFI 0.980, NFI 0.933 and RMSEA
We use those result to find the moderating effect to tle045). The results of operational statistical data found that
model that is shown in figure 3 and hypothesis testing interaction influences innovation performance with p-
Table 8. By integrating interaction variables into thealue *** < 0.05, so it can be concluded that management
research model (Figure 2), the model meets the margim@mmitment moderates the influence of supplier
fit requirements with probability 0.011 (< 0.05),collaboration on innovation performance. Therefore,
meanwhile other criteria meet the standard (GFI 0.93Bypothesis 4 is accepted.

Table 8 Hypotheses testing
Estimat S.E CR P Labe
KS > OA 0.483 0.092| 5.224 *** Significance
KS - Ki 0.180 0.071| 2.550 0.011 Significance
OA - Ki 0.167 0.051| 3.258 0.001 Significance
KM - Ki 0.680 0.102| 6.682 ***|  Significance
Interaction > KiI 0.006 0.001| 5.691 *** | Significance
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5 Conclusions research model to be tested in other collaborative service

The primaryobjective of this research is to enhance odfdustry, such as event organizers and construction
comprehension towards Relational View (RV) througlgervices. This study currently applies only to tour operators
providing exp|anation how Supp"er C0||ab0ration’ in Central Java and the Special Region of Yogyakarta, both
0perati0na| ag|||ty’ and management Commitmerﬂf which have been designated as ntaurist destinations
effectively improvennovation performance. This researcHy the Indonesian government. Further research is to be
demonstrateshat supplier collaboration has a positivdmplemented in various regions where economies are
impacton Operational ag|||ty by providin@mpanies with domma"ﬁed by the tC.JUrlsm sector, to observe and Study the
access to flexibility in raw material supply and maintainingeneralisation of this research.
the availability of required materials. Furthermore
supplier collaboration plays a vitable in accelerating References
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Abstract: The bread industry faces significant risks of losses in case of excess inventory. The initial stage in the K-Means
Clustering Algorithm involves forming two clusters: C1 for slow-moving product data and C2 for fast-moving. Clustering
products using the K-Means Algorithm resulted in Group 1 as slow-moving products with 44 types of items and Group 2
as fast-moving products with 15 types of items. It can be concluded that the bakery is experiencing losses due to an excess
of overstocked products. After categorizing data into slow-moving and fast-moving groups, the subsequent phase involves
employing the FP (Frequent Pattern)-Growth association rule algorithm to recognize consumer purchasing patterns. This
algorithm aims to uncover relationships between items in a dataset and assess the probability of a person purchasing breac
concurrently. By establishing a minimum support of 3% and a minimum confidence level of 30%, a total of 13 rules were
generated, meeting the criteria for strong association rules. With this data, the store owner can specifically enhance
inventory planning for fast-moving products by analyzing demand data and market trends. For slow-moving products,
the store owner can adjust item placement or create product bundling with best seller items.

1 Introduction Data mining is an effective way to obtain information for

The existence of business opportunities in the focdecision making, one of which is production planning
industry means that micro, small and medium enterprisdecisions. . o _ .
(MSMEs) are able to create independent sources of The approach to alleviate this issue involves employing
income. However, competition in the food industry ithe method of clustering. A cluster refers to a group of data
currently very tight, so business people are required Objects sharing similarities within the same cluster and
produce creative and innovative ideas, as well as manedistinctiveness from objects found in other clusters. K-
existing resources so that they can achieve their main goMeans is an algorithm commonly used in the clustering
One of the products from the food industry is bread whicProcess [3]. In this research, a rule or guide was developed
generally has characteristics that are easily damaged #hat contains the relationship of interrelated items using the
have a relatively short expiration date so that the breFP-Growth algorithm. Through this research, it is hoped
industry has a high risk of loss if there is excess stock. that researchers can increase sales through technology-

From the findings of the assessments, it is evident trbased production planning strategies [4]. N
having surplus inventory poses a disadvantage for the Numerous prior resea_rch _endeavors have utilized the
company. This excess inventory is due to overproductioK-Means algorithm, primarily for the purpose of
Overproduction is the activity of producing products ircategorizing items. For instance, a study applied this
excess of the required quantity [1]. This is becauslgorithm to group Telkomsel card sales regions into three
inventory data management is still done manually and saclusters, delineated as high, medium, and low. This
data is not analyzed so that there are products piling grouping served as the foundation for devising promotional
because they are not selling and there are empty items Procurement strategies [5]. Research was conducted to
One method that can be used is data mining techniqumap technological capabilities by looking at the Davies
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Bouldin Index (DBI) value as a basis for measuring clust& M ethodol ogy

performance [6]. Furthermore, studies employin® 1 Production planning

clustering techniques on retail sales data, categorizing proguction planning is an activity of evaluating past
them into high, medium, and low clusters, are utilized tQnq present facts as well as anticipating future changes and
formulate stock inventory strategies [7]. Several studiggands to determine appropriate production strategies and
have been carried out, including research conducted by [glhequles in order to achieve targeted goals effectively and
suggests integrating information about customers’ physic&ficiently. According to [11] the objectives of production
activity into conventional recommendation systemsyanning and control are:

Emphasis is placed on providing recommendations tailoregl - gngyre that the company can produce effectively and
to the individual who is jogging or running. These user efficiently.

categories were dgtermineq based on the most significa@_t Ensure that the company can use capital as optimally
workout-related criteria. Using Orange software, various gq possible and can dominate a wide market.

clustering and classification models were experimented Forecast product demand expressed in the number of
with, leading to the establishment of fundamental criteria products as a function of time.

for segmentation. The research reveals the feasibility of Monitor actual demand, compare it with previous
achieving a fairly precise user segmentation and suggests §emand forecasts and revise these forecasts if
avenues for refinement. The integration of diverse  jeviations occur.

knowledge models detailing customer behavior and petermine the economical order size for the raw
attributes from multiple viewpoints has the potential to  terials to be purchased.
yield valuable and distinctive marketing insights [9].5  Monitor inventory levels, compare them with the

identify and assess the attitudes of the Polish business inventory plan, and revise the production plan at the
world towards sustainable entrepreneurship. The findings specified time.

obtained are juxtaposed with independent assessmens, \jake detailed production schedules, assignments,
thereby revealing different approaches to business 514 machine and labor assignments.
operations. Through cluster analysis of the survey results,

it is clear that the Polish SME sector can be categorized pgig mining encompasses a set of procedures designed
into five different groups, each of which shows differenf, exiract valuable, previously unknown information from
approaches and Ieygls of commitment to sustama_b&e compiled database, transforming raw data into
development. In addition, the study concludes that Poligheaningful insights. The acquired information is derived
companies prioritize social aspects over e”V'mmne”tﬁ{roughthe extraction and identification of crucial patterns
considerations. Research conducted by [10] Introduce§iay contribute to business decision-making. In simpler
method to  automatically —recommend  distanCgyms, data mining is commonly described as the process
measurements  for  clustering  algorithms.  The sifting through vast amounts of data to uncover relevant
recommendation process involves steps in the form gftormation. It is also commonly known as Knowledge
extracting metadata, which includes collecting metBiscovery in Database (KDD) [12].

features and identifying meta targets; building
recommendation models using metadata; and suggest

g ’ q - 'S Data mining
IStance  measures  for  new atasets  through mining involves a sequence of procedures aimed
recommendation models. Two different types of me

8 manually extracting hidden information value from a

targets and meta qurnlng techniques are used to add_r Athered database, with the goal of transforming this data
potential variations in user needs. In contrast to priot, .\ oiuable insights. The information gathered is

studies, this research distinguishes itself by employing tg%quired through the extraction and identification of

K-Means Algorithm to group sales data}, generatingio niicant patterns essential for informed business
clusters based on the distinction between h'gh'performigcision-making Put simply, data mining is often
and Iow-pgrformmg _salgs. Subsequently, the SUescribed as the process of distilling information from
proceeds with the application of the FP-Growth Algor'thr%ﬁensive datasets. Another term used to refer to data

to examine consumer purchasing patterns associated Wit ing is Knowledge Discovery in Database (KDD) [13].
less popular products. This analysis serves as a foundat initial category of open-source data mining tools, such

for decision-making in the production planning,s \weKa and Rapid Miner, is coded using the JAVA
department. This serves as the foundation for conducti guage. These platforms are capable of handling a
this research, aiming to ensure the optimal execution o riety of standard data mining tasks and include the

production planning through the implementation of botf} : . :
> . plementation of scalable algorithms for data analysis
the K-Means Algorithm and the FP-Growth Algorithm and extraction [14].
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2.3 Clugering 5. Revise the centroid values, determining the new
Clustering is a method used to discover and categorize centroid by calculating the average of the respective
data based on shared characteristics. In data mining, therecluster, as indicated in equation (2).
are two main approaches to grouping data: hierarchical
clustering and nqn-hierarchical clus'gering. As an wit +1) = ﬁ Yj€sjXj )
unsupervised learning method, clustering partitions Bote: J
dataset into clusters, with data within each cluster. ‘ .—|—1 - new centroid in the th iteratign+ 1)
displaying comparable characteristics. Different forms 4 (. ) . . '
clustering encompass Hierarchical clustering, Partitioni sj - the amount of data in clustgr . .
methods, Density-based clustering, Constraint-bas&d Iterate through steps 2 to 5 until each cluster attains
clustering, Fuzzy clustering, and Distribution-based a stable value.
clustering [15]. Hierarchical clustering is a method of .
classifying data that starts by grouping together two @2 Associationrules o o
more objects with close proximity. This process is then Association is a techmque utilized in thg data mining
repeated, encompassing additional objects that share Process to extract association rules, revealing connections
next level of proximity. The repetition continues until Z2€tween item combinations or relationships among
cluster structure is established, resembling a tree with@ttributes. Association rules are procedures for finding
distinct hierarchy (level) among objects, ranging from thre]aplonshlps between items in a pr_edgﬂned dafca set. Data
most similar to the least similar. Conversely, the norMining technology based on association rules is a crucial
hierarchical clustering methodology commences bmethod for discovering knowledge. Its objective is to
defining the preferred number of clusters (two cluster'de”t'fy_ correla_tlons among cha_ra_ctensygvarlables.and
three clusters, etc.). Once the number of clusters determine their level of proximity within extensive
established, the clustering process unfolds withodatasets. This technology aims to unveil potential,
adhering to a hierarchical structure. This method concealed, and valuable information in samples, thereby

commonly denoted as K-Means Clustering [16] offering significant decision support. The findings of prior
research suggest that data mining based on association
2.4 K-Means algorithm rules can uncover insights that are difficult to extract using

K-Means is a non-hierarchical technique for C|assifyin‘convention_al statistical approaches. This approach proves
to be practical and effective [19].

data, aiming to partition the data into two or more group.: SR - .

This approach segregates data into multiple groups, Association s a method _for examining connections
ensuring that data with similar attributes are assigned to%%%twe,en. specified pairs of items. It involves deriving
same group, while data with distinct attributes are allocat@g>ciative rules from two metrics: support, which

to other groups [17]. As mentioned in [18], the proceduré@dicates the percentage of item combinations in the data,

for implementing clustering through the K-Means metho nd confi(_jence., which signifigs the accuracy strength of
are outlined as follows: the relationship between items. The fundamental

1. Establish the desired number of cluster centér®o (be met_hodology.of association analy3|s comprises two stages
created. designed to identify all association rules that satisfy the

2. Randomly initialize K) cluster centers by selectingminm|um support _and minimum confidence criteria [20].
them from the available data In the exploration phase for the most frequent pattern,

3. Compute the distance from every object to eacdh® FP-Growth Algorithm is employed to discover

centroid using the Euclidean Distance formula, aimingombinations of items that fulfill the minimum support

to identify the closest distance from each centroid dat alue criteria in the database. In the context of the support

as expressed in equation (1). ormula in data mining, P refers to an itemset or set of items

(a collection of items or attributes) in a transaction or data
set. the support value of an item obtains the calculation of

DG.j) = (Xy; — le)z + (X — ij)z + ) the support value of two items written in equation (3).
’ + K = Xi)? = (D) Nmber of Tramsactions Containing p
i SJpport (P) - umber o ransactions Containing
Note: . Total Transactions
D(i,j) - document point, x 100% 3
X, - criteria data,
Xyj - centroid of the clustee. Support (P) is the level of support for itemset P. Number

of transactions containing Number of transactions
4. Categorize each data point based on its proximity to tig@ntaining P is the number of transactions in which itemset

centroid, considering the smallest distance. A exists.
Transaction totals Transaction totals are the total

number of transactions in the data set. In the context of the
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support formula for association rules, P and B refer to the
two itemsets or sets of items that are being evaluated in a
transaction or dataset (4).

Support [P n B) - Number of Transactions Contains P and B x 100% (4)

Total Transactions

Support (PNB) is the level of support for the combination  After identifying all high-frequency patterns, the next
of itemsets P and B. step is to search for association rules that satisfy the
The number of transactions containing P and B is thminimum confidence criteria, indicating how frequently an
number of transactions containing P and B is the numbiégm appears concurrently with a combination of other

of transactions in which both itemsets P and B occitems. Associative rule A> B The probability that B
together. Total transactions is the total number afppears when P also appears can be obtained from
transactions in the data set. equation (5).

Conﬁdence Q (P | A) - Number of Transactions Contains P and B % 100% (5)

Total Transactions Contain P

2.6 FP-Growth Algorithm analyze consumer purchasing patterns through association
The FP-Growth algorithm, belonging to the associativeles. Both methodologies involve multiple stages of data

data mining approach, is instrumental in efficientlynining, starting with the data selection process that focuses

handling frequent itemsets through the utilization of then gathering sales data specifically for products containing

FP-Tree structure. This algorithm is founded on the FP-trégead items. Based on the data selection results, the data

concept. FP-Tree construction involves linking data froreleaning stage continues, namely eliminating noise by

individual transactions along specific paths. This linkageemoving duplicate data and correcting data errors such as

allows transactions sharing common items to overlap d¢r@nsactions that only contain 1 type of item.

paths. The efficiency of the data structure layout process

increases with a greater number of transactions featurid@.1 Bread grouping based on the K-Means

the same items. After the FP-Tree is formed, then carry out ~ Clustering Algorithm

the three main stages of the FP-Growth Algorithm, namely The initial step in the K-Means Clustering Algorithm

[21]: involves determining the number of datasets and
1. Stage of creating a conditional pattern base. ~ conducting an initial performance test to identify the
2. Stage of generating a conditional FP-Tree. optimal k value. The selection of the most suitable number
3. Stage of generating frequent items. of classes is assessed by observing the smallest value on
the Davies-Bouldin index. The Davies-Bouldin Index
3  Result and discussion serves as a technique for assessing the appropriateness of

31 Salestransaction data the cluster count [22]. Based on the performance test
. . . results, 3 classes were formed. However, after clustering
In this study, the dataset utilized comprises sal )
: ; ere are classes that only have one member. This category
transaction records spanning from January to December o . >
o . ; . 1S deemed to lack a substantial impact on the configuration
2022. The objective of this research is to categoriz

products into two criteria, namely slow-moving and fast(-)ef clusters. Consequently, only two categories (k=2) were

U : Smployed in this study. Out of this dataset, 59 samples
moving items, and derive patterns from the forme d th isfied th b criteri
clusters. were extracted that satisfied the research criteria for

implementing the K-Means algorithm. The steps in the K-
Means Clustering algorithm are outlined below:

3'2| [zﬁ.ta r?[r(()jces;?]ng les t tion data for XY Bak 1. Establish the initial centroid value. There are two
n this study, the sales transaction data for aKery clusters: C1 represents slow-moving product data, and
covering a one-year period, from January to December ~, represents fast-moving products

2022, is employed. Two methodologies, the K-Means Hatarmine the initial centroid b :
. d . : y taking data randomly.
Clustering Algorithm and the FP-Growth Algorithm, are The centroid is determined based on bread sales

applied to process the d@ta. The purpose .Of employing transaction data for 12 months, which is classified
these methods is to obtain production planning outcomes based on the name of the bread item and the bread sales

in alignment with the data TT.“”".‘G approach. The data, period. Table 1 shows sales transaction data that has
organized through the utilization of the K-Means .., randomly selected for centroids

Clustering Algorithm, serves as foundational data to

~ 236 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 2 Pages: 233-243 ISSN 1339-5629

Determining consumer demand patterns for production planning using a data mining approach
A. Besse Riyani Indah, Andi Siti Hajar Meliani, Saiful Mangngenre, Andi Nurwahidah, Arni Muarifah Amri

Table 1 Ccentroid selection

No ltem Jan Feb | Mar | Apri | May | Jun | Jul Ags | Sept | Oct | Nov | Dec
(pcs) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes) | (pes)

1 | Abon 276 | 134 | 193 | 106 | 143 |166 | 177 | 223 | 245 | 255 | 296 | 256

2 | Abon 478 | 337 | 400 | 211 | 288 |281 | 292 | 346 | 724 | 256 | 486 | 361
Gulung

11 | ChocoBall | 6 4 9 1 1 4 1 1 1 20 8 10
W

59 | Wool Roll 57 41 48 83 74 74 60 59 70 55 98 62
Bread Tun:

Centroid 1 (1" data): {6, 4, 9, 1, 1, 4, 1, 1, 1, 20, 8, 10}
Centroid 2 (2 data): {478, 337, 400, 211, 288, 281, 292,346, 724, 256, 486, 361}

After choosing the initial centroid value, the Euclideariteration, so the process is halted. A comparison of the
distance theory is applied to calculate the proximity of datadex for the number of data objects in each cluster is
to the centroid. Each data will be calculated as the closdfistrated in Table 2.
distance to each centroid that was determined in the
previous stage using equation 1. In the first iteration, Table 2 Comparison of the number of objects for each

category C1 produces 51 members. Category C2 produces cluster
8 members. Then proceed with calculating the 2rf Iteration Number Number
iteration. process of objectsC1 of objectsC2
1. Update the centroid value by calculating the average [of Iteration : 51 8
the cluster in question using equation 2. Iteration : 45 14
2. The calculation procedure remains consistent with the Iteration ! 44 15
previous step. If the cluster positions in the newy Iteration ¢ 44 15

iteration match those of the previous iteration, the

process stops. However, if they differ, the procesbhe calculation ends in the 4th iteration because it has the

proceeds to the next iteration. same results as the results of the 3rd iteration, causing the

ratio in the 4th iteration to remain unchanged. The data

In the second iteration, C1 yields 45 members, whilgroup is then declared convergent or considered optimal.
C2 produces 14 members. As the cluster positions in tfiae next stage is to carry out testing using Rapidminer to
second iteration differ from those in the previous iteratiosee consumer purchasing patterns over the year. The figure
the process advances to the third iteration, requiring ans the sales graph display for XY bread products. Figure
update to the centroid value 1 consumer purchasing patterns within a year, the x-axis

In the third iteration, C1 generated 44 members, whikhows the demand period and the y-axis shows the amount
C2 produced 15 members. As the cluster positions in thé consumer purchases. The blue line graph shows slow
third iteration differ from those in the previous iterationmoving bread products and the red line shows fast moving
the process proceeds to the fourth iteration, necessitatingad products. Group 1 as slow moving products has 44
an update to the centroid value types of items and group 2 as fast moving products has 15

In the fourth iteration, C1 generated 44 members, amgbes of items. Based on this graph, it can be concluded
C2 produced 15 members. The cluster positions in thieat XY bakery is experiencing losses due to the large
fourth iteration are identical to those in the previouaumber of overstock products.
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Figure 1 Graphic display based on testing using RapidMiner

3.2.2 Determining consumer purchasing patterns

using the FP-Growth Algorithm 3.3 Freguency of each item and support value
The identification of consumer purchasing patterns is selection
derived from the categorization of slow-moving and fast- Thijs research sets a minimum support value of 2%.
moving data. When establishing consumer purchasingter that, a data selection process was carried out and
patterns, the data mining stages parallel those of the Heleted data that had a support value below 2% with a total
Means Clustering method. Consequently, the outcomggnsaction of 58,802. The process of forming 1 itemset
from K-Means serve as the foundational material fQfith a minimum support value of 2% uses equation 3 to
processing FP-Growth data. The subsequent steps outliitain a support value as in table 2 which meets the
the stages of the FP-Growth Algorithm in handling sal@ginimum support of 2%:
transaction data [23].

Table 2 Pattern 1 itemset that meets mini mum support

Per centage
Item type Frequency Support of support value
Tuna Fish Bun 901 (901/58802) x 100 2%
Wool Roll Bread Coklz 101¢ (1015/58802) x 100 2%
Abon 201t (2015/58802) x 100 3%
*k% ** *k% **
Bluebern 208¢ (2086/58802) x 100 4%
Vanila AlImonc 901 (901/58802) x 100 4%
Abon Gulung 360¢ (3605/58802) x 100 6%
After scanning items that have a support count Table 1 Frequency of itemappearance after data cleaning
frequency = 2%, the number of items will be entered int process
the FP-Tree. In this procedure, items failing to meet th Item Name Frequency of appearance
minimum support requirement will be eliminated due tg Abon Gulun 404
their negligible impact, and a data cleaning process will be Abon 254
conducted on transaction data containing only one iten. Bluebern 251
The subsequent computation is executed to assess the Brown Suga 25C
occurrence frequency of each item after the data cleaning ** **
process. The table below displays the frequency of each Pisang Kej 11¢€
frequent item in individual transactions, arranged i Cheese Rc 11E
descending order based on their highest frequencies. Tuna Eish Bur 117
Sosis Sal 10¢

The table above shows the frequency of appearance
of items after going through the data cleaning process
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3.4 FP-Treeformation policy of compiling transaction flows based on transactions

FP-Tree is formed based on item categories which hagentaining slow moving products in accordance with the
been sorted based on priority for each transaction. Tresearch objective, namely to optimize production by
formation of this FP-Tree is based on the researchefinimizing wasted product.

Figure 1 FP-Tree on reading all transactions

Generation of FP-Tree from all transaction datd. ConditionalPattern Base
containing slow moving category items. Every node inthe The Conditional Pattern Base is a subdatabase
FP-Tree includes the initials of the item's name coupled incorporating the prefix path and suffix pattern derived
with a support counter. Following this, a quest will be from the FP-Tree constructed in the preceding phase,
undertaken using the FP-Growth algorithm process to beginning with the item featuring the lowest support
unearth noteworthy frequent itemsets. FP-Growth count. Here are the outcomes of generating the
comprises three phases: conditional pattern base.

Table 2 Generation of Conditional Pattern Base
Suffix Generation of Conditional Pattern Base
SN (AG, PC:45),(MCB:24),(B: 4
TF (C:9),(TB: 20), (K:17), (PCK:51),(TG:1
CL (AG, P:13), (BS, C:13), (CR: 20), (MCB:10), (CG:15), (WB:21), (AC

PK. | (CR, MK: 20),(CK: 280), (A: 4.
*% *kkkk
BS |(AG:75
B (AG :21), (A: 100
A (AG .70
AG |-
2. Conditional FP-Tree will be revived with a conditional FP-Tree.

During this step, the support counts for each item in
each conditional pattern base are summed. For each
category with a support count greater than or equal
to the predefined minimum support count (25), it

Categories with a support count less than the
minimum support count will not be resurrected.
Below is a table illustrating the results of the
conditional FP-Tree search.
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Table 3 Generation of Conditional FP-Tree

Suffix Gener ation of Conditional Pattern Base
SS | (AG: 45), (B : 40), (PC :45), (AG, PC : «
TF (PCK:51

PK. | (A:42), (CK:28
FR | (AG:30), (A:29), (BS: 28), (CK:30), (P:30), (AG, CK, P :

** *kkkk
BS |(AG:75
B (A:100
A (AG: 70
AG |-
3. Frequent ltemset doesn't shape a single path, the FP-Growth
In this step, the arrangement of items established by ~ generation is conducted recursively. The results of
each conditional FP-Tree is implemented. If it the search for frequent item sets are outlined below:

Table 4 Frequent Itemset Formation
Suffix Generation of Conditional Pattern Base
S¢ (AG, SS:45), (B, SS : 40), (PC, SS :45), (AG, PC, SS
TF (PCK, TF:51
PK: | (A, PKJ: 42), (CK, PKJ: 2

(AG, FR: 30), (A, FR: 29), (BS, FR : 28), (CK, FR : 30), (P, FR : 30), (AG, CK, P,
FR \

FR: 30
*% *kkkhk

BS | (AG,BS:75
B | (A, B:100
A [ (AG,A:70
AG |-

Table 7 is the result of determining consumeB85 Determining support values and confidence

purchasing patterns which provides information as a values using Association Rules

reference in determining marketing strategies. Following The outcomes of this association procedure furnish

the creation phase, the subsequent step involvggights into items acquired together, determined by

establishing the minimum support and minimungalculating the support and confidence values for each

confidence. itemset using equations 4 and 5. Adhering to the
stipulations of a minimum 3% support and 30%
confidence, 13 rules are identified, classifying them as
robust association rules. It can be seen in the following

Table 8.

Table 5 Association Rule with Support VValue and Confidence Value
Freguent Support Confidence
PCK ; TF 3% 45%

A; KT 3% 49%
AG;TG 3% 34%
AG;CR 3% 39%
AG;F 5% 51%
AG;MCB 3% 33%
AG;PC 3% 31%
A;PC 4% 41%
AG;VA 11% 100%
AG;CK 6% 49%
AG;CG 4% 34%
AG;BS 4% 30%
A;B 5% 40%
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According to the Support Values and Confidenc8. If you buy the “Abon” bread variant (A), there is a
Values of the Association Rules, there are 13 rules that possibility of buying the “Pisang Coklat” variant (PC)
satisfy the association rule criteria, representing the with support of 5% and confidence of 41%.
conclusive rules for analyzing the XY bakery sale8. If you buy the “Abon Gulung” bread (AG) then you are
transaction dataset. The 13 association rules can belikely to buy the “Vanilla Alimond” (VA) bread with
explained as follows : 11% support and 100% confidence.

1. If you buy the “Pisang Coklat Keju” (PCK) variant of 10.If you buy the “Abon Gulung” bread (AG) then you are
bread, then there is a possibility of buying the “Tuna likely to buy the “Coklat Keju” (CK) variant with
Fish Buns” (TF) variant with support of 3% and support of 6% and confidence of 49%.
confidence of 45% 11.If you buy the “Abon Gulung” bread (AG) then the

2. If you buy the “Abon” bread variant (A), there is a  possibility of buying the “Coklat Gulung” (CG) variant
possibility of buying the “Keju Tabur” variant (KT) is with support of 4% and confidence of 34%.
with support of 3% and confidence of 49%. 12.If you buy the “Abon Gulung” (AG) bread variant,

3. If you buy the “Abon Gulung” bread (AG) then you are  there is a possibility of buying the “Brown Sugar” (BS)
likely to buy the “Tawar Gandum” (TG) variety with  variant with support of 4% and confidence of 30%.
support of 3% and confidence of 34%. 13.If you buy the “Abon” bread variant (A), there is a

4. If you buy the “Abon Gulung” (AG) variant of bread,  possibility of buying the “Blueberry” variant of bread
there is a possibility of buying the “Cinnamor Roll”  (B) with support of 5% and confidence of 40%.

(CR) variant with support of 3% and confidence of 39%

5. If you buy the “Abon Gulung” bread variant (AG) then  After consumer purchasing patterns are formed, the
the possibility of buying the “Pizza” variant bread (Phext stage is to carry out testing using RapidMiner. From
is with support of 5% and confidence of 51%. the test results using RapidMiner, there are several patterns

6. If you buy the “Abon Gulung” bread (AG) variant, that are different from the results of calculations carried out
there is a possibility of buying the “Mexican Coffeemanually. This is because in manual calculations the
Buns” (MCB) variant with support of 3% and researcher prioritizes transactions with itemsets containing
confidence of 33%. slow moving products, whereas in the RapidMiner test

7. If you buy the “Abon Gulung” (AG) bread variant, these are not input in processing the data. Figure 3 shows
there is a possibility of buying the “Pisang Coklat'the test results using RapidMiner.
(PC) variant with support of 3% and confidence of

31%.
iEgE AssociationRules
S Association Rules
[FR] --> [AG] (confidence: 0.151)
[PK] --> [AG] (confidence: 0.15€)
— [TG] --> [AG] (confidence: 0.158)
A [CK] --> [AG] (confidence: 0.1§€1l)
Graph [P] =-=-> [AG] (confidence: 0.165)
[CL] --> [BS] (confidence: 0.1€5)
[TB] --> [AG] (confidence: 0.166)
— [TA] --> [BS] (confidence: 0.172)
= [A] --> [AG] (confidence: 0.173)
nT_ - [WB] --> [B] (confidence: 0.174)
Description | o1 __» (C) (confidence: 0.174)
[CR] --> [AG] (confidence: 0.175)
[CCD] =-=-> [AG] (confidence: 0.17%)
i [CL] --> [AG] (confidence: 0.183)
= [BS] --> [AG] (confidence: 0.184)
Annotations [MX] --> [AG] (confidence: 0.189)
[MCB] --> [AG] (confidence: 0.191)
[PKJ] --> [AG] (confidence: 0.155)
[C] --> [AG] (confidence: 0.200)
[TA] --> [AG] (confidence: 0.205)
[CG] --> [AG] (confidence: 0.215)
[WB] --> [AG] (confidence: 0.222)

Figure 2 Results of Consumer Purchasing Patterns Based on RapidMiner Testing
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3.5.1 Production planning based on the results of The employed method aids in offering insights and
the K-Means Algorithm and FP-Growth details concerning product availability or stock
Algorithm fluctuations of frequently purchased items by consumers.

According to the data mining analysis, it is evident thakhis information serves as a guide for anticipating product
the sales data for bread at the XY bakery indicates a higlseipply in accordance with demand, mitigating the risk of
proportion of slow-moving products compared to fastsupply shortages.

moving products. The data outcomes reveal that XY The application of the K-Means algorithm can help

bakery faced significant losses attributed to a consideraldevelop strategies in determining stock of goods. It is

overstock of products, indicating that the bakery did ndtoped that this method can be combined again with other
achieve its sales target. In response to these challengesatlgerithms to get better results and the data that has been
next step involves formulating a marketing strategy usingptained shows that the bakery has not reached BEP (Break
the FP-Growth method. Even Point) in its sales so that a stage is needed continued

Following the identification of patterns derived fromby carrying out marketing strategies using the FP-Growth
the K-Means algorithm's grouping outcomes, thenethod for subsequent research opportunities.

subsequent step involves implementing association rules to

elucidate the connections among items in a dataset alcknowledgement
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values as the final dataset rules include : 2021.(Original in Indonesin)
1. If you buy the “Pisang Coklat Keju” (PCK) variant of[5] HANDOKO, S., FAUZIAH., E.T.E., HANDAYANL

bread, then there is a possibility of buying the “Tuna
Fish” buns (TF) variant with support of 3% and
confidence of 45%.

. If you buy the “Abon” bread variant (A), there is a
possibility of buying the “Keju Tabur” variant (KT)

with support of 3% and confidence of 49%.

. If you buy the “Abon Gulung” bread (AG) then the
possibility of buying the “Tawar Gandum” (TG)

variant with support is 3% and confidence is 34%.

[6]

Implementasi Data Mining untuk Menentukan Tin
Penjualan Paket Data Telkomsel Menggunakan M
K-Means Clustering,Jurnal llmiah Teknologi dan
Rekayasa, Vol. 25, No. 1, pp. 78, 2020. (Original i
Indonesiin)

BRAVO, M.C.M., CHALEZQUER, C.C., PUCH
J.S.: MetaFramework of Digital Literacy:
Comparative  Analysis of 24Century  Skill:
Framework, RLCSRevista Latina de Communicacion
Social, Vol. 79, pp. 76110, 2021
https://doi.orgl0.4185/RLC-2021-150¢
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Abstract: The logistic and transportation plays an integral part in maintaining a well-functioning organization. One of the
most extensively used, original, famous, and popular non-parametric methods for evaluating the efficiency of
organizations is the Data Envelopment Analysis, DEA technique. Suppose we can formulate the concept of effectiveness
in the DEA technique. In that case, we will be able to measure the productivity of organizations since productivity is a
blend of efficiency and effectiveness. Several studies have been developed, e.g., the “Malmquist Productivity Index”
(MPI) and the “Lunberger Productivity Index” (LPI), which assess the productivity of corporations through the DEA
technique, but these models do not display all factors in a system. Also, they need at least two periods to appraise
productivity. Furthermore, their two components of efficiency and effectiveness are not considerably evident. Moreover,
sensitivity analysis is not possible in these models. Therefore, a model was presented that can measure the relative
productivity of decision-making units through the technique of DEA, simultaneously in a period through the two elements
of efficiency and effectiveness with the feature of sensitivity analysis and its solution method is more reliable due to the
use of multi-objective planning method. In addition, a case study was used to indicate the application of the proposed
model, which demonstrated that a branch could be efficient but unproductive.

1 Introduction accidental [2]. The measurement provides the means to
Productivity measures provide answers to importatfientify effective factors in improving efficiency and
questions about the flows, logistic and transportation. Feffectiveness, which in turn has a special role in
example, how efficiently transportation providers mové&etermining the productivity of organizations. Productivity
people and goods, and whether the value of their service be divided into two elements: efficiency and
has grown more rapidly than the costs of the inputs th&ffectiveness. Efficiency refers to the ability to obtain
use. Evaluating the performance of similar organizatiof¥!tput from fewer data, and effectiveness refers to
and examining the results of their performance in a certai@tching the results obtained from work with
period is considered an important and strategic process tRggdetermined goals [3]. Productivity is managing the set
determines the competitive position of organizations. It h&§ activities that are carried out to enhance the efficiency
a notable role in continuous improvement and increasir@§\d effectiveness of the companies. _
the quality and effectiveness of management decisions of The DEA is one of the most popular and major
organizations [1]. techniques for evaluating the relative efficiency of
One of the main criteria for evaluating the performancélecision-making units” (DMUs) [4]. Clermont and
of organizations is productivity. Research show thatchaefer state: “From the point of view of many
productivity is the most favourable criterion ofresearchers and wusers of operations research, the
performance in all evaluations. If organizations do ndtdvantages of DEA outweigh its disadvantages”. One of
properly assess their productivity, their survival will bdhe DEA technique's weaknesses is that it only focuses on
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evaluating the relative efficiency of DMUs. As a resultprovide more details. Tavana et al. [14] utilized fuzzy
evaluating productivity through the popular and widelNDEA and the MPI to dynamically measure the
used technique of the DEA can be considered an importgmbductivity of oil refineries in the existence of adverse
step in determining the performance of organizations [5]outputs during the years 2013 to 2016. The results showed
Newly, studies have been developed to measutieat the productivity score of 70% of refineries is lower
productivity through the DEA technique, e.g., thehan average.
“Malmquist Productivity Index” (MPI) and “Lunberger =~ Aduba and Asgari [15] used the MPI method to
Productivity Index” (LPI), which are mentioned below. evaluate the Japanese Manufacturing Industry's TFP,
technological, and efficiency changes. The results showed
2 Literaturereview that the Japanese Manufacturing Industry's productivity

Qu et al. [6], using the “Weighted Entropy Method” indeC"ned from 2008 to 2014. Li et al. [16] used the MPI
the first step, calculated the Comprehensive index OfnethOd to evaluate TFP from 1978 to 2016 under resource

environmental pollution in different sectors and cities. 1&nd environmental limitations in China. The results
the second step, through the combined MPI:lthey showed that China's TFP relates to fluctuations and rules
evaluated the efficiency of different sectors and cities idf macro-economic, direction control, and economic
terms of reducing pollution from 2012 to 2017. At thesystem reform. Using the MPI method, Song et al. [17]
division level, two main factors affecting the totalinvestigated Chinese universities' productivity. They found
productivity of each division were determined. At the citfhat the productivity of Chinese universities increased
level, it was determined that five cities have improved iRetween 2009 and 2016. Lu and Xu [18] utilized the three-
terms of productivity, but the productivity of the threestage MPI-DEA to measure TFP in provincial water
cities has decreased. Bansal et al. [7] proposed a modef@gources in China from 2008 to 2015. They concluded that
evaluate changes in the “Total Factor Productivity” (TFFA} iS necessary to reform the existing water consumption
of 60 Indian banks using the MPI-LPI from 2013 to 20178Yystem by strengthening government macro-control and
Data had negative values and undesirable characterist@engthening efforts to purify pollution and environmental
Results showed that foreign banks fulfil better than thetfotection. The growth of TFP of water in China has not
counterparts in terms of productivity. Giacalone et al. [8]et reached maturity. Liang Yang et al. [19] measured
used the MPI from 2011 to 2016 to evaluate and analyRgoductivity changes in Chinese research universities from
the Italian Judicial System's productivity. Empirical studied010 to 2013 using the LPI. The experimental results
showed that the inefficiency of the judicial system slowghowed that LPI increased significantly during the period
down the economy due to prolonged judgment and lack éRder review. _ _
legal certainty. Huang et al. [9] analyzed the dynamic trend Falavigna et al. [20], in research entitled “DEA-based
of energy security performance of 30 Chinese provincd4P! for understanding courts reform”, used a two-stage
from 2008 to 2017 through the MPI. The results showednalysis to assess the productivity of the lItalian tax
that the eastern and southern provinces perform betigdiciary from 2009 to 2011. The evidence showed that
energy Security than the western and northern regions_ redUC|ng the nUmber. of active divisions harmed the courts'
Lu et al. [10] used the “Network DEA” (NDEA) Productivity. Gandhi and Sharma [21] measured the
technique and the MPI to evaluate the productivity of tHeroductivity of private sector hospitals in India using DEA
machine tool industry in Taiwan during the years 2010 &hd MPI from 2010 to 2014. The results showed an
2014. The results showed that the productivity in thiEnprovement in the Indian hospital industry during this
production and marketing sectors had rapid growth, and tReriod. Fuijii et al. [22] assessed the changes in productivity
marketing sector's productivity growth was more than thand efficiency in EU28 banks from 2005 to 2014 using
in the production sector. Amiri [11] presented a newWVeighted Russell Directional Distance” and the MPI.
approach to assessing the productivity of DMUs throughhen, they analyzed the share of private bank inputs in
the NDEA. They used “Multi-Objective Programming”increasing productivity and efficiency. They concluded
(MOP) to solve network problems. Using the two concept8at productivity in EU banks is higher than in the old EU
of efficiency and effectiveness in the DEA model is one ¢fadavid et al. [23] evaluated the productivity of public
the important features of this research. Wang and Feng [4#]iversities in Colombia through DEA and the MPI from
analyzed the productivity of China's Industrial System argP11 to 2012. Universities were also ranked using a
the subdivision of this industry using the NDEA methodPareto Efficient Cross-Efficiency ModelThe results
and the TFP index from 2004 to 2015. They found that ttowed an improvement in productivity during the
total productivity of China's Industrial System increasefnentioned years. Fernandes et al. [24] evaluated the
during this period. In the first stage, Ding et al. [13] use_groductivity of European domestic bar_lks and estimated the
the NDEA technique to assess the “Circular Industridpact of banking risk factors on their performance from
Economic System” efficiency. Then they used the MF2007 to 2014. The DEA teChﬂique used in thlS r.esearCh is
technique to measure the dynamic productivity from 2012ased on an MPI to calculate banks' productivity scores.
to 2017. Their proposed method can decompose tﬁbe reS.lJllts showed that credit risk aﬂd IIqUIdlty hurt ban.ksI
circular economic system into 4 dynamic indicators anfoductivity, and profit and capital risk harm their
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performance. The results showed that some provinces hatérdependent, which is not considered in these studies.
faced a decrease in the productivity of production factorBourth, these studies do not have the advantage of
Research on optimization by heuristic algorithms isensitivity analysis in the model. In the study of Amiri [11],
manufacturing and industries for measuring the efficiendiie method of solving their proposed model was done by
of using optimization methods and techniques has beeanverting the fractional model to a linear model, which,
done so far, which can be mentioned [29]. unlike that, our solution process in this study will be
The summary of these studies is given in Table 1. Akrough the MOP technique.
can be seen, most of these studies use the MPI or LPI or aAs a result, to complete the defects in the studies, we
combination of these two indexes to evaluate productivitproposed a model that can assess the productivity of DMUs
First, studies of productivity through efficiency andthrough the DEA technique in one stage and one period
effectiveness are very limited. Secondly, most of thiwhile maintaining efficiency and effectiveness
research evaluate the performance of DMUs through DEfependency. Also, the method of solving our model is
and NDEA using indicators such as MPI and LPI, in whicthrough the MOP technique and can be used for sensitivity
the effectiveness is not evident clearly. Thirdly, thesanalysis and parametric programming. Also, a case study
studies need at least two periods or two stages, awds used to show the utilization of our model.
efficiency and effectiveness must be considered

Table 1 Summary of studies
Reference Description of the resear ch M ethodol ogy
Qu et al. (2022) Evaluation of efficiency in pollution of different sectors and citiesMPI-LPI and “Weighted
' for reducing pollution in the years 2012 to 2 Entropy Method
Bansal et al. A model to evaluate changes in the TFP of 60 Indian banks dyring MPI-LPI
(2022 the years 2013 to 20
Huang et al. Analyze the dynamic trend of energy security performance of|30 MPI
(2021 Chinese provinces during the years 2008 to
Evaluate the productivity of the machine tool industry in Taiwan
Lu et al. (2021) during the years 2010 to 2( NDEA and MPI
Esngzza(e)glll_ etal. A new approach to evaluating the productivity of DMUs NDEA and MOP
Giacalone et al. | Evaluate and analyze the productivity of the Italian Judicial System MPI
(2020 From the years 2011 to 20
Wang and Feng Evaluate the productivity of China's Industrial System and :
(2020 subdivision of this industry from 2004 to 2( TFP index and NDEA
Aduba and Asgar| Evaluate the TFP changes, technological changes, and efficiency MPI
(2020 changes in the Japanese manufacturing industry from 2008 t

Ding et al. (2020) Measure the productivity of the “Circular Industrial Economig
' System” and evaluate the dynamic productivity from 2012 to .
Tavana et al. Measure the productivity of oil refineries in the existence of
(2019 adverse outputs during the years 2013 to :
Li et al. (2019) Analyze the TFP from 1978 to 2016 und_er resource and
environmental limitations in Chi
Investigate the scientific productivity of the Chinese Science MPI
System between 2009 and 2
Measure the TFP in provincial water resources in China during thFhree-stage MPI-DEA
years 2008 to 20:

NDEA and MPI

Fuzzy NDEA and MPI

MPI

Song et al. (2019

Lu and Xu (2019)

Liang Yang et al.| Measure the productivity changes in Chinese research universities LPI
(2018 from 2010 to 201
Falavigna et al. A two-stage analysis to assess the productivity of the Italian tax MPI
(2018 judiciary during the period from 2009 to 2(
Gandhi and Evaluate the productivity of private sector hospitals in India duging MPI
Sharma (201! the years 2010 to 20
Evaluate the productivity of European domestic banks and estimate

Fernandes et al.

(2018) the impact of banking risk factors on their performance during the MPI

years 2007 to 20:
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Evaluate the changes in productivity and efficiency in EU28 banks “Weighted Russell

Fujii et al. (2018) during the period from 2005 to 2014 and analyze the share pf Directional Distance”

private bank inputs in growing its productiv and MP

“MPI and Pareto
Efficient Cross-

Efficiency Model

Cadavid et al. Evaluate the efficiency of public universities in Colombia during
(2017) the years 2011 to 2012 and rank the Universities

Study the effect of efficiency and technology changes on th
changes in the productivity of the agricultural sector in Iran in the MPI
period from 2004 to 20:

11°J

Salarieh et al.
(2016)

3 Efficiency, effectiveness, and productivity field is the maximum use of minimum resources, which is
According to Richard Datt, efficiency is the force bythe ratio of output to input.
which we must reduce costs and increase profits_ Peter Effectiveness is the second word that is less discussed.
Drucker called efficiency the ability of a corporation to® Simple and appropriate definition of effectiveness is the
reach the desired level of outputs with the minimum lev@rganization's ability to achieve preset goals. Such a
of inputs. Nevertheless, efficiency has also been defined@gfinition leads to an interesting concept of effectiveness:
“the ratio between expected consumption resources aif@re is usually no limit to the effectiveness of an
actual consumption resource&fficiency is also defined organization. Determining effectiveness is more difficult
as the optimal use of resources that leads to custoniéan efficiency because of its definition, which concerns
satisfaction. In addition, efficiency is defined as “the ratighe Relationship between inputs or outputs and outcomes.
of time dependent on the ideal system to the total tifidgure 1 shows that some outputs and external
spent” [25]. A company is efficient if it produces thefanwronm.ental factors may affect the outcomes. Changgs
maximum output from a given input level. The commoin effectiveness are mainly focused on changes in

denominator of all the above definitions in the efficienc@utcomes. In the same way, effectiveness establishes a
Relationship between input and output with the obtained

outcome (end goals) [25].

Environmental factors

l l

| Efficienc [ Effectiveness
Input V_L) Output =3 Outcome
| i

Figure 1 Input, output, and outcome

Effectiveness shows how a good organization works to productivity is equal t8X”% \which is defined as the
achieve its goals, but inefficiency is related to waste an mput
therefore, ineffective operations. S - .

The third word is productivity, which is more .Pro.ductlwty |soitz?l?ndogfpng|C|epcy_and effectiveness,
comprehensive and complete than the previous two. In tA&ich is shown as "= + which is the concept of
past, the terms productivity and efficiency were usegroductivity [26].
interchangeably, but today these terms have different |t refers to a broader concept and is anything that
meanings. Productivity will follow the measurement andnproves the organization's performance.
evaluation of the output and results of a corporation's |n addition, the “Asian Productivity Organization”
activities concerning the goals and the number @APO) has defined productivity asPFoductivity =
consumed resources. Productivity is one of the mosfficiency + ef fectiveness = doing things right +
important  indicators  showing employee activitiesgoing the right things” [25]. Productivity can also be
effectiveness. In 1950, the Organization for “Economiﬁxpressed as “measuring the organization's ab|||ty to
Co-operation and Development” (OECD) definedtonvert input resources into goods and services”. However,
productivity as “the ratio of output to one of the factors ofhe combination of high efficiency and effectiveness in the
production”. In 1995, three definitions of productivity wereproduct production process will lead to high productivity.
shown, which are mentioned below [25]: Therefore, an efficient system may be ineffective, or an

d, -
measurement of efficiency.

goal ’
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effective system may be inefficient. Productivity has beemeasuring efficiency included one input and one output.
introduced as one of the basic mechanisms for gainingrae linear form of their model was called the DEA, and the
competitive advantage. model they presented was known as the CCR model based
According to the information in this section, we findon the first letters of their name. The CCR model was
out that the evaluation of productivity is more completehanged to a new model known as the BCC model. The
than the evaluation of efficiency and effectivenesBEA is a “Non-Parametric Frontier Evaluation Model”
separately. Also, efficiency and effectiveness are twibat evaluates the relative efficiency of a set of similar
integrated elements of productivity, so using them tonits. This frontier contains line segments that not only
measure productivity is better. In addition, according to thdentify the most efficient DMUs but also provide an
information in this section, the productivity formula can banalysis of the inefficient units.
formulated as followsproductivity = output | output Evaluation of efficiency via the DEA technique is
mput - goal classified by three separate structures: “Overall Technical
. Efficiency” (OTE), “Pure Technical Efficiency” (PTE),
4 DEA technique and ScaI)é E(fficier)my. The Relationship betwee% tr(1ese 'zhree

‘Farrell [28] proposed non-parametric methods fogtructures is defined as follows (1):
efficiency estimation for the first time. His model for

scale efficienc OTE __ CCR __ "Constant Return to Scale" (CRS) (1)
Y= PTE  BCC  "Variable Return to Scale" (VRS)

The scale efficiency specifies CRS or VRS for greater It uses quantitative and qualitative criteria to evaluate
productivity. OTE, or CCR, is calculated by measuringhe efficiency of organizations.
how well a DMU can use its inputs to create outputs. The The impact of subjective factors is reduced in this
CCR model shows that a change in the number of inputsethod [19].
will cause a similar output change. For example, if the Other measurement methods measure the company's
input values for a decision unit are doubled, it mugierformance only from a financial landscape. Still, the
produce double the output. PTE or BCC shows thatREA method measures the company's performance both
change in the value of the inputs produces a variable valiitem a financial landscape and from a non-financial
in the outputs [23]. Usually, the efficiency score of théandscape.
BCC model is higher than the CCR model. The DEA technique allows each DMU to set its
Furthermore, DEA models need input-oriented andariable weight more favourably than other DMUs and can
output-oriented solutions to reach the efficient frontieidentify reference units for each DMU.
The input-oriented model provides suggestions on DEA is more flexible and applicable than other
reducing inputs to reach the efficient frontier. For examplepethods.
an input-oriented efficiency score of 0.9 in an organization Based on the information given in this section, the
indicates that the organization can reduce the input level lsason for choosing the DEA method to evaluate the
10% with the same output level. The output-oriented modpfoductivity of DMUs is determined. Also, the type of
offers suggestions for how to increase output to reach tB&A model is obtained.
efficient frontier [21]. In the output-oriented model, it is
possible to increase the outputs to reach the efficiebt Productivity indexes

frontier without attracting more inputs. The output- Measuring the index involves using five ratios to
oriented model is appropriate where the inputs aieasure productivity: “Single Factor Productivity, Multi-
approximately constant. Also, the input-oriented model isactor Productivity, TFP, Management Control Ratio, and
appropriate when the outputs are closely aligned with th&oductivity Costing”. The most common ratio is the TFP,
organization's g.oals or are limited _by external factors. If thghere productivity is measured as a ratio of different
manager has little control over inputs and most of th@puts. These indicators have recently been combined with
managers’ operations are to develop outputs, then fhgA and show changes in efficiency over time, and for this
output-oriented measurement would be suitable. Howevesason, they are interpreted as productivity indicators. One
the choice of orientation has little effect on efficiencytype of TFP index combined with DEA is the MPI. The
scores [15]. In general, the benefits of DEA include thgip| is an index that shows the growth of the TFP of an
following: organization, and it can provide progress or regression in
There is no need to specify a mathematical function. efficiency and show the changes in efficiency between two
It helps discover issues that are hidden from othgine periods. If the MPI value is higher than 1, it indicates
techniques. that the efficiency is improved [20]. The required values of
Inefficient resources can be analyzed for each DMU. the MPI have been calculated using the DEA technique. By
~ A DMU is directly compared to its peers by multipleapplying it, the changes in total productivity are calculated
inputs and outputs. by separating the changes in efficiency and technological
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changes. In fact, in the MPI, there is no cost minimization To combine this formula with Equation (2), we need to
or income maximization assumption, and we only need tiefine the effectiveness of the DMU as follows (3):
observe some inputs and outputs [3].

The MPI is related to “Russell's Measure of Effectiveness of DMU,
Inefficiency”, which is multiplicative, while LPI is based weighted outputs of DMU

on a “Slack-Based Measurement of Efficiency”, which is ™ wejehted standard outputs (goals)of DMU A3)
cumulative. The DEA technique measures the efficiency of ~ yrx o y

corporations for a specific year. The MPI or LPI approach = 57—
is used to get changes in efficiency in more than one year Zr=1MrGro
[21].

Many productivity studies have recently bee
developed based on DEA-LPI and DEA-MPI techniques:
When the DMUs follow homogeneous production . . .
technologies within groups but are compatible with N,OW’ according to §ect|on (). wheneo_ducthty =
heterogeneous production technologies at the who%fmency + effectiveness, we will combine

)

Wheren,.g,, is weighted standard outputs (goals) of
MUO.

society's level, the MPI-LPI scores and their componen ua’;ions (@) a_nd (3)‘ Therg—zfore, if we c_ombine Equation

may be misleading [27] with the objective function of Equation (2), we can
In this part, we find that these indicators need at leaSY@tuate productivity through Equation (4).

two periods to analyze the efficiency of organizations, the s v

effective formula is not evident in them, and sensitivity prqxp, = Lr=1UrYro

analysis is not possible in these models. 21 viXio
MaxE1l, = Lrsa Uyt
. — . 0 =3k
6 Multiple-Objective Programming ¢ r=17rgro
technique L

S
. . . . 1 U Y
The Multiple-Objective Programming, MOP technique %

is done by a set of objective functions that must be “i=1 ViXij
optimized simultaneously, and a set of constraints is Zre1 %Y
defined to be satisfied. In other words, MOP shows howto }7%, 5, g,
move toward several objectives simultaneously.

Considering that in this research, we will use two
objective functions of efficiency and the objective function  Equation (4) is in the form of a linear fraction, which

of effectiveness, the linear programming of this model wikan pe converted into the linear model through Equation
be multi-objective. (5) as follows:

I
=
E

<1, j=1,...,n

u.,v,9r=¢& r=1..s i=1,..,m

N

7 Methodology MaxE. — v
According to section (4), the input oriented CCR axto _ZuT 0

modeling of the DEA technique is as follows (2): =L
_ I Yo MaxEly = ) urto
MaXEO = <m v r=1
i=1 ViXio S.t:
S.te m
2
Zf':l urYrj <1 i=12 ( ) ZviXiO =1
moviXs — P = Le et i=1
i=1 Y14} rk
u,vi=¢g r=1,2,..,s, i=12,..,m )

angro =1
However, as discussed in the previous sections, "5t
Equation (2) only evaluates the efficiency of DMUs. To Z v —
evaluate the productivity of DMUs, which is more Uty
comprehensive than the efficiency evaluation, it is
necessary to formulate the effectiveness in Equation (2).
Referring to section (4), the effectiveness can be obtained

output r=1 r=1 )
— U, v,9r=¢6 r=1..,s i=1..,m

m
'ULXL]SO, j=1,...,n
=1

r=1 i
Tk Tk

uY,;— ) 19, <0, j=1,...,n

goal '
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The following process has been developed to solve Equation (5) evaluates the productivity of DMUs
Equation (5): through the technique of DEA and MOP, both of which
have maximum validity and popularity. We can easily
Step 1: Every objective is optimized independently afontinuously evaluate the productivity of DMUs in one
other objectives. For DMUO, we maximize EO individuallystage, in one period, and with the property of sensitivity
to determine its ideal objective valugs, analysis through Equation (5). The DMU will be
productive if the equation (5) answer equals 2.
Step 2: Every objective is computed oppositely
regardless of the other objective. We minimize EO t8 Case study
determine its anti-ideal solutidfg ", In this section, to apply Equation (5), we selected the
branches of a bank to evaluate productivity. Most of the
Step 3: Define the membership function of everpank's activities are related to the flows, logistics and

objective by its ideal and anti-ideal solutionsii§(E,) =  transportation industries. Collecting and attracting all kinds
(EQ‘E(Z) . of deposits and allocating them to meet the financial needs
(B6-E5) of all economic activities is one of the most important
- - . . banking operations. Analyzing the productivity of the
Step 4: Maximize th_e minimal membership function fO[)amking ingustry and deter?/nini%g metrrljods for th?/s purpose
all objectives as Equation (6). is of interest to managers, politicians, economists, and
academic researchers [24]. The DEA technique is accepted
Max = a for performance evaluation in the banking industry. There
S.t are rich and extensive studies to assess performance in the
as uEO,(Eo) o o (6) banking industry, most of which used the DEA technique.
in addition to all original constrains in equ According to the research done by Amiri [11], the input

. . . and output processes in the banking industry were drawn
So,a is the minimum of all member functions that are,, Figure 2, and its data was set in Table 2.

maximized. The overall scoré, = YX_,(W.EK) is
evaluated for the DMUO.

- - ™ N

Non-operational expenses

Operational expenses

The banking processes Income (Goal)

Fixes assets

\ Labor \ J /

Figure 2 Input and output process in the banking industry
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Table 2 Inputs, outputs, and goals

Inputs Outpu
DMUs Inputl Inputz Input? Input4 Outpu Goa
1 0.063¢ 0.061¢ 0.037¢ 0.079: 0.060° 0.072¢
2 0.056! 0.090° 0.038: 0.079¢ 0.046: 0.061°
3 0.056! 0.089¢ 0.024: 0.038¢ 0.025! 0.034"
4 0.056! 0.040° 0.027° 0.083" 0.046: 0.058:
5 0.063¢ 0.043¢ 0.038¢ 0.065 0.043¢ 0.058:
6 0.056! 0.081¢ 0.029¢ 0.068: 0.040( 0.053¢
7 0.056! 0.071 0.033¢ 0.057¢ 0.043¢ 0.057¢
8 0.063¢ 0.044¢ 0.030° 0.055¢ 0.040¢ 0.051¢
9 0.077¢ 0.058: 0.046¢ 0.062¢ 0.046¢ 0.060¢
10 0.049: 0.048¢ 0.029¢ 0.069: 0.043: 0.053¢
11 0.056! 0.112( 0.028( 0.046!: 0.029¢ 0.039¢
12 0.056! 0.018¢ 0.027: 0.057° 0.054( 0.057¢
13 0.035: 0.036° 0.015! 0.017: 0.012¢ 0.017:
14 0.056! 0.032¢ 0.485¢ 0.020¢ 0.333¢ 0.154°
15 0.056! 0.040: 0.035: 0.071: 0.044: 0.052
16 0.084¢ 0.081¢ 0.045 0.091¢ 0.064: 0.081¢
17 0.056! 0.046¢ 0.025¢ 0.035( 0.025¢ 0.033:

8.1 The results of measuring the efficiency of 8.2 The results of measuring the productivity of
bank branchesthrough Equation (2) bank branches usng Equation (5)
Using Equation (2), the efficiency scores of the Bank branch productivity scores are presented in Table
branches are displayed in Table 3 by LINGO software. Theusing LINGO software's Equation (5). The results show

results show that branches 12 and 14 are efficient. that branch 14 is productive.
Figure 3 shows the combination of Tables 2 and 3.
Table 3 Efficiency scores of the branches by Equation (2) Considering Figure 3, we find that unit 12 is efficient but
DMUs Efficiency Rank unproductive. Also, the rating of some units in Equation
1 0.932177 3 (2) and Equation (3) is not the same.
2 0.762612 7
3 0.633642 15 Table 4 Productivity scores of the branches through
4 0.851705 5 Equation (4)
5 0.661219 13 DMUs Productivity Rank
6 0.719598 11 1 1.318282 3
7 0.752160 8 2 1.11059 8
8 0.742647 10 3 0.971750 16
9 0.666375 12 4 1.220454 5
10 0.854048 4 5 1.008417 14
11 0.630901 16 6 1.066961 11
12 1.00000! 1 7 1.103177 10
13 0.590687 17 8 1.107901 9
14 1.00000! 1 9 1.02356: 12
15 0.749736 9 10 1.227272 4
16 0.766099 6 11 0.978115 15
17 0.657607 14 12 1.433241 2
13 0.920390 17
14 2.000001 1
15 1.137790 6
16 1.130619 7
17 1.014108 13
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Figure 3 Efficiency and productivity of the 17 DMUs
9 Concluson and recommendations of this research can play a significant role in flows, logistic

Evaluating similar organizations' performance and@nd transportation.

examining their performance in a certain period is Some studies that can be suggested for the future

considered an important and strategic process. One of thelude the following: _

main criteria for measuring the performance of -The model's parameters are all precise and

organizations is productivity. Productivity is a blend ofleterministic, which can be considered imprecise and

effectiveness and efficiency. The DEA technique is one @tialitative and solved through the fuzzy technique.

the most popular methods and one of the main methods for - Considering that the proposed DEA model is of CCR

evaluating the relative efficiency of DMUs. Recently, theré/pe, another research of BCC type can be made.

have been studies to measure productivity through the

DEA technique, which includes the MPI and the LPI. FirsPata availability statement

the effectiveness is not formulated in these studieshe authors confirm that the data supporting the findings

Secondly, they need at least two time periods or two stagebthis study are available within the article.

Thirdly, they do not benefit from sensitivity analysis in the ) )

model. To complete the shortcomings in the studies, Reclaration of interests _

model was proposed that can assess the productivity Idfe authors declare that they have no known competing

DMUs through the DEA technique and MOP in one stagéhancial interests or personal relationships that could have

and one period while maintaining the efficiency an@pPpeared to influence the work reported in this paper.

effectiveness dependency. The proposed model is linear in

such a way that the advantage of its linearity can be uségknowledgement

for sensitivity analysis and parametric programming. FoVe are grateful to all of those with whom | have had the

this purpose, effectiveness was formulated in the COMeasure to work on this and other related projects. This

model of the DEA technique, and MOP was used t@anuscript was supported by VEGA 1/0268/22.

maximize the two functions of efficiency and

effectiveness. Then, to demonstrate the application of thtefer ences

model, a case study was conducted in the branches dilhpKHODADAD KASHI, F., ZARRANEZHAD, M.,

bank. The case study results showed that a productive YOUSEFI, R.: Evaluation of Interaction Effects of

branch must be efficient, but an efficient branch is not Market Concentration, Profitability, R&D and

necessarily productive. Organizations with the same inputs Advertising in Iran’s Manufacturing SectorThe

and outputs can benefit from this study to evaluate their Economic Research, Vol. 15, No. 3, pp. 175-94, 2015.

productivity, identify less productive resources, anfl?] MEZA, L.A., VALERIO, R.P., DE MELLO, J.C.C.B.:

manage their productivity. A DMU can include its Assessing the efficiency of sports in using financial

predetermined goals in its productivity calculations resources with DEA modelsProcedia Computer

through the proposed model. Also, a DMU can use Science, Vol. 55, pp. 1151-1159, 2015.

sensitivity analysis in the model to determine what change https://doi.org/10.1016/j.procs.2015.07.086

in its productivity will be achieved by changing its[3] DOROUDI, H., ABCHAR, B., BIGDELI, E.

predetermined goals. Also, the results showed that the useProductivity analysis using MalmQuist index in private
insurance companies of Zanjan provindeyrnal of
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Abstract: Raising efficiency encourages logistics companies to use modern technologies. Using Internet of Things (loT)
devices improves logistical efficiency. The aim of the research is to determine the role of loT in increasing the efficiency
of logistics processes. The study was based on information about the logistics activities of the Supply Chain of one of the
largest logistics companies in the world — DHL Group. The study covers the period 2009-2022. The research was
conducted using linear regression models tested by the least squares method. The impact of the use of IoT devices was
introduced into the model through the use of a dummy variable. It was established that the implementation and use of loT
devices has a positive, statistically significant effect on such indicators of logistical efficiency as Profit Margin and
Operating Efficiency Ratio. It was proved that 10T positively affects logistical efficiency and does not entail reducing
jobs, which is a socially important factor. The obtained results can be applied in developing and justifying the policy of
implementing 10T in the activities of logistics companies. The conducted research opens up prospects for further studies,
in particular regarding the impact of 0T on other performance indicators of logistics companies, particularly on their
market capitalization.

1 Introduction Considering these factors, research on the role of 10T in

The key to the success of a logistics company is thegistics remains relevant and important for the
ability to meet the customers’ needs in fast, timely delive§evelopment of the logistics industry, increasing the
of goods to the specified destination. Modern technologi€9mpetitiveness of companies and achieving greater
contribute to ensuring fast and accurate address deliverycdstomer satisfaction.
shipments and the ability to monitor the route of shipped The Internet of Things can improve the efficiency of a
goods. Moreover, they enable identifying and optimizinépgistics company in many ways, providing greater control
places where the efficiency of logistics chains decreasé4d optimization ofimportant processes. Sensors placed on
The relevance of the research topic is determined B{0ds or packaging allow logistics companies to monitor
several key factors currently affecting the logistics industdjie location and condition of cargo in real time. This helps
and business in general. The volume of cargo transpori€gavoid losses, monitor the delivery time and prevent bad
around the world continues to grow. This challengegonditions for the goods (for example, negative
logistics companies to manage huge volumes of goot&nperature). loT can provide data on road conditions,
efficiently, and Internet of Things (IoT) can help to ensurtaffic, etc. These data help companies to optimize delivery
this efficiency. Consumers and businesses expect fast@ytes, which reduces travel time and fuel costs. loT
and more accurate deliveries. 10T allows receiving reg®nables logistics companies to provide customers with an
time information about cargo status and location, whichiteractive consumer experience. This includes tracking
improves service and increases customer satisfaction. |@gliveries in real time, receiving notifications of estimated
offers many sensors and devices to collect data that candéval times, and providing a convenient way to
used for analysis and strategic decision makingommunicate with customers.
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Sensors and RFID tags provide real-time inventorgooperation of managers at all levels - from top
tracking. This helps to avoid overstocking or shortage afianagement to functional managers at delivery points.
goods. loT can provide data on the status of equipment and The fourth industrial revolution (Industry 4.0) provides
vehicles. This enables planning preventive maintenanoew resources for qualitatively changing how businesses
and avoiding accidents and stoppages, which reduaasd supply chains work. Authors [4] consider the unique
travel costs and downtime. 10T can help to resolve energgptential of 0T, together with other technologies of
efficiency issues by monitoring and managing energydustry 4.0, in particular, blockchain [5], that can cause
consumption in warehouses and vehicles. Data collectsignificant changes in the world. The authors argue that the
from 10T devices can be used to analyze and forecast trehdl§ guarantees a massive revolution in logistics over the
in logistics, which helps companies make strategigext decade. This creates new benefits for businesses by
decisions. Overall, 10T helps logistics companies mak®inimizing the price of device components, increasing the
their operations more efficient, accurate, and cosspeed of wireless networks, and expanding the possibilities
effective. It also opens up new opportunities to improvef receiving data on the network.
customer service and create competitive advantages in theln the work [6], authors note that transport and logistics
logistics market. companies may have different goals for loT

So, the aim of this study is to determine the role of lofmplementation. On this basis, authors [7,8] consider it
in increasing logistical efficiency. The aim involved thenecessary to build a different architecture to implement loT

fulfilment of the following research objectives: devices and determine the corresponding targets. However,
- analyze the dynamics of the logistics company’the process of implementing the use of IoT is almost the
performance indicators; same despite the difference in goals. That is why
- determine the impact of the use of 0T devices on thmplementing this technology is worth considering
company’ performance; competitors' experience and mistakes, which will increase
- determine the impact of the use of 0T devices on thike efficiency of using 10T to improve logistics activities
performance indicators of logistics activities. [9].
The analysis of studies by [10] revealed a gap in the
2 Literaturereview academic literature in the study of reverse logistics. It is

Growing demand is forcing the traditional logisticsworth noting that the use of IoT in this logistics segment
industry to transform into smart logistics. There are marfias significant prospects for improving efficiency.
recent technologies that have helped transform the logistlgnitoring and tracking cargo is extremely important
industry. In particular, researcher [1] examines th&hen a shipment is redirected, or other route changes
technologies required to implement smart logistics arRFcur. The use of 10T increases the accuracy of cargo
determines the role of loT and big data in developing tHBovement and reduces the number of unproductive losses
smart logistics industry. The author claims that ththanks to the optimal loading of container capacities.
coronavirus pandemic has significantly accelerated ti¥ccording to [11], loT enables the creation of a virtual
inevitable logistics digitalization process. Now, thesystem for managing logistics flows. This system
implementation of digital technologies, particularly IoT, idacilitates interaction between all participants of the
not determined by the forced circumstances of the exterd@gistics process in a new way. The virtual system
environment but by the need to improve logisticaRutomatically updates all data on logistics chains and
efficiency. allows for real-time evaluation of all cargo delivery

Authors [2] examine the conceptual framework for th@arameters [12].
impact of IoT on Supp|y chain management_ The The work [13] shows that IoT affects not Only the
conceptual framework developed by the authors ensufierational efficiency of a logistics company but also its
the organization of the logistics company’s supply chaipfrategic management. The authors conducted a study
management process, starting from determining iRsed on a survey of managers of logistics companies and
advantages and ending with the impact on the financi@und that the use of IoT leads to the transformation of
result. It is worth noting that the conceptual frameworRPproaches to strategic management of logistics flows.
developed by the authors can be effectively implement&fSIdeS' the authors.found that the implementation qf loT
only if all supply chain links are fully provided with 10T itself had a greater impact on the growth of operational
devices, as the effects specified by the authors can @éiciency compared to changes in the strategic
achieved through the availability of complete informationmanagement of the studied companies. .

A joint report by DHL and Cisco [3] is interesting, in Authors [14] state t_hat the successful |.mplementat_|on
which the authors identify promising directions for the@f 10T in logistics requires close collaboration and a high
implementation of loT in the activities of logisticslevel of participation between players and competitors in
companies. It is noted that the greatest effect of ttige supply chain. Clear interaction is required to exchange
implementation of 10T will be in the field of last mile Sensor information in heterogeneous environments at all
delivery. The fact is that last mile delivery is the mos¢argo movement stages. There is a need to build trust and
expensive in the entire supply chain. The authors note tté@ta ownership and overcome privacy challenges in the
the effective implementation of loT requires thdOT-based supply chain. This requires a clear focus on a
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reference architecture for 1oT and a shift in busines®ntainer capacities and the loading of vehicles to avoid
mindset to embrace the full potential of loT. downtime and delays in the shipment of goods.

0T can also provide effective inventory management
in warehouses, which is also extremely important f@® M ethods
effective management in logistics [15]. The warehouse The research hypothesis is that the implementation and
system becomes less dependent thanks to the automatigg of |0T contribute to improving logistical efficiency.
of warehouse operations and responds to changes in hurpgithin the scope of this study, efficiency means a
work. The flow of goods through warehouses becomegduction in costs and an increase in income. One of the
smoother by applying autonomous systems ifrgest logistics companies in the world — DGL [20],
transportation, handling and palletizing operations to thghich operates in 220 countries and territories— was
warehouse. However, stand-alone systems must be adagiggsen for the study.
to the storage environment to minimize the risk of overlays. The research will be conducted in two stages. The first

Authors [16] state that as more companies adopt I&kage provided for analyzing the dynamics of the main
systems, their use will combine data and flows of regddicators of the working hypothesis of the study: Total
objects, revolutionizing real-time organizations. This iRevenue; Profit (Loss) from Operating Activity; Expenses
why logistics companies will turn into e-commerceyn fuel; Expenses on Aircraft Fuel; Wages, Salaries,
companies, where cargo movement will be serviced thankgmpensations. The indicators of Total Revenue and
to the operation of automated systems. The authors pop¥ofit (Loss) from Operating Activity are taken from
out that the costs and benefits of implementing loT @épons by Segments for DHL's departments_ For the
different stages change according to the technologyrposes of the study, the data were used only for the
development. We can conclude that the development Qfipply Chain segment: only for those divisions of the
technologies will ensure the growth of the economigompany that are directly engaged in logistics operations.
feasibility of implementing loT systems in logisticSThis made it possible to separate the influence of other
companies. Similar conclusions about the impact of theympany divisions engaged in other activities. At this
Internet of Things on the efficiency of logistics companiestage, the methods of graphical display of time series and
have also been reached by the authors of studies [17-19}hl trend method will be used to analyze the dynamics of
is noted that the Internet of Things provides operationghanges in the indicators. Figure 1 shows the logic of the
and accurate information in real time about the load @fpact of the use of 10T on the resulting indicators is
logistics facilities and the movement of goods. Suckhown.
information makes it possible to optimize the use of

loT decreases expenses on fuel, aircraft
fuel and salaries due to optimizing
operational flows

loT increases total revenue and profit
from operating activities due to expenses
decreasing

Figure 1 The logic of the impact of 10T on the resulting indicators

loT provides an increased utilization efficiency of both  To achieve the research objective, 0T is considered as
warehouses and container capacities. This makesait independent variable influencing the resulting
possible to optimize the utilization of such facilities angerformance indicators.
reduce the number of air transport flights and the The second stage provided for the analysis of the
movement of ground transport for cargo transportation. Asipact of the use of 10T on the resulting indicators. The
a result, it helps to reduce fuel consumption. IoT alsOLS linear regression method will be used for this purpose,
replaces workers in the performance of certain operatioasd the impact of 10T will be introduced into the model as
for monitoring and registering the movement of goodsi dummy variable. According to DHL, the use of IoT began
which leads to decreased labour costs. As a result, he2017 [21]. The IoT will be introduced into the model as
reduced costs should lead to increased operating profitdummy variable from 2017:
Optimization of the use of storage facilities and transport Model 1: Total Revenue = f(loT)
capacities will lead to increased transportation volumes. Model 2: Profit (Loss) from Operating Activity = f(IoT)
This ensures an increase in the company's total revenue. Model 3: Expenses on Fuel = f(loT)

Model 4: Expenses on Aircraft Fuel = f(loT)
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Model 5: Wages, Salaries, Compensations = f(loT) Model 7: Profit Margin = f(IoT; Total Revenue; Profit

The third stage involves the calculation of thglLoss) from Operating Activity; Expenses on Fuel;
performance indicators based on expenses, which &wrpenses on Aircraft Fuel;, Wages, Salaries,
affected by the use of loT: Compensations)

ROI = Profit (Loss) from Operating Activity /  Model 8: Operating Efficiency Ratio = f(loT; Total
2(Expenses on Fuel + Expenses on Aircraft Fuel + WageRgevenue; Profit (Loss) from Operating Activity; Expenses

Salaries, Compensations) on Fuel; Expenses on Aircraft Fuel, Wages, Salaries,
Profit Margin = Profit (Loss) from Operating Activity Compensations)
/ Total Revenue Data from DHL's annual financial statements [22] for

Operating Efficiency Ratio = Total Revenue /2010-2022 were used for the study.
2(Expenses on Fuel + Expenses on Aircraft Fuel + Wages,
Salaries, Compensations) 4 Results
The impact of loT; Total Revenue; Profit (Loss) from  Analysis of the dynamics of DHL Group’s performance
Operating Activity; Expenses on Fuel; Expenses oOpdicators for 2009-2022 shows a long-term growth trend
Aircraft Fuel; Wages, Salaries, Compensations OfFigure 2). However, different indicators show a different
efficiency indicators by the OLS linear regression methoglend in different periods. The Total Revenue had a steady
will be determined: upward trend from 2009 to 2015 and a steady downward
Model 6: ROI = f(loT; Total Revenue; Profit (LosS)trend from 2015 to 2020. And a growing trend has been
from Operating Activity; Expenses on Fuel; Expenses @&bserved again since 2020.
Aircraft Fuel; Wages, Salaries, Compensations)

Total Revenue Profit (Loss) from Operating
18000 Activity
2 16000 y= 12815000 1000
o o e \RIZ01862.. /. 8
14000 e N 5
& 12000 = ’ 20.09 2011 2013 2015 2017 2019 2021
2009 2011 2013 2015 2017 2019 2021 €
-1000
year year
Expenses on Fuel Expenses on Aircraft Fuel
., 1600 ,, 4000
o y = 741,74x0.0406 o y = 515,12x04682
3 1100 R2=0,0583 © 2000 — R2=03833....7.
S et oo - o,
€ 600 € o0
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22000
3 y = 11780x01614
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QT et
c s
"E 12000
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year

Figure 2 Analysis of the dynamics of DHL Group performance indicators for 2009-2022

At the same time, the Profit (Loss) from Operatinghe trend returns to growth. It is obvious that the drop in
Activity indicator does not have such volatility during thethe Profit (Loss) from Operating Activity in 2019-2020 is
analyzed period. A significant decline in the values of thisxplained by the Covid19 pandemic and the decreased
indicator is observed only during 2019-2020, after whictiolume of international transportation during this period.
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So, although the Total Revenue has fluctuated, the Profit The company’s labour costs have a steady upward trend
from Operating Activity in the long run is constantlythroughout the 2009-2022. It did not decrease during the
increasing. It is worth noting that the growth dynamics dirisis periods for the world economy in 2013-2014 and
both indicators are decreasing gradually. 2019-2020, indicating that the company did not reduce
The analysis of Expenses on Fuel and Expenses staff. At the same time, the constant growth of labour costs
Aircraft Fuel shows that there has been a rapid increaseirdicates a regular revision of wages towards their
the volume of these expenses since 2020. During 2008erease.
2020, the growth dynamics of these costs were The analyzed indicators show DHL Group's fairly good
insignificant. Such an abnormally sharp increase in fuéhancial position regarding the Supply Chain.
expenses against the background of revenue growth mayAppropriate impact models were tested to determine
indicate an increase in transportation volumes. the impact of 10T use on the resulting indicators. Tables 1-
5 show the results of the tested models.

Table 1 Results of testing the 10T impact model on Total Revenue. Model 1: OLS, using observations 2009-2022 (T = 14).
Dependent variable: Total Revenue

Coefficien Std. Errol t-ratio p-value
cons 13969.¢ 421.25! 33.1¢ <0.000: il
Dummy loT 7.9583: 643.47! 0.0123 0.990:
Mean dependent v 13973.2! S.D. dependent v 1144.75:
Sum squared res 1703575 S.E. of regressic 1191.48
R-square 0.00001. Adjusted F-square -0.08332!
F(1, 12 0.00015: P-value(F 0.99033!
Log-likelihood =117.947! Akaike criterior 239.895!
Schwarz criterio 241.173. Hannar-Quinn 239.776
rha 0.34287! Durbin-Watsor 1.01581

The following conclusions can be drawn based on treguared indicates the amount of variation in the dependent
regression analysis results of Model 1. The P-value for thariable (Total Revenue) that can be explained by the
Dummy_IoT coefficient is 0.9903. This high p-valuemodel. In this case, the R-squared is very low (0.000013),
indicates that Dummy_loT is not statistically significantwhich means that the chosen model cannot explain the
This means that no statistically significant effect of loT omariation in Total Revenue.

Total Revenue was found for the analyzed period. R-

Table 2 Results of testing the 10T impact model on Profit (Loss) from Operating Activity. Model 2: OLS, using observations 2009-
2022 (T = 14). Dependent variable: Profit (Loss) from Operating Activity

Coefficien Std. Errol t-ratio p-value

cons 340.25( 80.535 4.22¢ 0.001: il

Dummy loT 328.08: 123.02( 2.66% 0.020¢ **

Mean dependent v 480.857. S.D. dependent v 276.196!
Sum squareresic 622654.i S.E. of regressic 227.789.
R-square 0.37213! Adjusted F-square 0.31981.
F(1, 12 7.11238: P-value(F 0.02052:
Log-likelihood -94.7839 Akaike criterior 193.567!
Schwarz criterio 194.846. Hannar-Quinn 193.449i
rha 0.02278: Durbin-Watsor 1.38012

The Model 2 regression analysis results give groundsat the model can explain. In this case, the R-squared is
for drawing the following conclusions. The P-value for th€.372135, which means that this model can explain
Dummy loT is 0.0205. This indicates that the Dummy loRpproximately 37.21% of the variation in operating profit
is statistically significant at the 0.05 significance level(or loss). The F-statistic is 7.112388, and the p-value(F) is
This means that there is a statistically significant effect @&020528. This indicates that the model is statistically
IoT on profit (or loss) from operating activities for theadequate to explain Profit (Loss) changes from Operating
considered period. R-squared indicates the variation in tAetivity.
dependent variable (Profit (Loss) from Operating Activity)
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Table 3 Results of testing the 10T impact model on the Expenses on Fuel. Model 3: OLS, using observations 2009-2022 (T = 14).

Dependent variable: Expenses on Fuel

Coefficien Std. Errol t-ratio p-value
cons 785.37! 50.481. 15.5¢ <0.000: il
Dummy loT 50.625( 77.111: 0.656¢ 0.523¢
Mean dependent v 807.071. S.D. dependent v 139.622
Sum squared res 244641.! S.E. of regressic 142.782
R-square 0.03467. Adjusted F-square -0.04577.
F(1, 12 0.43101 P-value(F 0.52388.
Log-likelihood —88.2445! Akaike criterior 180.489.
Schwarz criterio 181.767. Hannar-Quinn 180.370!
rha 0.17296. Durbin-Watsor 1.17920.

ISSN 1339-5629

The following conclusions can be drawn based on tha& Fuel for the considered period was found. R-squared
Model 3 regression analysis results of the dependanticates the variation in the dependent variable (Expenses
variable Expenses on Fuel and the impact of Dummy lodn Fuel) that the model can explain. In this case, the R-
The P-value for the Dummy IoT is 0.5239. This high psquared is very low (0.034673), which means the chosen
value indicates that the Dummy loT is not statisticallynodel can hardly explain the variation in the Expenses on
significant at the conventional significance level of 0.05-uel.

So, no statistically significant effect of loT on the Expenses

Table 4 Results of testing the model of the impact of 10T on the Expenses on Aircraft Fuel. Model 4: OLS, using observations 2009-
2022 (T = 14). Dependent variable: Expenses on Aircraft Fuel

Coefficien Std. Errol t-ratio p-value

cons 1019.2! 252.80( 4.03: 0.001" il
Dummy loT 761.58: 386.16° 1.972 0.072: *
Mean dependent v 1345.64. S.D. dependent v 790.522.
Sum squared res 613543 S.E. of regressic 715.042
R-square 0.24478! Adjusted F-square 0.18184!
F(1, 12 3.88941! P-value(F 0.07208!
Log-likelihood -110.798! Akaike criterior 225.597
Schwarz criterio 226.875! Hannar-Quinn 225.479:
rha 0.55298! Durbin-Watsor 0.91293.

The results of the Model 4 regression analysis of than Aircraft Fuel. R-squared indicates the variation in the
dependent variable Expenses on Aircraft Fuel and tldependent variable (Expenses on Aircraft Fuel) that the
impact of Dummy loT give grounds for the followingmodel can explain. In this case, the R-squared is 0.244780,
conclusions. The P-value for the Dummy IoT is 0.072Wwhich means that this model can explain approximately
This value is close to but does not reach, the 0.2%.48% of the Expenses on Aircraft Fuel variation. The F-
significance level. This indicates that the Dummy loT magtatistic is 3.889415, and the p-value(F) is 0.072085. This
be statistically significant at a certain significance leveshows that the model as a whole may be statistically
(e.0. 10%). As the chosen significance level is 0.05, we cadequate for explaining the Expenses on Aircraft Fuel.
state that loT does not significantly impact the Expenses

Table 5 Results of testing the 10T impact model on the Wages, Salaries, Compensations. Model 5: OLS, using observations 2009-

2022 (T = 14). Dependent variable: Wages, Salaries, Compensations
Coefficien Std. Errol t-ratio p-value
cons 14332. 483.34 29.6¢ <0.000: il
Dummy lo1 3653.2! 738.32! 4.94¢ 0.000:¢ il
Mean dependent v 15897.9. S.D. dependent v 2290.22.
Sum squared res 2242795: S.E. of regressic 1367.11.
R-square 0.67107 Adjusted F-square 0.64366!
F(1, 12 24.4829. P-value(F 0.00033
Log-likelihood -119.872! Akaike criterior 243.744
Schwarz criterio 245.023. Hannar-Quinn 243.626!
rha 0.51544! Durbin-Watsor 0.91869!
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The following conclusions can be drawn based on tratatistic is 24.48294, and the p-value(F) is 0.000337. This
Model 5 regression analysis results of the dependestiows that the model is statistically adequate to explain
variable Wages, Salaries, Compensations and the impacthénges in Wages, Salaries, Compensations.
the Dummy loT. Analysis of the dynamics of DHL Group's estimated

The P-value for the Dummy IoT is 0.0003. This low pperformance indicators shows that not all indicators have a
value indicates that the coefficient of Dummy IoT igositive long-term trend (Figure 3). The values of the ROI
statistically significant at the 0.05 significance level. Thisndicator grew rapidly during 2009-2010 and remained
means a statistically significant effect of 10T on Wageslmost unchanged until 2018. In 2018-2019, this indicator
Salaries, Compensations for the studied period. R-squarede and fell, and its value stabilized after 2021. The Profit
indicates the variation in the dependent variable (Wagedargin, which almost duplicates the ROI dynamics,
Salaries, Compensations) that the model can explain. demonstrates the ascending dynamics. However, the long-
this case, the R-squared is 0.671079, which means that tieisn trend has positive dynamics. As for the Operating
model is able to explain approximately 67.11% of th&fficiency Ratio, it has a steady downward trend
variation in wages, salaries, and compensation. The tRroughout the analyzed period. This is a negative trend.
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Figure 3 Analysis of the dynamics of DHL Group performance indicators for 2009-2022

Next, we will analyze whether IoT had a statistically
significant impact on the calculated performance indicators
(Table 6-8).

Table 6 Results of testing the 10T impact model on ROI. Model 6: OLS, using observations 2009-2022 (T = 14).
Dependent variable: ROI

Coefficien Std. Errol t-ratio p-value
cons 0.020307 0.0044673 4.54¢ 0.000° il
Dummy lo1 0.011947 0.0068240 1.75] 0.105¢
Mean dependent v 0.02542 S.D. dependent v 0.01360.
Sum squared res 0.00191 S.E. of regressic 0.01263!
R-square 0.20345! Adjusted F-square 0.13707:
F(1, 12 3.06508: P-value(F 0.10548:
Log-likelihood 42.4112. Akaike criterior —80.8224
Schwarz criterio —79.5443! Hannar-Quinn -80.9407!
rha 0.05981. Durbin-Watsor 1.22537
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The results of the Model 6 regression analysis of then ROI for the studied period. R-squared indicates the
dependent variable ROI and the impact of the Dummy |odariation in the dependent variable (ROI) that the model
give grounds to draw the following conclusions. The Rean explain. In this case, the R-squared is 0.203456, which
value for the Dummy 10T is 0.1055. This value exceeds tleeans that this model can explain about 20.35% of the
0.05 significance level, indicating that the Dummy loT ivariation in ROIl. The F-statistic is 3.065088, and the p-
not statistically significant at the conventional significancealue(F) is 0.105488. This shows that the model as a whole
level. So, there is no statistically significant effect of loTis not statistically adequate to explain the ROI.

Table 7 Results of testing the 10T impact model on the Profit Margin. Model 7: OLS, using observations 2009-2022 (T = 14)
Dependent variable: Profit Margin

Coefficien Std. Errol t-ratio p-value

cons 0.023517 0.0055970 4.202 0.001: il

Dummy loT 0.023926 0.0085497 2.79¢ 0.016: **

Mean dependent v 0.03377. S.D. dependent v 0.01955.
Sum squared res 0.00300 S.E. of regressic 0.01583.
R-square 0.39490! Adjusted F-square 0.34448.
F(1, 12 7.83160. P-value(F 0.01608!
Log-likelihood 39.2549. Akaike criterior —74.5098
Schwarz criterio -73.2317! Hannar-Quinn -74.6281i
rha -0.02042. Durbin-Watsor 1.45863.

Based on the results of the Model 7 regression analysiguared indicates the variation in the dependent variable
of the dependent variable Profit Margin and the impact ¢Profit Margin) that the model can explain. In this case, the
the Dummy loT, the following conclusions can be drawrR-squared is 0.394905, which means that this model can
The P-value for the Dummy loT is 0.0161. This low pexplain approximately 39.49% of the variation in the Profit
value indicates that the Dummy loT is statisticallyMargin. The F-statistic is 7.831601, and the p-value(F) is
significant at the 0.05 significance level. This means th@t016089. This shows that the model as a whole is
there is a statistically significant effect of 0T onstatistically adequate to explain the Profit Margin.
profitability (Profit Margin) for the studied period. R-

Table 8 Results of testing the 10T impact model on the Operating Efficiency Ratio. Model 8: OLS, using observations 2009-2022
(T = 14). Dependent variable: Operating Efficiency Ratio

Coefficien Std. Errol t-ratio p-value

cons 0.866401 0.016143 53.6% <0.000: il

Dummy loT -0.18362: 0.024659 =7.44¢ <0.000: il

Mean dependent v 0.78771. S.D. dependent v 0.10400-
Sum squared res 0.02501! S.E. of regressic 0.04566.
R-square 0.82207! Adjusted F-square 0.80725.
F(1, 12 55.4456! P-value(F 7.78¢0€
Log-likelihood 24.4250. Akaike criterior -44.8500
Schwarz criterio -43.5719 Hannar-Quinn -44.9683!
rha -0.25372! Durbin-Watsor 2.36065.

Based on the results of the Model regression analy&5.44569, and the p-value(F) is 7.78e-06, which is
of the dependent variable Operating Efficiency Ratio arektremely low. This shows that the model as a whole is
the impact of the Dummy |oT, the following conclusionsstatistically adequate to explain the Operating Efficiency
can be drawn. The P-value for the Dummy IoT is <0.000Ratio.
which is extremely low. This indicates that the Dummy loT The obtained results give grounds to state that 10T has
is statistically significant at any significance level. This positive effect on the efficiency of DHL Group activities,
means that there is a statistically significant effect of lowhich is confirmed by the corresponding calculations.
on Operating Efficiency Ratio for the studied period. R-
squared indicates the variation in the dependent variale Discussion
(Operating Efficiency Ratio) that the model can explain. In - Authors [23] argue that the modern logistics industry
this case, the R-Squared is 0.822079, which means that %ﬂﬁ incurs h|gh costs and y|e|ds low efﬁciency_ The
model can explain approximately 82.21% of the variatiogevelopment of smart logistics opens up opportunities to
in the Operating Efficiency Ratio. The F-statistic isolve these problems. As one of the important information
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and communication technologies, |0T can generate larggnificant effect of loT on the wages of logistics company
amounts of data and explore the complex relationshipsnployees indicates that wages are increasing. So, using
between transactions represented by these data throlmih does not mean technology replaces people and leads to
various mathematical analysis technologies. These featuthsir dismissal. 10T provides an increase in labour
contribute to the development of smart logistics. Oysroductivity, which entails an increased amount of
research supports this view. The results of our reseanghyment.

prove the positive effect of the use of 10T on the efficiency It was established that the implementation and use of
of the logistics company. IoT has a positive statistically significant effect on such

In the work [24], the authors consider the ability tondicators of logistics efficiency as Profit Margin and
deliver cargo on time as one of the key factors in th®perating Efficiency Ratio. It was proved that 10T has a
competitiveness of a logistics company. Researcher [25)sitive effect on increasing the efficiency of logistics
states that IOT data can be used to develop new or impradaivities and does entail a reduction in jobs, which is a
existing shipping algorithms, loading of warehouses @ocially important factor.
container capacity, as evidenced by the study results. The The obtained results can be applied in developing and
results of our research indicate an increase in logistigaktifying the policy of implementing 10T in the activities
efficiency due to the use of loT. of logistics companies.

The research results indicate the possibility of The conducted research has methodological and
constantly optimizing the geographical cargo deliverimplementation limitations. A methodological limitation is
routes. This opinion is confirmed by the results obtained ltigat the study was conducted for one company. However,
the work [26], in which the authors note that optimizinghe large-scale use of 0T devices by logistics companies is
geographic delivery routes is a key issue in increasing thet a common phenomenon, so it is impossible to form a
efficiency of logistics companies. The solution to this issuepresentative sample of the study. The study used data on
is based on an extensive system of sensors that recordoally one direction of the company’s operations — Supply
cargo movements and other events in logistics activitieGhain. If the proposed model considers the data of the
The results obtained in this study about the statisticalbompany’s entire operational activity, the results may
significant impact of IoT on the Profit from Operatingdiffer from those in this study. The implementation
Activity confirm the importance of geographicallimitation is that the obtained results can be applied only in
optimization of delivery routes. Route optimizationlogistics companies engaged in transportation by road and
reduces the time and resources spent on delivery, whiain transport.
directly affects the size of Profit from Operating Activity. ~ The conducted research opens up prospects for further

Research results from [27,28] show that technicaésearch, in particular regarding the impact of 10T on other
services [29] are the most important aspect of applying Ig¥erformance indicators of logistics companies, particularly
for smart logistics. Our research confirms that the morn their market capitalization.
information is available, the wider the opportunities for
optimization and increasing logistics efficiency. InReferences
particular, we found that loT entails increased labour cos{$] WANG, T.: Internet of Things and Big Data in Smart
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Abstract: The ever-accelerating revolution along with digitalization of the healthcare industry has revealed the power of
machine learning and deep learning prediction models in addressing health supply chain logistic issues. The purpose of
this study was to predict the demand for medicines using autoregressive integrated moving average (ARIMA) and long
short-term memory (LSTM) time series models while comparatively analysing their performance for medicine demand
prediction to optimize the flow of supplies in the health system. Using data generated in Rwanda public health supply
chain, in our study focused on predicting the demand of the top five medicines, identified as highly supplied (amoxicillin,
penicillin v, ibuprofen, paracetamol, and metronidazole). We evaluated the models’ outputs by root mean square error
(RMSE) and the coefficient of determination, R-squaredl (R comparison to ARIMA, the deep learning LSTM model
revealed superior performance with better accuracy and lower error rates in predicting the demand for medicines. Our
results revealed that the LSTM model has an RMSE value of 2.0 for the training set and 2.043 for the test 3et, with R
values of 0.952 and 0.912, respectively. ARIMA has an RMSE value of 9.35 for the training set and 8.926 for the test set
as well as Rvalue of 0.24 and 0.16 for the training and test sets, respectively. Based on these findings, we recommend
that the LSTM time series model should be used for demand prediction in the management of medicines and their flow
within health supply chain due to its remarkable performance for prediction task when applied to the dataset of our study.

1 Introduction comparative studies due to the increase in data complexity
In the current digitally interconnected and highand their volume for achieving more accurate forecasts in

technology driven world, the health system and clinicdhe health supply chain. On the other hand, as digital
settings have challenges in successfully managing E¢hnology builds up, deep learning prediction models,
enormous volume of health supply chain data with the aifi¥ich as LSTM time series models, are being applied more
of providing the high-quality healthcare services thdfequently fortime series prediction in the health sector and
consumers would expect [1]. Organizations must adoftis include medicine demand prediction and supply
advanced technologies and data science methodologi@@nning [4]. According to a study focusing on deep
such as deep learning and machine learning approact®&ning LSTM models for COVID-19 forecasting using
including prediction models. In return, these approaché$graded method published by Luyu Zhou et. al. 2023,
and technologies offer more accurate supply chalsSTM -based models have been recognized as part of
forecasting, operational efficiency and improved logistigrediction models with the most advanced ability and
function, while also optimizing the service deliveryaccuracy for time series data [5]. Despite the increasing
process, management of financial, logistic aspects afi@nificance of machine learning models in health supply
effective use of resources [2]. chain forecasting, research in this area is still lacking and
Time series predictions is a core part of data scienbgnited, most notably in terms of how to adopt, integrate
that has numerous applications. Accurate predictions ##8d accurately use machine learning and deep learning
imperative in health supply chain forecasting tasks to hefPproaches. While most research has focused on using
in designing and implementing evidence-based decisioRgediction models to predict disease burden or their
at operational, strategic, and tactical level [3]. Tradition&ccurrence, there is a need to advance the health supply

econometric methods such as ARIMA may requiréhain by exploring the potential contribution of advanced
prediction models for medicine demand prediction [6].
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This study seeks to fill this void by undertaking @020, emphasized a track-record of progresses in
comparative examination of LSTM and ARIMA prediction performance over time, the need to capture the
predictions models, with a particular emphasis ouoncertainty in prediction tasks, and aspects that may be
identifying which of them perform better in the frameworknvrong for prediction tasks in social settings. They also
of health supply chain forecasting. While LSTM andliscussed what is known and what is not clearly understood
ARIMA models are both known for their ability to performor still unclear and thus requires further research [11].
demand predictions, our study intended to compare thehdditionally, the potential and efficacy of demand
and determine which may contribute most effectively iprediction models based on shallow neural networks,
health supply chain forecasting through reliable demaridcluding deep learning neural networks such as LSTM, for
prediction for medicines with less complexity, greateestimating future medicine demand was confirmed by
accuracy, and prospective applicability [7]. The goal of thiRathipriya et al. 2023, who focused on demand prediction
study is to make a comparative analysis of LSTM anghodels for time-series pharmaceutical data with the goal of
ARIMA models’ performance in health supply chainsuggesting marketing and sales tactics in pharmaceutical
forecasting. With this aim, we will be able to improve theompanies [12].
automation of demand for medicines and thus optimize A study conducted by Absar et al. 2022, on the
supply chain forecasting tasks and logistic technicaisefulness of deep learning LSTM models for predicting
aspects. In the end, these achievements will culminatethre spread of infectious diseases, indicated that the models
boosting the delivery of healthcare services. may provide insights and contributions to accurately

The rest of this paper is organized as follows: ipredict the spread of infectious diseases’ outbreaks such as
addition to the previous first section, in section 2, w€OVID 19. Based on these findings, LSTM models could
present the literature review and section 3 discusses fi@vide insightful forecasts and help to appreciate the trend
methodology with a brief description of the applied modeland gravity of the diseases while informing decision-
for our study, ARIMA, and LSTM prediction models.makers about how to proceed cautiously and take the
While this section focused on the theoretical context ameded measures to bring the situation under control at the
the ways we did the accuracy measurements, in sectionsngst convenient time [13]. LSTM works particularly well
the results and discussions of the study are described withth sequential data and typically excels at capturing long-
a contrast to what have observed in other similar studiesrm dependencies, putting them in the greatest position for
Finally in section 5, we wrap up the study and provide tame-series data, and therefore, may be applied in the health
conclusion and recommendations based on our stuslypply chain to predict demand, events or operations [14].

findings. For example, when predicting the trend of patients to be
admitted, LSTM models can be applied by a health setting
2 Literature review to optimize the appropriate utilization of beds, the flow of

Digital transformation in the health supply chain, alongersonnel and materials including medicines or medical
with the automation of demand prediction and suppl§upplies and equipment. Furthermore, the LSTM and
planning have the ability to optimally allocate resourceg)ultivariate time-series models can be used in demand
resulting in considerable cost savings and improved serviggediction and supply planning for lifesaving product such
delivery. This change lowers human errors, speeds targétblood donations, as they may be applied in health supply
achievement, and promotes the use of predictiiéain toensure timely availability and accessibility of them
algorithms in the demand and supply planning of importaht5]. Also, these may help in improving effective financial
drugs in clinical settings [8]. Health products and medicatanagement and well-coordinated flow of medical
supplies are crucial for preserving human health and weflupplies while keeping ideal inventory levels and
being, but they also contribute significantly to healthcarereventing expiries, shortages, out of stock, and overstock
expenses, particularly in LMICs with limited resources. ARIMA is a time series prediction model with
Because of the importance of medicines and medica#toregression, differencing and moving average
equipment in healthcare service delivery, as well as t§@mponents. It is commonly applied for short to medium
issues of wastefulness and inconsistency in supply afim predictions. ARIMA prediction models’ applicability
demand planning, data-driven prediction models must Bethe health supply chain, may be used to ensure effective
used to accurately predict their demand [9]. This aldpventory management and flow of accurate information
contributes to the management of logistics associated witfile anticipating the consumption pattern of medicines,
both the supply and flow of medicines at different levels ofhich may serve in preventing stock outs or wasteful
healthcare delivery. resources with surplus stock [7,16]. A health institution can

According to a study by Roy and Mitra in 2021, whictProfit from the use of ARIMA models to predict the
concentrated on the use of machine learning for demafi@mand for medical supplies and thus anticipate patient
prediction of essential medicines, their findings confirmefieeds. ARIMA models may also be used to anticipate the
that machine learning-based prediction models have tRgesence and severity of an outbreak using historical data,
potential to optimize the pharmaceutical supply chainvhich can provide helpful information for planning
resulting in reduced expenses as well as more affordaskitable public health interventions. A prominent example
medicine [10]. Similarly, in their study Makridakis et al.of this may be the use of predictive models for a contagious
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illness, which may help decision-makers allocate resourcebich one should provide better accuracy when applied to
for containment, preventative measures, and treatmgniblic health supply chain data generated by the electronic
options, as occurred during the COVID-19 period anbbgistics management information system (e-LMIS).
other infectious diseases [17,18].

ARIMA and LSTM models can both reliably perform3  Methodology

the demand prediction task as they are enabled to depictThis section gives an overview of how we performed
complex trends in time-series data, and in this regard, thgyr research while establishing how to predict the demand
are increasingly being applied to health supply chaigf medicines using selected top five medicines supplied in
forecasting. While these advances in forecasting tasks &®anda. The methodology involved several steps, such as
beneficial in terms of presenting competitive advantagegollecting data, preprocessing data, choosing models, and
they contribute differently depending on how they arfguring out how to interpret their performance for demand

applied and the context or type of dataset applied to [7]. Bediction of medicine as a core forecasting task in public
the context of this study, both ARIMA and LSTM arenealth supply chain.

contrasted in relation to their performance in the health
supply chain, particularly their performance and accuraey 1 Study setting

for predicting the demand for medicines. The adoption and rwanda is a small landlocked country in East Africa

integration of machine learning and artificial intelligencgyjith a t land area of 26,338 km2. According to the findings
in health supply chains such as the application of LSTMk the fifth population and housing census (PHC),
and ARIMA time-series models, provides a competitivgywanda's population exceeded 13.2 million in
advantage, particularly 'ghrough the improved prediCtiQDecember 2022 [22]. The country has promoted the
accuracy and appropriate management of changiggjivery of health care through various initiatives,
dynamics in medicines demand prediction [19,20]. FQpcjyding streamlined supply and consistent availability of
example, the use of LSTM and ARIMA in health supplynegical supplies. In relation to the flow of medicines, the
chains may enable more dynamic and adaptive predictiqt),\is which a digital platform used in all public health

where LSTM time series model may typically targefacilities, helped in the record, storage and visibility of
sudden changes in patient admission patterns, and t ply chain data.

ARIMA models refine short-term predictions based on
recent trends [7].

The adoption of LSTM and ARIMA models for the
demand prediction of medicines provides a valuab
contribution towards data-driven inventory managemengyears’ from January 2015 to December 2022, to perform

. . h mand prediction of medicine. The time frame for
resource allocation, and improved overall operations and_ .. . ; .
e - . rediction has been set out in relation to use of the eLMIS
efficiency in in health supply chains [7]. However, bette

. as both a logistic and digital tool for the management of
accuracy from el_ther LSTM or ARIMA models as well A% ealth products in Rwanda which was launched in 2015.
the choice of which one to consider may be dependent

or suited to a kind of dataset or context [21]. Therefore, The Figure 1 below, shows the trends of to five selected as

e : L . )
have compared these two types of models to determvi¥r%) supplied medicines in quantity.

3.2 Data collection and preprocessing
In our study, we used data from eLMIS for a period of

The trends of quantity of the top five supplied medicines

2000

2015 2016 2017 2018 2019 2020 2021
Years

Figure 1 The trends of supplied quantity for each of the top five supplied medicines by time (2015-2022)
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In terms of data cleaning, we removed outliers arkhown as A type of RNN that has emerged as an effective
handling missing numbers to ensure that the data wasd scalable model for many forecasting tasks that imply
correct. Any mistakes or flaws in the data were fixed ttearning sequences of data [23]. The LSTM cell multiplies
maintain data's integrity. The table 1 presents the totd| c, and h with various weight tensors and processes them
quantities supplied during the study period and illustrategith unique activation functions. Thus, cell memory and
the category for each of the five selected medicines. Asdden state have been adjusted. The next input tensor time
highlighted in the above Figure 1 but also illustrated in thetep will use the recalibrated ¢ and h values. The LSTM
above Table 1, we have considered the top five drugs theatl will produce two outputs, namely the cell memory and
were supplied in high quantity in the Rwanda public healttne hidden state. These outputs will persist until the final

supply chain.
identified that these

After preprocessing our dataset,
top five medicines

wiime step is reached [24]. The equation 1 below provides a
includedlescription of the LSTM model (1):

amoxicillin 250 mg, paracetamol 500 mg, ibuprofen 200

mg, metronidazole 250 mg, and penicillin v 250 mg.

Table 1 The five selected highly supplied drugs

Name of Drugs Quantity Medicine’s
therapeutic grot
Amoxicillin 250 mg 79,167,273 Antibiotic
capsul b/100(
Paracetamol 500 mg | 74,623,247 Anti-
tablet b/1000 inflammatory and
analgesi
Ibuprofen 200 mg 60,479,173 Anti-
tablet b/1000 inflammatory and
analgesi
Metronidazole 250 mg 49,252,008 Antibiotic
tablet b/1000 (nitroimidazole
class
Penicillin v 250 mg 38,029,381 Antibiotic

table b/100(

C; =tanh(X, Y, + G._1Yun +ap)
Ce = ftCooq + 1, C7
G, = o, tanh(C,)
fi = O'(Xtyxf + Hi 1Yy +af)
ip = 0(Xe Y + Gy Vi + @)
0, =0 Xonh + Gt—lyho + ao) (1)

where the cell state is representeddyy which carries
previous timestamp and current timestamp, forget gate
by f, helps to decide wich informations to remember or to
forget, input gatéy i, quantifies the value or importance
of information carried, and gatey o, helps to provide
model output.

X,: input to the current timestamH,_,: hidden state
of the previous timestamp, .. weight associated with the
input, Y,,-: weight associated with the hidden state, and
represent the sigmoid function. The sigmoid layer outputs

numbers between zero and one, describes how much of
o each element should be passed through. A value of zero
3.3 Description of models means "release nothing”, while a value of one means
For model selection, we used LSTM, and an ARIMArelease everything".
for demand prediction of the five selected medicines as The LSTM model is capable of acquiring knowledge
highly supplied. We were interested in contrasting LSTMnd optimizing a mathematical function that takes a
and ARIMA to see which one works best when dealingequence of observations as input and generates a new
with massive amounts of data generated by the sup@iservation as output. According to input-output patterns,
chain for medicinesVe were interested in the comparisorpbservations are collected and organized. This context uses
of LSTM and ARIMA prediction models to see which oney single-step predictive model with numerous input time
works better when dealing with massive amounts of daggeps and one output time step. A Vanilla LSTM model
related to the flow of medicines and information in thgyith one hidden and output layer was used for prediction.
health supply chain. While the LSTM Model is a deeghe 200-layer LSTM model forecast. Every layer used
learning framework that is made to find temporal patterngeLU activation. LSTM model input shape was
in data sequences, the ARIMA model is an econometrietermined by predictor dimensions. LSTM model also
model using a time series forecasting method, in our studhowed predictive consistency in steps and features [25].
we had to set up the model with the right factors for order. while the incorporation of kernel (0.06), recurrent
Both the LSTM and ARIMA models were selected becauge.05), and bias (0.02) regularizers successfully addressed
of their applicability in demand prediction tasks and thughe problem of overfitting in the model, the utilization of a
we intended to validate their performance in advancing tiopout rate of 0.2 was discovered to effectively address
management of health supply chain [19]. the issue of overfitting by selectively eliminating layers at
the specified rate. The aim was to clarify and understand
3.3.1 Description of the LSTM model the model. The RMsprop optimizer calculated the mean
The application of LSTM models has becomequare error of the loss function. In each of the 200
increasingly common as an advanced data analytiGaédrations, the model was given X and Y coordinates. Using
method to address a wide range of issues related to learmingrained model and the previous month's data, we can
from time series data during demand prediction. LSTM igredict future values. Assuming a time step of 6, historical
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medical data can be used to estimate the next six monttws. the selected medicines. This study followed ethical
The basic functionality of LSTM models is maintained byules on data privacy, use and protection. Authors have
a memory cell called the "cell state" throughout theisecured the authorization to access the data as needed and
lifetime. A horizontal line runs vertically from the highestthey have ensured that all the data used were anonymized
to the lowest in the diagram. A conveyor belt transports the preserve data privacy. It is also important to know that

data. this study has some flaws. We acknowledge that the
volume and reliability of data may affect the prediction
3.3.2 Description of ARIMA model tasks that our models did not take into account outside

The ARIMA model uses statistics to look at a set dfactors like policy changes or unpredicted events but in
times. Historical values from time series, such as laggirigrthright terms, the methodology applied was appropriate
values and prediction errors, are used to extract useinlrelation to the dataset we used during our research. In
information. The ARIMA model has three numbers: p, dielation to the assessment criteria that we considered, we
and g, where “p” is the order of the autoregressive termggere able to conduct a thorough analysis and reached
“q” is the order of the moving average terms, and “d” is theelevant conclusions regarding the accuracy and
number of differences needed to show that a time seriepirformance of the applied models. The evaluation metrics
stationary [16]. The ARIMA model, which stands forused to evaluate the model success are RMSE andifR
autoregressive integrated moving average, employs laggeMSE, the errors are approximately squared before. The
data from its optimal results when the predictive variableRMSE gives more weight to larger errors and this may
are both independent and uncorrelated. The processshbw that RMSE is much more useful when the errors are
differentiation serves as the primary method for achievirlgrge and significantly affects the model performance. This
stationarity in a series. In contrast, this procedure involvesoids the absolute value of the error, and this notation is
the subtraction of the previous value from the currentseful in many mathematical calculations. Even in this
value. The variable "d" represents the minimal number afetric, the lower the value is, the better the model will
differentiations necessary to achieve stationarity in thgerform. The R also known as the coefficient of
series. determination, is a metric indicating how well a model fits

It is crucial to note that the differentiation parametem given dataset. It indicates how close the forecasted value
denoted “d”, assumes a value of zero in instances where theguantity plotted is to the actual data values. TheaRie
time series has already achieved a condition of stability. lies between 0 and 1, where 0 indicates that this model does
the context of significance, the terms "p" and "q" refer toot fit the given data and 1 indicates that the model fits
statistical measures commonly used in hypothesis testipgrfectly to the dataset provided.
and statistical inference. The variable "p" is used to denote
the order of the autoregressive term. A "forecasted quantdy Results and discussion
of Y shifts” is a set number of Y shifts used as forecaster. |n this section of the article, we discussed the study’s

The moving average verdict's position in the sequencefifdings, which involved LSTM, and ARIMA models to
"g". Based on the parameters, the ARIMA model mugredict the demand for the selected five medicines, vastly
compute the forecast error. Time series analysis often usegplied in the public health supply chain of Rwanda. The
statistical autoregressive and moving average models. T&&:tion provides a lookout on how well the models worked,
ARIMA model merges autoregressive and moving averaggghlight the most significant findings and which

time series models. As presented through Equation 2, thexdiction model is recommendable model to be used for
autoregressive model describes a situation in which the demand prediction of medicines.

value is decided only by its past values. Previous values of

y_t, called "lags of y_t", affect its value [26]. 4.1 Evaluation of ARIMA and LSTM
time series models
The findings of this research demonstrated that in
comparison to ARIMA models, employing LSTM time
series model for predicting the demand medicine is
promising and more accurate based on its performance. To
] ) . assess the performance and accuracy of the models, RMSE
where, Y_(t-1) is the lagl of the serig,1 is the 54 R metrics were used. These metrics offer insights into
_coefﬂment of lagl .that. the modell estimates andliss the he accuracy and explanatory power of the model. The
intercept term, which is also estimated by the model.  5ssessment metrics for several models, including both the
] ) ) training and testing sets, are displayed in Table 3. The
3.4 Analysis and interpretation of results LSTM model achieved a RMSE of 2.0 on the training set,
The study looked at how both LSTM and ARIMAaccompanied by ar?Bcore of 0.952. These results suggest
models performed in demand prediction of medicineg high level of accuracy for medicine demand prediction.

Time series forecast plots were presented to show how wele LSTM model demonstrated strong generalization
the models could be used in health supply chain forecasting

Equation (2) below, provides a description of the
ARIMA model.

Ye=0+BY1t+BYe ot +BYepte (2
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capabilities on the testing set, as evidenced by its attainfiedm training to testing shows that the LSTM model does
RMSE of 2.043 and Rscore of 0.912. The results indicatenot overfit and performed well through a reworking of a

a relatively low level of demand prediction performanceimilar trend and adaptation to new information. Based on
for ARIMA time series while the accuracy andthese results, the LSTM model can be recommended as a
performance were good and preferably recommendable fseful tool for demand prediction of medicines.

LSTM time series models. Our findings are congruent with

what was shown in a study conducted by Lou et. al. 2022Table 3 Presentation of results fromthe evaluation of models

who examined the ARIMA, deep neural networks (DNN) Model Se RMSE | R Squar
and LSTM models in predicting the burden of diseases. LSTM Train 2.C 0.95:
According to their study, LSTM models perform well as a Tes 2.04: 0.91:
novel approach for making accurate foreacasts of the ARIMA Train 9.3t 0.2¢
burden of pneumoconiosis [21]. On the training set, the Tes 8.92¢ 0.1€

ARIMA model similarly fared poorly, with an RMSE of

9.35 and Rvalue of 0.24. As presented in Table 3, thg >  presentation of plots for time series model
findings of the testing set were equally disheartening, with prediction

> Lo
an RMSE of 8.926 and*Rialue of 0.16, which indicated The plots resulting from LSTM and ARIMA time series

that the model was unable to capture the underly"}ﬁ’edictions are showed in Figure 2, Figure 3. Notably, the

pattg;r;zén é?]e ga;[:%mparative viewpoint of the model LSTM model consistently generated more accurate
results, we understand that the LSTM model does bef%redlctlons than the ARIMA models as the predicted and

than the ARIMA model. The small drop in performanc%:‘::;al amount overlays for LSTM time series prediction

LSTM Time Series Model Plot for Medicine Demand Prediction

Actual
Predicted

Qty in 100,000

2015 2016 2017 2018 2019 2020 2021 2022 2023
Years

Figure 2 Presentation of the plot for demand prediction of medicines with LSTM model

ARIMA Time Series Model Plot for Medicine Demand Prediction

Actual
Predicted

25

20

Qty in 100,000

2015 2016 2017 2018 2019 2020 2021 2022 2023
Years

Figure 3 Presentation of the plot for demand prediction of medicines with ARIMA model
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4.3 LSTM forecast model results for the selected showed a higher performance of the LSTM model in
medicines comparison to ARIMA model, in demand prediction of the
In figures (Figure 4-Figure 8), we present thé&elected medicines. Thus, LSTM models make a best
prediction outcome that the LSTM model made for the fiveption that is recommended for predicting the demand of
drugs that were prescribed the most frequently in Rwandgedicine in the health supply chain. The ARIMA model,
The capacity of the LSTM model to effectively predicdespite its widespread application, demonstrated only
future trends in medicine demand is demonstrated by théB@derate degrees of accuracy for our forecasting task and
visualizations. The LSTM model ability to predict theffom this perspective, at this step, only the LSTM
demand for selected medicines overlaps with regulafifediction plots are presented in figures (Figure 4-
observed behaviour and trends. Overall, our findingggure 8), as follow:

LSTM Time Series Model: Demand Prediction of Amoxycillin 250
14 Actual
Predicted
12
g 10
S
=
o 8
~
£
- 6
-
o
4
2
0
2015 2016 2017 2018 2019 2020 2021 2022 2023
Years
Figure 4 Demand prediction of Amoxicillin 250 mg using LSTM time series model
LSTM Time Series Model: Demand Prediction of Paracetamol 500mg
14 Actual
Predicted
12
g 10
<
o
o 8
~
=
> 6
-
o
4
2
0
2015 2016 2017 2018 2019 2020 2021 2022 2023
Years

Figure 5 Demand prediction of Paracetamol 500 mg using LSTM time series model
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& LSTM Time Series Model: Demand Prediction of Ibuprofen 200mg
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Figure 6 Demand Prediction of Ibuprofen 200 mg using LSTM time series model
5 LSTM Time Series Model: Demand Prediction of Metronidazole 250mg
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Figure 7 Demand Prediction of Metronidazole 250 mg using LSTM time series model
. LSTM Time Series Model: Demand Prediction of Penicillin V 250mg
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Figure 8 Demand prediction of Penicillin v 250 mg using LSTM time series model
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The LSTM prediction plots in figures (Figure 4-management. The study highlighted that temporal models
Figure 8) are consistent with our model’s performanddat use sequential data outperform non-temporal models,
measurements as presented in Table 3 where théh LSTM showing better performance in prediction and
quantitative assessment of our models gives importaamthieving an area under the curve (AUC) of 0.805 [3].
information about how the LSTM and ARIMA modelsAnother study carried out by Nasseri et al. 2023, looked at
worked. With an RMSE of 2.0 on the training set and 2.048e use of LSTM networks and extra tree regressors (ETRS)
on the testing set, LSTM was very accurate. The modeifs tree-based ensemble prediction. The study's findings
ability to explain differences in the data is shown by thpaved the way for future research by suggesting an
high R values of 0.952 and 0.912 for the training set anidvestigation of the comparison of deep learning
test set, respectively. On the other hand, the ARIMA modedchniques and tree-based ensembles in various prediction
did not show good performance, which was clear from thestances. The findings of a such study may inform
fact that their RMSE values were higher and thégderes decision-making in sales management, product flow,
were lower. This stark difference shows that LSTM isperational and other logistic aspects, as well as
better to recommend in medicine demand prediction faromotional tactics with the goal of strengthening supply

public health supply chain tasks chain management [27].
Because medicines and health products are usually so
4.4 Discussion of the results and analytical costly, it is paramount to point out, in relation to the

viewpoints on models’ performance findings of our study, that the use of data-driven prediction

Our study looked at how LSTM and ARIMA IOredictiVemodels is a foregone decision to recommend in the health
models can be integrated in health supply chain forecastin p(;)_ly_chalp as thl's W'Itlj Opt'md'.z.e the z%;;ﬁ.ura.cy olf demand
tasks for demand prediction of medicines. Our resear iction for Se.eﬁte. LTA?C'C'nehS' IIS :(S fo utmost
gave us valuable information about how well these modd[§portance especially in LMICs, where a lack of resources
worked and their implications for health supply Chaiﬁxac_erpates existing barriers to hea]th access [2.8’29]' The
management. Additionally, our study had a broad goal: {g]ﬁllcanons of . ohur Isr,]tudys lflndrl]ngs regarding the
compare the ability of different models to guess and fifghhancement of health supply chain management are
the most accurate model for demand prediction Substantial and may make a significant contribution to the
medicines. The LSTM model showed a better predictior?\]vailability of medicines while streamlining investment
performance, illustrating how well it can be used iptrategies in the supply of medicines .ar.1d preserving cost-
predicting the future demand of medicines. This level Sffectiveness. Accurate demand predictions are crucial for

performance in demand prediction is of great importan@Ptimizing inventory levels, minimizing shortages, or

in the healthcare industry, especially regarding to effecti\péle.rStOCks’ and ensuring t_hat medicines are readily
handiing and management of health-related suppli Yallable to meet patient requirements [10]. The success of
including medicines the LSTM model in this regard suggests that deep learning

When viewed alongside earlier studies, our findings a;gchniques_can con;_iderably boost th? effjciency .Of health
congruent with previous research investigating or maki pply chains. Addltlonally, the practical _|mpl|cat|ons of
a comparison of LSTM and ARIMA models’ deman r research are substantial as for effective health supply

prediction abilities. Azzouni et al. 2020, in their studychain management, accurate prediction of demand of

confirmed the LSTM model’s performance for time Serie’gwedicines is needed. As demonstrated, the higher accuracy

prediction as having greater accuracy when compared%the LSTM model provides health professionals with a

other methods they used. In their study, the LSTM mod}éf"lu?ple tool for optimizing invgntory levels, ensuring that
edicines are always available when needed, and

was compared to some well-known time series prediCtig%inimizing nefficiencies
models from both statistical and computational intelligen :
P g The LSTM Model performed better and presented a

methods, including ARIMA, exponential SmOOthIngnotable finding of our study with a higher performance in

(ETS), artificial neural network (ANN), K-nearestd 4 predicti t th | d medici 0 dv’
neighbors (KNN), RNN, support vector machines (SVM) emand prediction of the selected medicines. Our study’s
dings are important for assuring efficient and effective

and single layer regression (SLR). In terms of accura(l% d ¢ dici il |
measurements, the experimental results demonstrated fRgagement and  flow —of medicines, while also

the LSTM model had a prediction power that surpassed t gntributing to budget a_IIocation and financial aspects (.)f
other approaches studied [24]. In a similar way, o ealth supply qham. With a 95.2% per_fo_rmance rate in
findings, which focused on time series demand predicti mand prediction, the LSTM model exhibited remarkable

of medicines, can be supported in the same context Recision. This accuracy was consistent across different
similar findings were reported in other studies conductééﬂpdes of rIT_1edl|)c.;||_nes£ demons_tr?tmgfthehmodel S atQap?tabllIlty
in different contexts or using different dataset types. FG"d applicability to a variety of pharmaceuticals. In

instance, Hsu et al. 2022, published astudythatfocused%trasn the ARIMA model exhibited less accurate

the prediction of adherence to medical treatment witigrecasts. ARIMA, a conve_nnonal time series method,
temporal modelling in  cardiovascular diseasgxpresse_d dlfflcu_lty capturing the complex temp‘?“?"
patterns inherent in our health supply dataset for medicine
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demand prediction, resulting in less precise forecasts. Qlgep learning for medicine demand prediction in health
findings are consistent with the findings of a studgupply chain forecasting.

conducted by Wang et al. 2021 that focused on the use of

ARIMA and LSTM for demand prediction based on sho’5 Conclusions

lead time and on-time delivery supply, and another study |n summary, our research indicates that deep learning
by Siami-Namini et al. 2018, in which he comparegnhodels, specifically LSTM, exhibit significant and
ARIMA and LSTM time series models. Both studiespotential added values in health supply chain forecasting
findings revealed that LSTM models outperformegasksThe measurement of our models provided important
ARIMA models in terms of prediction accuracy [7,20]. Thensights into how the investigated models performed the
accuracy of ARIMA model was inferior to that of LSTM demand prediction for the five selected medicines. With an
model, when using the dataset from e-LMIS in to prediggMSE of 2.0 on the training set and 2.043 on the testing
the demand of the selected medicines. This, however, de@$ | STM performed well and thus showed a better
not intend to question the prospective use of ARIMAccuracy for demand prediction in health supply chain and
models in different settings of very suitable datasetgerefore, performed well the demand prediction for the
particularly when it is used in combination through hybridelected medicines. The model's performance and ability to
model as illustrated in a study conducted by Siamba et. etect variations in the data were demonstrated by the high
2023, which concluded that a hybrid ARIMA-ANN modelR2yalues of 0.952 and 0.912 for the training and test sets,
produ_ces better predictive and forecast accuracy compargdpectively. The ARIMA model, on the other hand, did
to a single ARIMA model [17]. not perform well, as demonstrated by its higher RMSE
Our research shows that the LSTM model showeghjues and worse 2Rscores. The difference in prediction
potential added value for demand prediction of medicingerformance suggests that LSTM is the best option for
and this makes it a must-have for health professionals Whgedicting demand of medicine and thus contributing to
want to handle their inventory more effectively. Our studealth supply chain forecasting tasks.
highlighted the application of LSTM predictive models in  These models have the capacity to fundamentally
public health supply chain, showing the possibility fofransform the manner in which health institutions predict
more accuracy in demand prediction and reliable optiofigeir demand of medicines and lifesaving products,
to optimize financial management and appropriate use @fsulting in financial savings, improved aspects of
the budget allocated to medicines. The research OUt“n%istics, and more effective use of resources. Health
important insights and showed the necessary supply chaifdfessionals and supply chain managers ought to consider
improvements and advances that enable a smooth flowtré adoption of an LSTM time series model as a means to
health product within the health supply chain while alsguarantee the continual flow of medicines within different
iﬂdicating areas that necessitate further Study. Our StUFé‘{/els of Suppiy chain. The importance of accurate
has limitations, such as the size of the sample and the tigiedictions using machine learning predictive models has
span, which we referred to when building our datasefecome progressively crucial as the demand for health
Future researches should employ larger samples in futgvices continues to expand alongside high budget
studies and investigate additional aspects that mgyplications. We are persuaded that our study's findings
influence the demand prediction of medicines. Furthefave a significant impact in health supply chain
research on a hybrid time series models which mayrecasting, especially for the demand prediction of
incorporate bigger sample size and diverse data sourc@@dicines. The study proposes LSTM as a deep learning
might provide more insights into making accurate forecasfigne series prediction model, for addressing one of the
for the demand of medicines. The integration of machingimary concerns of health sector settings, which relates to
learning and deep learning models in health supply chaigw the demand of medicines is accurately performed. We
provides notable progress health supply chain forecastiaguld want to call more study focusing on machine
by enabling an accurate prediCtion of medicines’ demaf]@arning and deep |earning approaches and their use in
which is a critical Component to ensure aWG”-COOfdinatq%aith Suppiy chain forecasting for ensuring an open to
|OgiSticaI function and health service delivery. Itis deemel(aust and reliable evidences to inform decision_making
pertinent to streamline the flow of medicines and relevagtocesses on their adoption and implementation. Finally,
|OgiStiC information for Optllelng the avallablllty of and improving health Suppiy chain forecasting through
accessibility to medicines, especially in LMICs’ publicaccurate demand prediction of medicines will facilitate the
health settings, as highlighted by Kaushik et. al, aftefelivery of health services, optimized resource allocation

examining the benefits of time series prediction models ghd improved logistics throughout the entire healthcare
their study [30,31]. The findings of this study aresystem.

unguestionably intriguing and have confirmed the bridge

between specific fields such supply chain, logistics anguthor contributions: ~ All  authors, collectively

information management. Similarly, the findings of ougontributed to study conceptualization, methodology, data

study validate the potential use of machine learning anghalysis, and discussion of the results. They have reviewed
and approved the final manuscript for publication.
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Abstract: Material management is a critical component of any organization, as it encompasses the efficient and effective
handling of materials throughout the entire supply chain process. Just-in-time (JIT) strategies play a vital role in
streamlining the supply chain process and minimizing waste. The paper examines the optimization of JIT production
management, quality, and maintenance planning in the context of material management. An integrated model is proposed
based on optimal control theory to formulate a set of innovative systems dynamics that consider quality decline in a
stochastic context. The model also includes random demand fluctuations through a stochastic diffusion process. The
objective of the model is to enhance company competitiveness by satisfying a service level constraint and jointly
optimizing the JIT production and maintenance control parameters to minimize inventory levels and reduce the total cost.
The findings reveal significant interactions between costs and control parameters of both JIT production and maintenance
strategies due to their close relationship, leading to the conclusion that the development of an integrative model is more
cost-efficient than managing them independently. A comparative analysis further enhances the study by highlighting the
potential cost savings in implementing the suggested collaborative control strategy. Overall, the paper contributes to the
literature on material management by addressing the research gap in the optimization of JIT production management,
quality, and maintenance planning under a stochastic context.

1 Introduction lot size while minimizing overall production, energy, and

Delays and extra expenses may be incurred if tHgaintenance expenses. [2] developed an integrated
materials required for specific activities are unavailabl@roduction and trading control strategy for unstable
highlighting the importance of ensuring a timely flow ofmanufacturing ~ systems  subject to cap-and-trade
materials. For effectively managing and controllindedislation. The policy directs managers to decide whether
materials, it is essential to measure the performance fbuy or sell permits or increase/decrease production rates
materials management, devise effective maintenant®minimize overall costs and reduce carbon emissions. [3]
strategies, cope with quality issues, analyze the effects@jtalyzed a proportional risk model and maintenance
deterioration, consider the effect of random demand, efirategy with many maintenance activities and dynamic
In the next paragraphsl we review the literature regardiﬁ@ﬂtrOl limitations. Condition monitoring is used to detect
these common production disturbances. system degradation, and corrective maintenance activities

Maintenance activities have traditionally been vieweare established using the system age at failure and
in conflict with production activities. To minimize thesedeterioration at the start of the production run. [4]
negative effects, considerable efforts have been madec@mpared push and pull disposal inventory controls for a
devise approaches to better align such practices. H¥forid system with manufacturing and remanufacturing
example, in [1], an integrated model was developed thfatncnon_s and concludeq that increasing the dlsposal rate
examines demand predictionS, machine Varianc@SUltS in reduced Val:lance Val.UeS. [5] examined the
production rates under energy restrictions, and tWBanagement of a hybrid production system that handles
relationship  between production cadences arfeW Or returning materials during the manufacturing
maintenance techniques. The aim is to determine the id®&pcess. An intuitionistic model was created to explain
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financial benefits and make judgments about employimgachine availability, improve product quality, and reduce
remanufactured components in production processes. production costs.

In the sphere of manufacturing, organizations Material managementis crucial to ensure a timely flow
consistently face difficulties in overseeing their activitie®f materials and avoid unnecessary delays and expenses,
and procedures related to the management of materighich can be achieved through the application of just-in-
meeting production goals, and maintaining high-qualittime strategies that focus on on-time delivery, inventory
standards, as in [6], who proposed a paradigm fturnover ratio and reduced lead time, such as the paper of
increasing production quality performance throughout tHd6], who suggested numerous routing options for just-in-
system ramp-up phases of manufacturing. They studiéche completion in hybrid flow shops. These solutions
two strategies, predicting difficulties during design aneémploy distributed computing to anticipate the completion
continually improving the performance metrics. [7]durations of unfinished activities in real-time. [17]
investigated production and maintenance scheduling for ariroduced a novel manufacturing paradigm that attempts
unstable manufacturing system, with an emphasis on just-decrease warehouse space while eliminating non-value-
in-time strategies. This study underlines the value of J&dding procedures. They focused on synchronization and
approaches in reducing the total production cost. [8Incertainty hedging and employed a manufacturing
provided an effective stochastic analytical model foplatform with Internet of things-enabled infrastructure.
integrated production and preventive maintenance conti@B] presented an optimization model for single-machine
in manufacturing systems that experience degradationsscheduling that reduces weighted earliness/tardiness
reliability and quality. The model optimizes the productiompenalties and work-in-process expenses for a just-in-time
and maintenance settings while minimizing the overathanufacturing system. The model was tested against an
cost. [9] presented an effective control strategy thaixisting model and shown to produce optimal solutions for
integrates four key choices to coordinate remanufacturingp to six tasks with significantly less computing time than
manufacturing, return replenishment, and quality contrédrger models. [19] provided a strategy for optimizing the
while reducing the overall cost and achieving client qualitgfficiency of an existing mixed-flow assembly line using
requirements. [10] introduced a model that seeks #n upgraded genetic algorithm and simulation. The
develop optimal production plans, preventive maintenantechnique consists of a multi-objective
measures, and control chart criteria for quality monitoringnathematical model based on the minimal production
Non-conforming items are available for rework, resultingycle, part consumption balance, and just-in-time
in lower average costs. supply of parts. [20] employed a task batching method to

Traditional optimization models for maintenancalivide jobs into batches, an optimum shifting algorithm to
strategies for sophisticated systems must consider tthetermine start timings and a dominance rule for early/late
effects of dependency, such as the degradation sftheduling for just-in-time production scheduling.
components. Several works address deterioration aspects,The role of logistics operations has grown to become a
such as the article of [11], which focused on productiocritical aspect of a firm's competitive strategy. Various
planning for an unreliable, degrading system, with aelements, including the expansion of global business,
emphasis on machine deterioration on availability ardnited internal capabilities, and uncertainty can
quality. They determined the production rate andignificantly influence businesses. Numerous researchers
replacement strategy to reduce the total discounted costave examined the impact of demand uncertainty on
In [12], a hybrid manufacturing system was proposed thaperations. For instance, [21] addressed a stochastic
divided the production time between manufacturing andlynamic distribution issue in which products are shipped
remanufacturing. Equipment is prone to degradation owirfgppm a warehouse to a distribution center with random
to the variety of returned items. [13] proposed a model faiemand. They provided an optimum selection policy based
integrating maintenance plans and spare parts managenmntnventory thresholds and used a simulation model to
in a manufacturing system with a constantly growinglustrate its resilience and performance. [22] investigated
deterioration rate. This model considers the influence tfe optimal production flow control for a manufacturing
variations in production rates on system deterioration amdmpany with random demand and uncertainties in price
demand for replacement components. [14] presentedaad cost. Their best production strategy is a state-
mathematical model for preventive maintenance thdependent hedging policy that produces only when costs
considered inventory, maintenance, and backlog costs. T&ie low and the surplus falls between the two hedging
control policy comprises switching and hedging pointghresholds. [23] proposed a supply chain management
preventive maintenance activation, and production rateodel that includes a configurable production rate and
management to reduce the surplus of a system wiphice discount for backorders. The model seeks to reduce
degrading machines. [15] optimized a production systesupply chain costs by optimizing the production rate, lot
with a machine that deteriorates with time, affectingize, and number of shipments under random demand. [24]
machine availability and increasing the defective produthe study looks at a capacitated periodic inventory review
rate. The objective was to develop a combined policy faroblem, with an emphasis on the optimal management of
production, maintenance, and quality control to increasaw material and final product stocks, considering random
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demand and supply. [25] Combined nonperiodic

preventive maintenance and production planning dZ,(t) = —b,dZp(t) + o, W, (t) (2)
optimization for a manufacturing system that includes Zp(0)=128,Z5>0

many machines placed in series with random demand. 70N (O oj)

Experimental findings were provided to investigate the b "2by

effect of failure rate thresholds on preventative

maintenance measures. WhereZ, (t) is the random component of the demand,
As can be seen from the above papers, the connectfan is the coefficient of variationg;, is the diffusion

between production and maintenance strategies is cruck@efficient and¥; (t) represents the Wiener process (3).

but further research is necessary in this domain. Existing

studies have not fully explored their impact on critical D(t) = pp + Zp(t) (3)

factors such as the presence of uncertainties, product

quality, and the use of JIT strategies to minimize costs. To simplify matters, we defingy, as a constant

Therefore, this study focuses on developing @omponent of the demand. The age of the producing unit

comprehensive optimization approach for determining the(t) is a function of the operating time, and this age returns

control parameters of a just-in-time production strategi the original value according to the most recent major

and perfect maintenance policy. The analysis examines th@intenance conducted, as follows (4), (5):

intricate interactions among key strategies, such as

production, quality control, and maintenance management, da(t) u(t) )
under conditions of high uncertainty. Furthermore, the ot o
model considers service-level constraints and random a(T)=0 (5)

demand modeled through stochastic diffusion processes. _
Despite the existing models in the literature, none appear Parameter;, is a constant and T represents the lastest

to holistically consider all the points addressed in thigstart of the unit. The quality degradation effect is

study. represented by the following equation (6).
The remainder of this paper is organized as follows.
The second section outlines the suggested control model B (a) = by + by[1 - e—nla(t)”Z] (6)

formulation, while Section 3 introduces the methodology

u;ed in this study. Section 4 despnbes and validates the |, the following equationb, represents the defective
simulation model developed. Section 5 presents the resylig, o the initial conditions, denotes the maximum limit
and discusses a numerical example along with an extens,

Ofeterioration, andj, andz, are nonnegative constants.
sensitivity analysis to highlight the technical benefits of th h , : d]l. AN °g . .
e system's availability in the operating mode is defined

proposed approach. Finally, Section 6 concludes the stu Y. 7). (8)

2 Formulation of the production model IT-0()=0 and¥3, /7 =1 @)
A Markov process? = {1,2,3} defines the system's ' 1

uptime and downtime. The process is governed by the VA (8)

generato (-) = {qqq ), Whereq,,, are the transition rates 1+ 412/ %1 + G13/95

for statesx to ', with g, > 0, anda, o' € Q. When the
stochastic procesg(t) is in statea(t)=1, the machine is
operational; at(t)=2, the unit is in minor maintenance,
leaving the machine in as-bad-as-old conditions (ABAO
and at a(t)=3, major maintenance is performed,

Furthermore, decision-makers should ensure that the
manufacturing unit can satisfy the demand even when it is
severely deteriorated. Consequently, the following
easibility requirement must be satisfied (9).

rejuvenating the unit to its initial settings. The dynamics of D(t)

stock level x(t) are described as follows (1): Upax " T =2 77— 9

(1-p@)
ox(t) ® D(¢t) ) _ . :
o U (1 — ﬁ(a)) The model also included a service-level constraint (10).

TTlO

Whereu(t) is the production raté)(t) is the customer NS()=1- [T_] (10)
sim

demand, and3(a) is the faulty rate. Given such a
production model, we hypothesize that demand displays FundamentallvT... represents the simulation time
random behavior, as represented by a stochastic diffusio Yilsim T€P '

process. We used an Ornstein-Uhlenbeck process wil ereaT;,, denotes the period when.the client dema’.‘d is
white noise, which defines the following stochastid 0t Met Thg fundamental hypothesis .Of the ”?Ode' IS to
differential equation (2). develop a just-in-time (JIT) production policy. The
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hedging point policy supplements the production of JIperformed throughout the period [0,T]. Minimization

policy as follows (11), (12): implies the following stochastic model (17):
Whena(t) < Byr, Min TC(Z,,B)r,A,) = lim (IB(t) + QC(t) +
u'(1,x,a) = . MC®) (A7)
tmax if x(®)<0 Subject to:
D/(1-B@) if x(®)=0 A1) ns) < NS,
0 if x(t)>0 Equations (1)-(9) (Inventory and quality dynamics)
Equations (11)-(13) (Control policy)
Whena(t) > By, Zp,Byr,Ag 20
w(1,x,a) =
Umax if x(t)<z, The practical implication aiS,, is that it indicates the
p/(1-B@) if x(®)= Z, (12)  service level required by customers.
0 if x(t)> Z,

3 Methodology
In Equation 12, as the system deteriorates and reachesOwing to its flexibility and capacity to reproduce
ageBy;r, some inventory,, is maintained as a safeguardstochastic dynamics, a simulation-optimization technique
against defects and breakdowns. According to tHeas proven to be effective in establishing the best control
specification of the maintenance policy, majoﬁettings when dealing with such uncertainties. This section
maintenance occurs when agé) exceeds trigger point outlines the selected method. We specifically used
A,. Therefore, the plan for major maintenance implies thatmulation and optimization approaches to properly model

(13). the dynamic behavior of the production unit. We created
an analytical model and then used the high flexibility of the
1 ifat)=A4 simulation approaches to find a solution. Statistical studies,
o' (1,x,a) = { 0 (13) . . . .
o 0 otherwise including experimental design and response surface

approaches, have also been utilized to optimize the model
In practice,4, is the age that which major repair isparameters. This method has been successfully utilized in
initiated. The optimization parameters are also importagagrlier research on systems with challenging analytical
considerations for the model. The inventory-backlog cosplutions [7]. The suggested control model was solved
IB(t) in period [0,T] was determined using the followingusing the technique described below, taking these actions
equation (14): into account.
I.  Mathematical formulation: in this phase, the
1 (7 mathematical formulation of the manufacturing unit under
IB(t) = 7[ (C*x*@®+Cx"(O)dt  (14)  analysis is carried out through a series of equations that
0 with define the dynamics for inventory and machine age; it is
also determined the stochastic differential equation used to
model random demand, as well as the equations used to
define production and repair control policy. Equations (1)-

ConstantsC* and C- punish inventory costs and (17) are used to model the industrial system analytically.

shortages, respectively. The average overall quality cosél‘ Simulation model: in this stage, a simulation

0C(t) is calculated using the average cost of defec@OdeI is created that includes both discrete and continuous
C,.; per unit of time as fol%ws (15): 9 components, with the goal of capturing the dynamics of the
def .

production system. The control parametefs, B;;r, 4,)
1 T specified in the preceding phase defined the input of the
QC(t) = _<Cdeff (B() -d)dt) (15) simulation model. Additionally, the simulation model was
T 0 validated during this phase.
Il Statistical analysis:this phase entails conducting
The average MC(t) for the maintenance cost includeg ANOVA study to determine the relevant control factors
both the cost of minor maintenance and the cost of majghd their interactions that must be addressed in the
repairs (16). minimization. Consequently, simulation results are
L required to perform such an analysis, which leads to the
definition of a second-order regression model for total cost.
M = T (o Na(®) + Cu - Nu(0)  (16) Statistical analysis was perfo?med using an experimental
design with three replicates.
In the current problemyg(¢) andN,(t) representthe |y,  Optimization: in this stage, we specify the
number of minimal repairs and major maintenancgxperimental domain for the control parameters

xt = max(0,x)
x~ = max(—x,0)
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(Z,, By, A,). The goal is to apply the response surfac® replicate the dynamics and flow of the proposed
approach to optimize these parameters while lowering to@floduction system. The Arena simulation software is used
costs. Consequently, the regression model employed in thedevelop the model, which uses control parameters and
previous phase was optimized, which required severtiie Runge-Kutta-Fehlberg algorithm to update differential
simulation runs. The response surface determines tiguations for the stock level and machine age. The model
optimal control factorsZ;, B}, A;) and optimal cost. estimates the random duration of failures and maintenance
V. Sensitivity analysis: in this stage, a variety of actions, and a C++ subroutine defines the continuous part

actions are performed to validate the chosen approach &dhe model that simulates the trajectory of the stochastic
ensure that accurate results are produced. The initial tasklierential equation of random demand. The discrete and
to track various important simulation model performancgon“nuous .SGC“OHS were SynChror“Zed to |m|tat-e uncertain
indicators to ensure that the simulation model accuratéf@nufacturing — system  features.  Production  and
captures the dynamics and stochastic behavior of tAedintenance strategies are implemented based on the
manufacturing unit. Furthermore, the variability of mangontrol rules denoted in Equations (11)-(13), and several
costs and system factors was examined to analyze fR@dules detect the machine’s stock level and age to trigger
robustness of the proposed control strategy. This sectiorligior maintenance and adjust the production rates. After
supplemented by a comparative analysis that focuses on'fa@ simulation run, the indicators define the average stock

economic cost reductions provided for our approach.  level, backlog, defective cost, and repair cost using
Equations (14)-(16). Simulation-optimization approaches

are an efficient alternative for providing adequate solutions
vgithin a reasonable time.

4  Simulation model
The idea behind the procedure involves creating
combined discrete-continuous simulation model (Figure 1)

o

Random l
L’“,E | demand
l Random failures ’—L—) State equations: Maintenance
policy B

ax(t) © D(t) \ J
ot YT -pa) s
da(t) JIT production

A

= 1o - u(t)

ot policy

Inventory
levels update

3

Quality | i

| .
deterioration L Age update ) > Flag B
/$ / Performance

7 indices

Figure 1 Smulation model

4.1 Evaluation of the smulation mode experiences malfunctions and failures tat 90 (see
The simulation model was evaluated to ensure accuragycle 2). Then, at = 150, the system reach&g; = 150

of the results. The key metrics of the system's performanaad inventory increases from zerdip= 20 (see circles 4

are monitored, and Figure 2 shows the dynamics of théd 5). Changes in inventory thresholds indicate that

production system when the control parameters are setcigmulative degradation leads to increased defects,

Z,=20, B;;7=150 andA,=250. The system is in AGAN requiring more inventory to satisfy the demand using

conditions whert = 0 (see circle 2 in Figure 2) and thendefect-free units. At = 240, the system produces at a rate
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d/(1-B (a)) (see circle 6), which is given to mitigate thea novel degradation cycle (see circles 9-11). The
generation of non-conforming units originating from thé@ssessment of the dynamics in Figure 2 demonstrates that
deterioration process (see circle 7). When the systeHl production and the major repair strategies function
surpasses agé, = 280, it performs a major repair (Seecorrectly. Once the system surpasses the reference age
circle 8), thereby reducing inventory. The rate of defectr, SOme inventory is required to mitigate shortages; if
significantly decreased after the major repair, as the system ages abovd,, major maintenance is
rejuvenated the system and removed the defects. Té¢mnducted.

inventory level was set back to zero, indicating the start of

00 o
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(a) 130 P s :
0 2 e e |‘/® I
s 1 _'_'__'_,_,_,—'—'—
o i | . \. o
o 1 230 [ 300
e i. DorEe ITVIE _i _
i —1i
Defectives rate 3o i = 1
= 1 =
(b) - ! i
° e — L L "
]
i
1
1
1
1

300

1
LR ¥
Inventory level 20 A"/CD M
(© e ——x v/
By 2} 1 P H 300
H = H
" 1 :
"t POFEC\I’ 12 : ‘\® E
(d) ‘
i ! :
i i

Production rate

(e}

Failures

(f)

Major maintenance

(g

T
Pl

Dy

Random demand

(1)

]
T
1
1
1
]
]
]
]
I
1
lI
- 5
I
I
1
|
1
1
!

230

Figure 2 Graphical validation of the simulation model
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5 Result and discussion times: (33x4) = 108. The simulation was set to 100,000

For illustrative purposes, 108 simulation runs werme units to ensure steady-state conditions. The
performed using a design of experiments replicated foparameters of the numerical example are listed in Table 1.

Table 1 Data for the simulation model

Parameter: 012 (0731 013 031 0
Value 0.1 1t 5 0.1t 0.0¢

Parameter: Umax d Mo bo b1 Cw
Value 9 5.5 0.1 0.01 0.4¢ 300(¢

Parameter: m 2 c C Cr Cef
Value 15x10"-6.2 2.4 1 50 10C 20

Table 2 shows the levels of the independent variabl&s; < A4,, we defineB);; = k - A,, where k ranges from 0
(Z,, Bjir, A,) Utilized in the simulation instance, whichto 1.
were determined by offline executions. To ensure that

Table 2 Control parameters

Factor Lower level Higher level Description
Z, 10 150 Optimal inventory level
k 0.1 0.¢ Auxiliary variable
A, 40 300 Reference age for major

maintenanc

The simulation model produced sufficient data to
construct a second-order regression model for total costTable 3 shows the ANOVA results for the aforementioned
equation, indicating a correlation valueR3= 0.902. This
statistic indicates that the regression model explains 90.20
percent of the observed variability in total cost.

TC(Z, k,A,) = 540.589 - 3.80285*Zp - 353.417*k -
2.20742*Ao + 0.0117889*Zp"2 + 1.18843*Zp*k +
0.00374364*Zp*Ao + 477.796*k"2 - 0.225722*k*Ao +

0.00522249*Ao"2 (18)
Table 3 ANOVA results

Source Sum of Squares Gl  Medium Square F-Ratio P-Value
A:Zp 83008. 1 83008. 22.01 0.000(
B:k 188873 1 188873 50.0¢ 0.000(
C:Ac 36562.( 1 36562.( 9.7( 0.003:
AA 40042. 1 40042. 10.62 0.002:
AB 26575.. 1 26575.. 7.0t 0.011:
AC 27853. 1 27853. 7.3¢ 0.009:
BB 70130.! 1 70130.! 18.6( 0.000:
BC 3306.4¢ 1 3306.4¢ 0.8¢ 0.354:
CC 93478.! 1 93478. 24.7¢ 0.000(
blocks 562.85! 1 562.85! 0.1t 0.701:
Total erro 162139 43  3770.6
Total (corr.’ 732532 53

Table 3 presents the P-values of the main factors aR@jure 4 shows the optimal solution, which is presented in
interactions included in the ANOVA, where we identify inTable 4. The variable* = 0.2609 leads tB;; = 45.35.
red the significant factors that must be included in thghe optimal parameters presented in Table 4 are the
optimization phase. A P-value lower than 0.05 indicatgsroposed values for concurrently regulating production
strong evidence that such factor has a significant impact pace and major maintenance performance.
the total cost. Figure 4 presents the regression model
projection for the total cost in two-dimensional space.
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Table 4 Optimal value of the control parameters

N . . Estimated Total
Zp k Ao Cost
Control 120.539 0.261 173.771 73.47
factor
5.1 Sensitivity analysis as a safety reserve. Furthermore, we discovered that

In the sequel, we evaluate the sensitivity of variougroduct shortages resulted in a drop in the criticaBage
costs. Table 5 presents the results of the sensitivity analyisigplying that the unit applies the JIT approach for a shorter
of the most typical costs. amount of time, allowing inventory to be maintained for

»  Variability of the shortage costs: as the shortagenger. The increase in the shortage cost puts huge pressure
cost increases (case 4), the lack of product is punished the system's performance; thus, major repairs are
more harshly. As a countermeasure against shortagpsstponed to guarantee that the machine remains in
inventory levels increase, resulting in an incremerff,in operation for a longer duration and to prevent shortages.

Table 5 Variability of the cost parameters (1 and | indicate theimpact of varying the cost element)

Optimal control parameters Total Effect
cost
Par. Value Case z, k B)r A4, (%)
Base case 120.53 0.261 4535  173.77 73.47 -

C+ 0.5 case 139.4¢ 0.11¢ 20.7: 175.5( 28.1¢ Zp1,Bjit],Ao1
2 case 97.1: 0.417 72.8. 1747 127.5¢ Zp|,Bjit1,Ao1
C- 20 case 88.31 0.46: 82,5 178.3¢ 80.5¢ Zp|,Bjit1,Ao1
70 case 130.3: 0.18¢ 32.6¢ 174.0¢ 55.2¢ Zp1,Bjit],Ao1
Cr 20 case 120.5: 0.261 45.4: 173.9¢ 66.1¢ Zp|,Bjit1,Aot
50C case 120.6¢ 0.26( 44,97  172.7( 110.0¢ Zpt,Bjit},Aol
Cwm 100( case 122.3( 0.25¢ 42.0:  163.9¢ 65.9¢ Zp1,Bjit},Aol
500( case 119.1: 0.26¢ 48.0¢  181.6¢ 80.21 Zpl,Bjit1,Aot
Cet 5 case 118.7¢ 0.26¢ 48.37 182.1¢ 60.2¢ Zp|,Bjit1,Aot
50 case 1 124.1: 0.25: 39.5¢ 156.5¢ 97.82 Zp1,Bjit],Ao1

=  Variability of the cost of major repair: The Furthermore, a careful study of the rise in the @st
increase in the expense of major repéivs(case 8) causes demonstrates that the system has opted to increase the
delays in maintenance and increases the agg,.oThis inventory level to ensure that consumers are satisfied with
result is explained by the fact that the system must attdfultless units. This strategy was supplemented by
greater degrees of deterioration to compensate for the higivering the critical age d,,, allowing for a longer time
expense of major repairs. Furthermore, the goal €br inventory policy implementation. When the cost of
performing fewer major repairs is to allow the system tfaulty items is reduced (Case 9), the opposite consequences
run for longer periods of time without interruption,occur.
resulting in an increased production capacity and a lower An argument can be made to assert that the structure of
priority for stock maintenance. Thus, this operation lowettsie control strategy in Table 5 is robust and consistent
stock levelZ,,. Furthermore, when the production timethroughout the analysis.
increases, the JIT approach is extended, which increase the
age ofB;;;. The reduction in the major repair cost had th.2  Sensitivity of the Ornstein-Uhlenbeck process
opposite impact (case 7). Our primary concern in the present subsection is the
= Variability in cost of defectives: With the increaseanalysis of the variability of the stochastic differential
in the cost of faulty component§qs (case 10), it is equation parameters; and b,, which describe the
observed that major maintenance is carried out mog@namics of random demand. Table 6 presents the results
frequently to rejuvenate the system faster and limits ti@ the sensitivity analysis.
number of non-conforming units found by the end user.
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Table 6 Sengitivity for the Ornstein-Uhlenbeck process parameters
Case o4 b, Z, k* Bjr A; Cost* Service level
Base case 0.6 15 120.539 0.261 45.351 173.771 73.474 0.910
Sensitivity foro,
case 1 0.1t 1.t 120.05: 0.26¢ 46.48: 174.60° 74.77. 0.907
case 1 0.7 1.t 121.03: 0.25¢ 44.90¢ 173.28! 73.61¢ 0.917
case 1 1.2t 1.t 122.04- 0.25:Z 43.20¢ 171.56t 71.46( 0.92(
Sensitivity forb,
case 1 0.€ 0.2t 126.92! 0.16¢ 27.53: 163.87! 51.10: 0.94:
case 1 0.€ 1 121.03 0.25¢ 44.34¢ 173.34: 73.04¢ 0.911
case 1 0.€ 1.7¢ 120.14 0.26: 45.48: 173.74 73.61. 0.91:

* \Variation of parametep,: As parametetrs_1 5.3 Servicelevel constraint senstivity
increases (case 13), major repairs are performed moreln the following subsection, Table 7 examines the
frequently to reduce the production of defective unit$mpact of service-level constraints. The resulting service-
Additionally, increasings; indicates that the production level regression equation is as follows.
unit tends to increase inventory levg) to ensure that
demand is met with defect-free products. This stepis paired  NS(Z,, k,A,) = 0.747988+ 0.00223376*Zp -
with lowering the reference adg; to extend the amount 077464*k + 0.00121354*Ao - 0.00000650*Zp"2

of time during which the inventory strategy maintains more -0.00109992*Zp*k - 0.00000094*Zp*Ao -
stock to guard against demand fluctuations. This action 0.175613*k"2 - 0.00044982*k*Ao
allows for the availability of a greater stock to replace -0.00000281*A0"2 (19)

faulty units as needed. Increasing the paramgtezsults
in an increase in inventory owing to increased demand Further investigation shows that varying the service-
fluctuation and the requirement for greater protectiomevel parameteNS, leads to the following implications.
When parameter, declines, there are inverse impacts (see =  Variation of the service level constraint: As the
case 11). service level parametelNS,, drops (case 22), major

= Variation of parameterb;: By increasing maintenance is conducted less often, increasing his is
parameterb, (case 16), it is observed that majoibecause of the need to keep the system operating for a
maintenance is performed less frequently because theréoisger duration to prevent product shortages. As the
less variation in the fluctuation of demand in the short terragrvice level decreases, the inventory leiels expected
which increases agd,. Additionally, the just-in-time to decrease, as the requirement for greater safety stock
policy is used more frequently, which increases the agecreases. Furthermore, when the service level is lowered,
B, because demand varies less in the short term, and lgssjust-in-time strategy is postponed, because maintaining
inventory is required for protection. As a result, the stodkiventory at low service levels is unnecessary. When the
level Z,, decreases. When parameberis reduced (case service level increased, the outcomes were inverse
14), the converse occurs. (case 17).

Table 7 Sensitivity of the service restriction

Case IeSveerI\;\IICSeL Z, k* Bjr A; Cost*
(%0)
case 1 94% 120.27( 0.26¢ 45.98t¢ 173.94: 73.48(
case 1 92% 116.42. 0.31« 55.45¢ 176.76! 74.70¢
case 1 90% 112.74 0.361 65.06! 180.15! 77.93¢
case 2 88% 109.21¢ 0.407 74.86! 184.08: 82.94"
case 2 86% 105.83! 0.45( 84.89:. 188.48! 89.54!
case 2 84% 102.62( 0.49: 95.18! 193.35: 97.56!
5.4  Comparative study e Policy-B: This option does not implement the JIT
For the sake of completeness, we evaluate the policy. In this case, the production strategy focuses
performance of the suggested polid,,B;;r,4,), also only on establishing the appropriafg, inventory

known as Policy-A, to other policies found in the literature.  level, which remains constant across the time period
under consideration. This option does not include
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control factorB,,; in the optimization. Thus, Policy-B therefore there are only two control parameters

includes only the parameterg,(4,) in the control (Z,,4,), one devoted to the optimal value of the stock
policy, which are jointly optimized. This policy level and another parameter to indicate the age at
assumes random demand. which the major repair is performed.

¢ Palicy-C: The control policy does not apply the major  Policy-E: This policy uses constant demand and just
maintenance strategy; instead, inventory level and age two control parameters, one for stock level and one for
are used to implement the just-in-time policy. age, to execute the just-in-time poli€yZ,,B);r).
Therefore the control parameters are jU&},B;r). ParameteA,, for major maintenance is discarded.
This policy assumes a random demand.

» Policy-D: In this policy, a constant demand is Table 8 shows the findings of the comparison analysis.
considered, and the just-in-time policy is not applied,

Table 8 Compar ative study
Descripcion Z; k* B; A; Cost* Cost
P JIT 0 difference
Policy-A 120.2} 0.264: 45.9¢ 173.9¢ 73.4% -
Policy-B 104.0° - - 159.7¢ 113.8. 54.92%
Policy-C 90.9¢ 0.500¢ 100.1: 20C 128.0! 74.25%
Policy-D 103.7: - - 161.1¢ 11218 52.62%
Policy-E 90.75¢ 0.506: 101.2¢ 20C 128.0( 74.22%

Regarding Policy-C, had the greatest cost of ttproduction and maintenance strategies, leading to the
comparison because it separates maintenance decisiconclusion that an integrative model is more cost-efficient
from the optimization; this policy exclusively optimizesthan managing them independently. However, the
the production parameters,(B);r). Policy-lll reduces limitation of the study is the assumption that quality
inventory levels and extends the zero-inventory policydeterioration follows a certain known pattern, whereas in
However, postponing major maintenance has significampl‘actice, the generation of defectives exhibits random
increased the total costs by generating more defects. 1behavior. Therefore, in future studies, random generation
cost increase of Policy-E is observed as a result of defectives will be explored.
separating the optimization, manufacturing, and repair
control factors. Table 8 validates the key economic beneffgeferences
of Policy-A, as it clearly indicates that Policy-A always hadi1] HAJEJ, Z., REZG, N.: An optimal integrated lot of

the lowest cost compared to other choices. sizing and maintenance strategy for multi-machines
system with energy consumptioninternational
6 Conclusions Journal of Production Research, Vol. 58, No. 14, pp.

This study explores the optimization of just-in-time 4450-4470, 2019.
(JIT) production, maintenance strategies, and quality https://doi.org/10.1080/00207543.2019.1654630
control for material management in organizations. Th&] ENTEZAMINIA, A., GHARBI, A., OUHIMMOU,
main objective of this study is to fill the research gap by M.: A joint production and carbon trading policy for
investigating the impact of JIT strategies on the efficiency unreliable manufacturing systems under Cap-and-trade
and effectiveness of organizations. Four key factors regulationJournal of Cleaner Production, Vol. 293, p.
motivated this research: the consideration of the interaction 125973, 2021.
of the strategic functions of production-quality- https://doi.org/10.1016/j.jclepro.2021.125973
maintenance, the determination of optimal factors dB] ZHENG, R., ZHOU, Y., GU, L., ZHANG, Z.: Joint
production and repair strategies based on system optimization of Lot Sizing and condition-based
degradation levels, the implementation of a zero inventory maintenance for a production system using the
just-in-time strategy before the system reaches a certain proportional hazards modeComputers & Industrial
age, and the need for repair policies based on product Engineering,  Vol. 154, p. 107157, 2021.
quality data that consider the relationship between system https://doi.org/10.1016/j.cie.2021.107157
deterioration and non-conforming units. To achieve thi@#] ATA, M., CORUM, A.: The impact of return disposal
objective, an integrated model based on optimal control on order variance in a hybrid manufacturing and
theory was developed to formulate a set of innovative remanufacturing system,|EEE Transactions on
system dynamics that considers quality decline in a Engineering Management, Vol. 70, No. 7, pp. 2574-
stochastic context with random demand fluctuations. The 2583, 2023. https://doi.org/10.1109/tem.2021.3127755
findings of the research revealed significant interactiof§] DINLER, E., ATALAY, K.D., IC, Y.T.. An
between the costs and control parameters of both JIT intuitionistic fuzzy linear mathematical model to
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Abstract: This study intends to investigate the effect of a company's corporate governance aspects, measured by the size
of the board of directors, on sustainable growth and the role of innovation efficiency as a moderating variable. The samples
were taken from manufacturing companies listed on the Indonesia Stock Exchange (IDX) for the 2017-2021 period using
purposive sampling. There were 44 companies that met the criteria. The technical analysis used is Partial Least Square
(PLS-SEM) with WarpPLS 8.0 software, which is reliable for processing small samples. Stochastic frontier analysis
(SFA) analysis through Frontier 4.1 is used for the measurement of innovation efficiency. The results of this study show
that corporate governance has positive and significant effects on sustainable growth. Furthermore, innovation efficiency
is a moderating factor that can strengthen the influence of corporate governance on sustainable growth. The novel of this
study provides evidence relating to the importance of management in human resources and management in innovation to
increase the company's productivity through innovation efficiency, which has an important role in increasing the
company's sustainable growth.

1 Introduction main components of a company’s corporate governance,

Nowadays, companies need to have the ability #hichisan importanf[ aspect ofacompany’s sustainabil_ity
operate their business activities in a challenging ard4]. The board of directors has a vital role related to its
competitive business atmosphere, so it is important €lties in managing the company to generate profitability
consider sustainability aspects in a company's strateggd decide the strategy to maintain the company's
planning to maintain long-term survival, growth, ancontinuity [15]. Based on previous research, it can be
profitability [1,2]. One of the company’s goals is to gairidentified that there are differences in the influence of the
maximum profit, so the aspect of how the company cdpard of directors on sustainable growth. If the relationship
maintain its sustainability to gain profit becomes a crucidietween the independent and dependent variables was
concern for the Company's management [3] It becomwonSiStent, then there_ may .be o_ther factors that can
important to know the company’s sustainability prospecgérengthen or weaken this relationship [16]. .
in the future by considering several aspects. Furthermore, A study by [17] shows that innovation efficiency is a
the topic of sustainable growth as one of the instruments'f@derating factor between various market distortions and
predict a Company’s going concern has become a Cruowstaln.able grOWth. |nnqvat|0n.effl(?|ency |.S deflned aS. the
aspect that management must focus on. Rapid growth i§gpability to transform innovation inputs into innovation
company can exhaust resources, but a sIow-growigl'[IOUtS [18]. The main principle of efficiency is the
company may show that the resources are not utiliz&éflocation of inputs to produce maximum output so that
effectively [4]. The sustainable growth concept describégaximum profit with minimum costs can be achieved and
that a company’s growth can maximally increase if thé€ company's ability to be sustainable can be maintained
company’s financial performance can be maintainefl9]. This research was conducted on manufacturing
Sustainable growth reflects the company's asset utilizati6Rmpany objects in Indonesia on a general scale and is
efficiency and financing strategy, which are all keyxperiencing problems in maintaining thelr.sustamabl_hty
determinants of company performance [5]. Sustainabfisle to the COVID-19 pandemic, as stated in the previous
growth is a company's financial policy that is in line wittstudy [20]. Based on these arguments, this study examines
the company's growth, and its concept describes how, g effects of corporate governance on sustainable growth
maintaining the existing capital structure without th@nd the role of innovation efficiency in moderating this
issuance of new legalities, the company can still increaklationship. The research questions presented in this study
sales [6]. are: How does corporate governance affect sustainable

Sustainable growth has become a global issue and tg8wth? And how does innovation efficiency moderate the
received attention from various researchers around tfiationship between corporate governance and sustainable
world, such as [7-13]. Boards of directors are one of tfFowth?
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2 Literaturereview 2.22  The moderating effect of innovation efficiency
21 Theoretical framework in therelationship between cor porate
Stakeholder theory describes individuals, groups, or governance and sustainable growth

organizations that have the power to affect the achievement A €ompany’s sustainable growth is affected by
of an organization’s objectives and/or can be affected fpancial indicators, employees, equity structures, and
the organization [21]. Stakeholders include investor§ther company governance factors that must be considered
creditors, suppliers, consumers, governments, aMe€n pursuing sustainable growth [30]. The board of
communities that are influenced by the companﬂ”ecmrs’ one of the corporate governance factors, plays a
Stakeholder theory describes the relationship between §fitral role in internal mechanisms to set strategic aspects
entity and the environment in which it operates [22] so thQf @ company and monitor its corporate management
the company can operate and become a sustainaBiectively [31]. Companies must be able to optimize the
company. function of corporate governance mechanisms to increase
Sustainable growth is a concept where companies éF@lr s_ustamab_le growth by optimizing t.he use of efficiency
able to achieve optimal growth as a sustainable compafytheir operations, especially innovation efficiency. The
[23]. Sustainable growth is important and has become€§Sence of efficiency is the allocation of inputs to produce
major interest for stakeholders and analysts [24]. THBaximum output so that maximum profit with minimum
company's sustainable growth capabiliies play &¢PStS can be achieved and improve the company's ability to
important role in supporting sustainable national economié sustainable. Optimal innovation efficiency can increase

development and long-term business development [25]. thé company's ability to maintain sustainable growth.
Based on these arguments, hypothesis 2 (H2) is formulated

2.2 Hypothesis development as below:

221 Corporate gover nance and sustainable growth . -
Corporate governance defines the role of the board of H2- Innovation efficiency strengthens corporate
directors as a leader that has a role in setting t@®vernance’s influence on sustainable growth.

organization, protecting a firm by directing its operational

activity, and supporting its decision-making [26].2.3 Research model

Corporate governance is a control system applied to The model for this research can be described in the
achieve maximum performance without disserving itequation below (1):

stakeholders, and this implementation will determine the

company’s management practices within the company SG =p; DIRECTOR +p; IE*DIRECTOR @)
[27]. In this study, corporate governance was measured

from the perspective of the board of directors for its Explanation:

important role in controlling all aspects of management in SG = Sustainable Growth,

the company. Boards of directors have an important role in DIRECTOR = Board of Directors,

strategy identification, which is needed in the decision- IE = Innovation Efficiency.

making process. The board of directors typically

determines  general business management aBd Methodology

sustainability strategies that integrate each other to support Thijs research is a causal study to examine factors that
the company’'s goals, which in turn guide operationgjre causing a problem and test the effect of corporate
decisions and strategic matters. governance on sustainable growth and the influence of
In general, corporate governance is the most importafhovation efficiency as a moderating factor in the
aspect of a company’s sustainability. A study by [28felationship between these variables. The analytical
shows that the board of directors has an important role gchnique used in this research was Partial Least Squares
enhancing sustainability performance. The role of thgo| S-SEM) using WarpPLS 8.0 software. The sample of
board of directors in the company can determine its longhis  study included 44 samples collected from
term sustainability because of its role in setting thganufacturing companies listed on the Indonesian Stock
company's strategic aspects. A study by [29] shows thachange for the 2017-2021 period. The data in this study
board size, as a measurement of corporate governance, fas secondary data collected from financial statements that
a positive effect on a company’s sustainable growth. Thgere published on www.idx.com and categorized as
higher board of directors can increase the companyggantitative data. The sampling selection used in this study

sustainable growth. Based on these arguments, hypoth&gis purposive sampling, as below (Table 1):
1 (H1) is formulated as below:

H1. Corporate governance positively influences
sustainable growth.
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Table 1 Sampling selection efficiency has a standard deviation score of 0.41, which is

Number | Purposive Samplir Total smaller than the average score of 0.69, which indicates that
Manufacturing companies listed ¢n the innovation efficiency data in this research is relatively

1. the Indonesian Stock Exchangd54 less varied. The sustainable growth standard deviation of
during the 201-2021 perio 0.32 was smaller than the average score of 0.54, which
Companies that do not provide the indicates that the sustainable growth data in this research is

2. indicator data required in this stugy110) relatively less varied. The data description in this study
during the201+2021 perio shows less varied data for variables, which can be

44
5

(520

Number of samples that meet the crit
Year of observatic
Total sample in this study during the year

explained by the fact that this object only includes
manufacturing companies in Indonesia that have fairly
similar characteristics.

observatio
Table 2 Descriptive statistics
The measurement and operational aspects of variablggyriables Max. | Min. | Mean [Standard
in this study can be explained as follows: deviatior
Board of 10 3 6 1.95
3.1 Sustainable growth director:
The sustainable growth rate is measured as below (2}anovation 1 004 |069 | 041
(3), (4) 21 hiciency
, _ Sustainable 1) 33 |01 | 054 | 032
SG = ROE x Retention Ratio (2) |Growth
_ NetIncome
ROE= rora Equity ®) 42 Mode fit
Rete