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Abstract: Because of hyper complexity, difficulty to define, multiple stakeholders with conflicting
perspectives, and lack of clear-cut solutions, wicked problems necessitate innovative and adaptive
strategies. Operations Research has been a valuable tool for managers to make informed decisions
for years. However, as we face increasingly complex and messy problems, it has become apparent
that relying solely on either hard or soft OR approaches is no longer sufficient. We need to explore
more innovative methodologies to address these wicked problems effectively. This study has
bridged the research gap by proposing a structured process encompassing a subdivision-based
problem structuring method for defining the wicked problem, a multi-attribute decision-making
(MADM) for prioritizing sub-problems, and a hard OR technique, data envelopment analysis (DEA)
for tackling one of the most critical sub-divisions. The proposed methodology, implemented in a
case study, focuses on a higher education institution experiencing a decline in student admissions
and involves five steps. First, a diverse group of stakeholders is formed to ensure comprehensive
consideration of perspectives. Second, the wicked problem is defined, considering long-term conse-
quences, multiple stakeholders, and qualitative stakeholder opinions. Third, a hierarchical structure
is created to break down the wicked problem into manageable sub-problems. Fourth, a multi-crite-
ria decision-making (MCDM) method prioritizes sub-problems. Finally, the sub-problems are ad-
dressed one by one using a combination of soft and hard OR tools. The findings highlight the ben-
efits of integrating hard and soft OR approaches. The article concludes with reflections on the im-
plications of using a combined OR approach to tackle wicked problems in higher education and
beyond.

Keywords: Problem solving; Wicked problem; Hard OR; Soft OR; Problem Structuring Methods;
Decision-Making; Subdivision-based PSM

1. Introduction

Managers, especially private sector ones, must make the proper decisions to solve
organizational problems and preserve their survival in the contemporary turbulent and
competitive environment governing businesses [1]. Making decisions is a complex mental
process to determine a desirable outcome while considering various factors [2]. Decision
problems related to economic and social systems are becoming more complicated as they
become more complex [3]. Decision-making may be impacted by many factors, including
the qualitative opinions of stakeholders, situation complexity, and a decision's long-term
consequences [4]. Group conflicts occur when system members must make or delegate
collective decisions with conflicting preferences or positions. Every decision in these situ-
ations will somewhat affect all members [5]. Ambiguity or disagreements over a situation
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interpretation can make it difficult for individuals to determine whether a case is prob-
lematic, if there is a problem, or how to address it [6]. In such a situation, we require ap-
propriate science, methods, and tools to respond to rapid change and complexity, making
long-term reforms urgent [7]. For more than seven decades, Operations or Operational
Research (OR) is a knowledge that has been of interest to academics and practitioners to
help managers and decision-makers achieve the above goal [8].

OR is referred to by the Global Fund as the "science of better" as it helps solve systems'
problems [9]. OR applies advanced analytical techniques to make better decisions, allows
managers to make more informed decisions, and build more efficient systems [10]. OR is
a distinct academic discipline based on classical mathematics and statistics. By emphasiz-
ing the strong relationship between OR and computer science, information systems, and
mathematics, OR assists decision-makers in business, industry, government, and aca-
demia in solving complex economic, business, engineering, public administration prob-
lems, etc. [11]. Growing rapidly, distinct methods involving OR can support a wide range
of decision-making processes [12]. In decision support, a system is designed to compute
or assist in computing recommendations (Hard OR approach), or direct client-analyst in-
teraction is used to elaborate recommendations (Soft OR approach) [13]. So to speak, it is
possible to consider OR techniques either quantitatively (hard) or qualitatively (soft) or
by combining both, and stakeholders may be involved in different degrees [14]. In prac-
tice, considering the characteristics of the problem under investigation, OR specialists and
consultants exploit one or a combination of the above two approaches for decision sup-
port.

Since the beginning (the 1950s), many organizational problems have been solved us-
ing Hard OR (HOR) techniques, primarily optimizing determined objectives. As a leading
player in solving optimization problems, HOR faces challenges in incorporating uncon-
trollable factors into decision-making and exploiting big data more effectively [15]. Tradi-
tionally, mainstream OR methods neglect the importance of properly structuring prob-
lems in practice [13]. Hard OR techniques did not sufficiently address many practical
problems encountered in social and political science due to their mathematical sophisti-
cation but naive contextualization [16]. Furthermore, according to reviews, another sub-
stantial consideration is that HOR contributions are plentiful in some operational domains
but minimal in strategic areas [17]. Strategic decisions need more investigation due to the
long-term impacts, different involved stakeholders, the decisive role in systems' success
and failure, etc. It is necessary to go through the decision-making process in a structured
and scientific way to solve strategic and complex problems (wicked problems). This type
of 'messy' and 'wicked' organizational problem led to the development of Soft [18].

It was after the 1970s that Soft OR (SOR) began to emerge, focusing on structuring
and defining complicated organizational problems and addressing future uncertainty
[19]. Contrary to HOR, soft techniques emphasize that defining and framing a problem is
a significant part of problem-solving [20]. Hence, a SOR method is less mathematically
based, encourages stakeholder participation more, and is less mathematically grounded
[21]. Quoted from Rosenhead [22], SOR approaches include Problem Structuring Methods
(PSM) to address messy and wicked problems. The definition of PSMs varies depending
on what the PSM typically aims to accomplish and how they perform it [23]. PSM refers
to several methods addressing uncertainty, conflict, and complexity in various situations.
Modeling is used, typically in a group setting, to structure a problem and understand it
better rather than directly solving it [24]. Towards achieving this goal, PSMs enable the
integration of many alternatives into the problem-solution process, allow stakeholders
with different perspectives and knowledge to visualize the problems cognitively, adjust
the representation as the stakeholder group's discussion progresses, and vice versa, and
allow partial or local improvements to be made rather than global solutions marginalizing
many interests [25]. Through carefully structuring (or defining and redefining) a problem,
PSMs seek to deliver a rational framework to resolve mess problems formerly solved by
applying Hard OR techniques [26]. Many PSMs have been formed in the last 50 years,
including Soft Systems Methodology (SSM), Strategic Options Development and Analysis
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(SODA), Robustness Analysis (RA), Strategic Choice Approach (SCA), etc. [27]. Partici-
pants in PSM workshops develop procedures jointly by participating in interactive con-
versations as part of a workshop setting. These approaches ensure that decision-making
and negotiation processes are informed about the problem's nature, potential solutions,
and actions that can be taken to solve it [28]; Meanwhile, they will most likely not produce
exact quantitative solutions [29]. Accordingly, in many cases, PSMs have been criticized
[30].

An outline of the problem frame, or system boundaries, reveals what matters, solu-
tions, and participants should be considered during decision-making [31]. Addressing
each approach's disadvantages, researchers have favorably recommended combining
classical operations research (Hard OR) and problem structuring methods (Soft OR) in the
decision-making literature as multiple paradigmatic practices [32]. By combining hard
and soft OR approaches and taking advantage of two ways that are fundamentally op-
posed, their strengths can be exploited [14]. Combining two decision-aid techniques can
reduce complexity and deal with uncertainty [33]. Integrating quantitative indicators with
qualitative context descriptions is an apparent demand from many decision-makers since
it links theoretical and practical approaches to problem-solving [34]. Practitioners do not
have to follow a single procedure but can adapt it to circumstances or combine it with
other methods to meet their objectives [35]. Researchers examined the effectiveness of
PSMs in practice over the last thirty years, emphasizing renewed scholarly and practition-
ers' interest in integrating soft and hard OR techniques for addressing complex problems
and enhancing decision-making [36]. In practice, the benefits of adding some form of ra-
tional structure to discussions, and helping people give some shape to a problematic situ-
ation, are all emphasized [37]. Nevertheless, review findings indicate little explicit recog-
nition of the hierarchical nature of decision problems in the extant literature [17].

Mixing hard and soft OR has opened the door for many studies with full stakehold-
ers' cooperation [38] and solved the much-reported absence of documentation of success-
ful OR project implementations [39]. Nevertheless, as we will realize in Section 2, research-
ers mostly combine soft and hard approaches to solve operational and tactical problems
and focus less on the topic investigated in this research (structuring a strategic issue and
providing feasible solutions). Therefore, in this study, we intend to demonstrate how a
complex strategic problem can be converted into solvable sub-problems using the pro-
posed PSM and answer them using HOR techniques. For this purpose, we introduce our
proposed method, which we have named the Subdivision-based Problem Structuring
Method (SPSM), in Section 3 (methodology). Then, in Section 4, we implement SPSM in a
case study. Finally, we describe the results and make suggestions for future research.

2. Literature review

According to [40], traditional approaches to problem-solving overlook the im-
portance of some factors because of high levels of competition. To overcome this weak-
ness, researchers should conduct relevant procedures from soft systems thinking perspec-
tive. Due to the structural complexity of managerial problems and the diverse points of
view of many stakeholders, a methodological approach centered on soft systems can pro-
vide solutions. This viewpoint has received more attention in recent years. A study using
the systems thinking and modeling methodology structured a complex problem situation
based on determining and investigating stakeholders. The solution was developed by uti-
lizing a participatory approach to build a model that captures the underlying structure
responsible for the problem. The authors argued that efforts to reduce delays in transpor-
tation infrastructure projects could be achieved through effective multi-stakeholder par-
ticipation, which may lead to a multi-stakeholder partnership; This framework can help
conflicting stakeholders reach an accommodation [41]. By December 2021, a systematic
review of soft OR in healthcare was conducted. These methods were employed in various
healthcare fields, e.g., healthcare management, e-health, health informatics, etc. Research-
ers concluded that most reviewed articles applied the soft systems methodology (S5SM) to
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structure diverse problems. They argued that soft OR approaches could identify and un-
derstand stakeholders' needs in health systems, but they have received little attention [21].
In a paper, a substantial background for a deeper exploration of the study's multidimen-
sional, complex research questions and context was provided by PSM techniques, includ-
ing cognitive mapping, SODA, and nominal group techniques. Through the investigation,
stakeholders' expertise and experiences were shared and aggregated, enabling a more re-
alistic analysis framework and the cause-and-effect relationships among factors related to
the subject matter. Regional stakeholders creating age-friendly smart living environments
could use the proposed holistic analysis framework to analyze and share their knowledge
and expertise about identified conditions and practices [42]. A study proposed combining
Value Focused-thinking (VFT) and Strategic Options Development and Analysis (SODA)
techniques to structure a hierarchy of key objectives to solve a workstation problem in the
footwear industry. Furthermore, the Flexible and Interactive Tradeoff Method
(FITradeoff) was utilized to obtain decision-makers' preferences. Researchers concluded
combining the structuring methods, and FITradeoff facilitates decision-making [43]. Em-
phasizing that according to evidence from risk management, a deep understanding of the
massive problems should be integrated with stakeholders' proficiency and risk percep-
tion, researchers proposed a combination of PSMs for the exploration of stakeholders' risk
perceptions through individual Fuzzy Cognitive Maps and Ambiguity Analysis for the
examination of distinctions in risk perceptions and problem structure [44]. A case study
using a problem structuring methodology was introduced to illustrate the difficulty of
entangling involved and affected stakeholders in the dialogical process. Viable System
Diagnosis (VSD) was presented using the systemic problem structuring approach. This
case showed how such a systemic approach to problem structuring could benefit running
a hospital service for present and future generations [45]. Stating that previous research
on digital creative ecosystems has primarily utilized the hard OR approaches that fail to
address problems involving multiple stakeholders leading to formulating incorrect expla-
nations or strategies, a study examined how stakeholders perceive their positions and in-
teractions to create a model. This study's contribution was customizing the SODA tech-
nique to cope with the Indonesian stakeholders' communication style, tending to empha-
size hierarchy [22]. Despite all the efforts made, as stated in the introduction, the most
critical weakness of these tools is that they only deal with the knowledge and understand-
ing of the problem and do not necessarily lead to an answer to the problem.

Some researchers have tried to provide answers to the problem under investigation
by combining soft and hard approaches. Seeking to create a potential comprehensive
methodology to help health decision-makers, a study designed a mixed framework to aid
the medical training planning under the complexity of medical school vacancies and res-
idency programs affected by multiple stakeholders with diverse attitudes and medical
training specificities. It combined structuring the purposes and particularities of the prob-
lem with a Soft Systems Methodology (SSM) through the Customer, Actor, Transfor-
mation, Weltanschauung, Owner, Environment (CATWOE) method and formulating a
Mixed Integer Linear Programming (MOLP) model evaluating the entire relevant charac-
teristics. As a result of observing the specificities of each country, a multi-objective plan-
ning model evolved, which laid out how multiple vacancies ought to be filled and closed
in medical schools and each specialty each year [46]. Researchers developed a streamlined
procedure to address the complexity of the private partner selection problems, including
several indicators, inaccurate human judgments, and the environment's inherent uncer-
tainty. They employed single-valued neutrosophic sets to accumulate decision-makers'
opinions. Following, utilizing the similarity measure, they determined the options ranks.
Besides, they used the robustness analysis to examine the alternatives' effectiveness in
various potential scenarios [47]. Researchers combined hard and soft OR techniques to
solve a problem related to coordination and conflict in the supply chain. As a result of
Delphi-Fuzzy methods and Interpretive Structural Modeling, quantitative variables were
identified for measuring social responsibility. By modeling each player's payoff functions
based on their bargaining power, the problem was modeled and optimized [48]. In an
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investigation, the authors applied a PSM technique, Cognitive Mapping (CM), to establish
a Fuzzy Inference System (FIS). A framework for extracting and organizing aviation spe-
cialists' information was developed in this paper using CM, with levels of risk assessment
defined for each State and each Aviation Safety Branch; using Fuzzy Inference Systems
(FIS), ICAO's Big Data was converted into Risk Levels for each State and audit area by
using Fuzzy Inference Systems (FIS) [49]. Researchers argued that multi-objective optimi-
zation literature typically focuses on problem-solving, assuming that problems have been
formulated correctly. They contributed a systematic framework for structuring MOO
problems using PSMs. According to them, in addition to objective functions, decision var-
iables, and constraint functions should also be elicited from expert knowledge to construct
a MOO problem appropriately [50]. Applying a combination of Soft and Hard OR meth-
ods, Strategic Choice Approach, and ELETCRE 3-B, a study demonstrated decision mod-
els that links problem structuring to strategic organizational objectives to operate with the
process uncertainties, enabling decision-makers to explore for information and address
decision-making, allowing players a comprehensive and systemic vision connected to cor-
porate purposes [51]. Researchers applied soft and hard OR techniques to assess and rate
schools using quantitative and qualitative criteria and the system stakeholders' perspec-
tives. Operating a soft method, they excluded the insignificant sub-criteria. Then, utilizing
AHP and TOPSIS, they computed the sub-criteria significance and the rating according to
the experts' ideas. The sensitivity analysis findings indicated that ignoring the system's
opinions from other stakeholders can distort the results [52]. As seen, wicked problems
have been less considered in such hybrid methodologies.

In the past few decades, some other researchers have combined soft techniques with
Multi-Criteria Decision-Making (MCDM) methods to solve wicked problems. A study an-
alyzed a problem by proposing some detailed instruction PSM tools. The framework in-
cluded Critical Systems Heuristics (CSH) from Emancipatory OR, Robust Analysis (RA)
and Strategic Choice Approach (SCA) from Soft OR, and BWM from quantitative and
MADM procedures. The authors named their proposed methodology SYRCS [4]. A study
applied cognitive mapping and the best-worst method (BWM) to identify essential evalu-
ation criteria within urban digitalization to assess municipalities' degree of digitalization
and improve city officials' understanding of intervention areas. By defining the most per-
tinent criteria for evaluating urban digitalization, researchers conducted Strategic Options
Development and Analysis (SODA) [53]. Research highlights the complementary nature
of decision-making approaches by using the Strategic Choice Approach (SCA) to structure
the decision problem and the ELECTRE technique to describe the action space. Examples
of how alternative policies, enhancement activities, and projects can be analyzed and eval-
uated to be ranked or selected are given [33]. Using Value-Focused Thinking (VFT) for
problem structuring, authors have developed a method to support group decision-mak-
ing. The problem was structured using Rich Picture and VFT, and the rating was executed
using the Analytic Hierarchy Process (AHP). In this approach, values were the focus, and
a process was defined to incorporate those values into a multi-criteria tool [25]. In a paper,
as part of the decision-making process of policy-making, an analysis network approach
(ANP) and a strategic choice approach (SCA) were proposed as a multi-methodological
approach. The researchers used Latour's concept of the "collective" as a conceptual frame-
work to describe the decision-making process, with its conflict and negotiation, openings,
and closings [54]. To generate purposes for sustainable wastewater management through
a game-based intervention, researchers designed a card game to aid participatory deci-
sion-making processes. Using an MCDA approach, they employed complementary data
to assess the game-based intervention, including qualitative data, self-reported assess-
ments, and empirical performance measures [55]. A study aimed to structure the charac-
teristics influencing the interests of container terminals. The study examined the library
and interviewed experts to identify CT-related factors. After identifying the elements,
each influence degree was quantified by questioning CT experts. A fuzzy cognitive map
was drawn utilizing the matrix obtained from Fcmapper software after the feedback loop
was calculated operating the fuzzy DEMATEL technique [56]. Researchers applied soft
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and hard OR techniques to estimate the relative importance of factors influencing financial
reporting reliability. They determined the cause-and-effect relationship between factors
by utilizing the DEMATEL approach and identified variable weights by operating the
fuzzy analytic hierarchy process [57]. Overall, it can be seen that despite the rising consid-
eration paid by practitioners to the above hybrid approach, not enough attention has been
paid to the problem discussed in this work.

3. Methodology

The algorithm proposed in this study utilizes soft methodology to address complex
problems effectively. The approach involves five steps, as illustrated in Figure 1. It's im-
portant to note that the number of steps can be adjusted based on the situation (problem
characteristics) as long as they lead to a more accurate and precise understanding of the
situation. However, based on our experience, we recommend following the algorithm in
the suggested order.

 Forming participants (decision-makers) group

* Defining the wicked problem

¢ Dividing the problem into sub-problemsin a hierarchy

* Prioritizing sub-problems

* Solving sub-problems based on priority

Figure 1. The proposed algorithm.

Step 1 involves forming a group of contributors, including representatives from all
stakeholders involved in the problem. This group should aim to consider the views and
opinions of all key stakeholders, especially in turbulent problems. We suggest using the
input of 5 to 15 contributors to examine the situation and consider various perspectives
effectively.

In Step 2, the wicked problem is defined, considering its long-term consequences,
multiple stakeholders, group conflicts, future uncertainty, and qualitative stakeholder
opinions. The operations research specialist, acting as a facilitator, plays a significant role
in defining the problem.

Step 3 involves identifying the main dimensions of the wicked problem, which can
be further examined as separate problems. This hierarchical structure can be formed based
on the group's decision and ultimately leads to the most prior sub-problem that needs to
be solved. An example of this structure is shown in Figure 2.


https://doi.org/10.20944/preprints202306.1155.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 June 2023 d0i:10.20944/preprints202306.1155.v1

Wicked
Problem

Figure 2. The hierarchy of a presumptive problem.

When creating a hierarchical structure, the aim is to tackle lower-level issues to re-
solve higher-level problems. For example, a wicked problem at level 1, like improving
product quality in a production system, can be broken down into sub-problems at level 2.
These sub-problems may include low-quality raw materials, outdated equipment, and in-
efficient personnel. At level 3, each sub-problem is further investigated. For instance, the
problem of inefficient production personnel, caused by factors such as low wages, long
hours, and inflexible schedules, can be tackled by modifying wages, hours, and schedules.
Addressing these sub-problems at level 3 can significantly reduce or eliminate the higher-
level problem of inefficient personnel. Similarly, resolving level 2 sub-problems, such as
personnel shortages, outdated equipment, and poor materials, can help solve the level 1
wicked problem.

As we move forward, it's crucial to establish agreement among all participants, which
is a key objective of PSMs. Depending on the unique circumstances of the issue at hand,
various techniques, like group meetings, Delphi, and SSM, can be utilized to achieve con-
sensus. It is advisable to have a Soft OR specialist serve as a facilitator. The facilitator
should consider various factors, such as the diverse interests of stakeholders, participants'
familiarity with the issue and its various aspects, interpersonal dynamics, time con-
straints, and urgency when selecting the ideal method for reaching a consensus. Ulti-
mately, this phase will result in a hierarchical structure that outlines the system's prob-
lems, from the most complex to the most specific.

Multi-Criteria Decision-Making (MCDM) methods are designed to assist decision-
makers in choosing a preferred variant among many possible alternatives while consider-
ing a variety of variables [58]. Research on MCDM has been conducted since the 1960s,
leading to many theoretical and applied publications. In the context of conflicting criteria,
MCDM is a generic term for all methods that help people decide based on their prefer-
ences [59]. Problem owners can apply MCDMs to deal with the complexity of decision
problems [60]. The advantages of these methods are that they can handle conflicting goals
and multiple stakeholders at the same time [61]. Over the last few decades, many authors
have developed and improved MCDM methods. Different methodologies, weighting pro-
cedures, ways of expressing preferences, uncertain data, and data aggregation mecha-
nisms are the main differences between these methods [62]. Despite some placing it in the
soft paradigm [9] & [63] and others in the hard paradigm [64], the multi-criteria decision-
making method is the boundary between the soft and hard OR approaches [65]. Regard-
less of which category MCDMs fall into, a detailed evaluation of multi-criteria should be
carried out after determining the structure of the problem [59].
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In the fifth step, we solve the sub-problem given the highest priority in the previous
step. As previously mentioned, most soft approaches may not be able to solve the prob-
lem. Therefore, it is likely that hard OR tools will be necessary to solve it. Once we have
addressed the first priority problem, we move on to the second priority problem and con-
tinue the process until all sub-problems are solved.

4. Case study

In Iran, higher education institutions provide fee-based bachelor's, master's, and
sometimes doctorate programs. The number of students seeking admission to these insti-
tutions has significantly decreased in recent years due to various factors, such as increased
admission capacity in public universities offering free education, expanding the number
of private institutions, and a decreasing young population. The institution under study in
this research has also faced this challenge. To address this complex issue, we have applied
the proposed approach.

In the first step, a meeting was held with key stakeholders, including the President,
educational, research, and administrative vice presidents, the public relations director,
two faculty members, and two student representatives. This step aimed to engage all the
stakeholders involved in the problem-solving process. It became apparent that the chal-
lenge of reducing the favor of the local community towards the institution was a complex
issue that could have significant implications for the organization's sustainability. Partic-
ipants were invited to share their recommendations for addressing the issue. As expected,
the diverse viewpoints expressed by group members revealed a lack of agreement and
shared understanding on how best to tackle the problem.

During the next step, we requested input from participants on the most critical con-
trollable factors causing the wicked problem. After discussion and exchanging view-
points, three main factors were identified low-quality output, lack of organizational dif-
ferentiation, and ineffective advertising. These factors were then defined as the main is-
sues at the second level of the hierarchy. Moving forward to step three, it was agreed upon
that each group member would present the most critical factors causing level two prob-
lems in the next meeting. During the second meeting, the group members shared their
perspectives and eventually agreed on the most vital factors driving each problem at level
two, as shown in Figure 3.
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Reducing favor
towards the
institution

Figure 3. The wicked problem hierarchy.

During this stage, certain uncontrollable factors introduced by members, including
the not updated university course titles and those not agreed upon by other members in
terms of their importance, like planning end-of-semester exams, were excluded from fur-
ther investigations. Finally, nine sub-problems were defined at the third level of the hier-
archy: students' low motivation, professors' low motivation, theory-based training, retain-
ing qualified personnel, insufficient equipment, uncollaborative management, low-effi-
ciency units, and internal and external ineffective advertising.

During the fourth step, we utilized TOPSIS, one of the most commonly used MADM
methods, to prioritize sub-problems. As stated in the literature, various ways exist to com-
bine participants' perspectives in group decision-making. Based on their input, we have
decided that the members will collaborate to create a decision matrix during our next
meeting.

During the third session, the group evaluated and ranked sub-problems based on
effectiveness, time consumption, ease of implementation, and financial burden indicators.
It is imperative to allocate weights to each indicator while utilizing the TOPSIS method.
After discussion and agreement, the group decided on weights of 0.4 for effectiveness, 0.3
for time consumption, 0.2 for ease of implementation, and 0.1 for financial burden. The
group then created a decision matrix shown in Table 1, using qualitative measurements
for all four indicators on Saaty's scale (ranging from 1, very low, to 9, very high).

Table 1. The decision matrix.


https://doi.org/10.20944/preprints202306.1155.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 June 2023 d0i:10.20944/preprints202306.1155.v1

Ti - E f imple- Fi ial
Sub-problems  Effectiveness fme con ase otimpre nancia
sumption mentation burden
'1
Stude‘nts‘ ow 7 1 9 9
motivation
Profes.sors. low 8 3 . 9
motivation
Th -
eor}l .based 9 5 . 8
training
Rf}t:ﬂmmg quali- . 6 6 5
fied personnel
I ..
nsu.fﬁaent g 5 5 -
equipment
Uncollaborative 5 6 6 3
management
Low-effici
ow eff.laency 3 g 3 6
units
I is-
nterna.l advertis 3 9 5 4
ing
External adver- 8 g 4 5

tising

The prioritization of sub-problems was determined by implementing the TOPSIS
method and based on the relative closeness measure Ci.

Table 2. The sub-problems' priority.

Sub-problems Gi Ranks
Students' low 7 7
motivation
Professors' low 8 5
motivation
Th -
eor}/ ‘based 9 6
training
Retaining quali-
) 7 8
fied personnel
I ..
nsu'fﬁaent 8 3
equipment
Uncollaborative 5 9
management
Low—eff.laency 3 1
units
Int 1 advertis-
n erna. advertis 3 5
E mlg g According to Table 2,
xternal adver- 8 4 among the problems of the third

tising

hierarchy level, the sub-problem
of low-efficiency units has been given the highest priority.

After determining the priority of the various sub-problems, the next crucial step is
tackling them effectively. As this article aims to highlight the advantages of employing
soft and hard approaches when resolving a wicked problem, in this report, we will only
focus on the sub-problem identified as the most critical and elaborate on its solution.

During the fifth phase, we focused on enhancing the institution's distinctiveness by
identifying and addressing inefficient units. To accomplish this, we carried out a thorough
evaluation of fifteen different units by utilizing the data envelopment analysis technique.
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The participating group opted to employ two indicators, namely the number of personnel
and referrals, as inputs and three indicators, namely quality of responsiveness, availability
level, and the number of complaints, as outputs. The responsiveness and availability levels
were assessed on a scale of 0 to 10, with 0 indicating poor performance and 10 indicating
excellent performance. The normalized data obtained during this critical stage of the in-
stitution assessment is presented in Table 3 for further analysis.

Table 3. The DEA data.

Units Input 1 Input 2 Output 1 Output2  Output 3
1 0/500 0/900 0/889 0/185 1/000
2 0/143 0/500 0/667 0/282 1/000
3 0/050 0/700 0/333 0/580 0/500
4 1/000 1/000 1/000 0/185 1/000
5 0/111 0/600 0/556 0/321 1/000
6 0/125 0/700 0/778 0/496 0/500
7 0/043 0/400 0/333 1/000 0/333
8 0/083 0/600 0/444 0/461 0/500
9 0/143 0/500 0/444 0/241 1/000
10 0/091 0/400 0/333 0/282 1/000
11 0/083 0/800 0/667 0/539 0/500
12 0/050 0/800 0/556 0/901 0/333
13 0/059 0/400 0/444 0/509 0/500
14 0/500 0/800 1/000 0/259 1/000
15 0/100 0/600 0/444 0/262 1/000

Consequently, applying the CCR, input-oriented BCC, output-oriented BCC, and ad-
ditive DEA models, the efficiency of the institution's fifteen units was calculated, as shown

in Figure 4.
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= I0-BCC
09 - Jooscc
M I 2 dditive

07} -

06

05+

041

03

02

01+

Figure 4. Units' efficiency.

According to Figure 4, units 2, 3, 5, 9, 10, 13, and 15 are not functioning efficiently.
Our next step is to pinpoint the specific areas of inefficiency and develop a plan to im-
prove them. It's worth noting that since this article focuses on demonstrating the practi-
cality of combining hard and soft approaches, we will refrain from discussing the subse-
quent actions taken to address the problem in this particular case.

5. Conclusion
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OR looks for better ways to conduct organizational operations using mathematical,
computer-based, or other analytical methods [66]. OR has been divided into two branches,
Hard OR and Soft OR. HOR continually has failed to address the many practical problems
in political, social, and management sciences; This disadvantage and the increasing un-
certainty and unpredictability existing in structuring managerial problems are directed to
the supremacy of the SOR perspective [67]. For academics, SOR, also known as problem
structuring methods, is a legitimate branch of OR [68]. PSMs are widely used in OR to
address wicked problems, messes, and swamps in plural/complex contexts [69]. Problem
Structuring Methods seek to generate a shared understanding of complex problems from
the perception of the involved actors, aiming at structuring them before solving them [70].
Based on the literature, PSMs facilitate transparent and participatory ways of formulating
and modeling problems [71]. It has been demonstrated in the review of these techniques
that when applied by academics and other actors, Soft OR methods have consistently pro-
duced beneficial policy results [35]. Over the last 20 years, some have acknowledged the
importance of problem structuring and PSMs for Decision Analysis, moving beyond the
idea that DA begins with a well-structured problem. Even though PSMs can bring signif-
icant advantages to decision-making, little engagement appears to have been paid to this
point of view in the literature [54].

In this research, we proposed a hierarchy-based PSM approach that helps problem
owners better understand a system's wicked problem. To solve an unstructured problem,
according to the proposed approach, decision-makers must first identify the most critical
factors causing the wicked problem. The factors identified in this stage are considered
next-level problems. Keeping in mind that PSM approaches cannot provide a specific so-
lution for the problem, those responsible for addressing the problem should deconstruct
it to the most granular level in the hierarchy, where a feasible solution can be executed.
The main idea of this research is that by solving the subdivisions of each hierarchy level,
the higher level problem is solved either entirely or to a significant extent. In the next step,
after identifying and defining the subdivisions at the lowest level of the hierarchy, it is
time to rank them and determine their importance or priority. At this stage, decision-mak-
ers can use different MADM techniques to determine the priority of subdivisions. Finally,
problem owners should consider solving subdivisions with the help of hard OR ap-
proaches or other practical tools.

In a case study, we implemented our proposed approach to solving the problem of
declining student enrollment in a higher education institution. We first formed the partic-
ipating group consisting of the system's main stakeholders. Then we asked them to intro-
duce the most critical factors causing the wicked problem. After the discussion, we iden-
tified three main elements, namely low-quality output, lack of organizational differentia-
tion, and ineffective advertising, causing the situation. Each of these factors was consid-
ered a new problem in the second level of the hierarchy, and in the same way, the third
level of the hierarchy was formed by defining nine solvable sub-problems. Next, we asked
the participating group to prioritize the sub-problems based on their importance. After
determining the indicators, the ranking of sub-problems was done using the TOPSIS
method, and it was found that the problem of low-efficiency units has the highest priority.
In the next step, we used the DEA technique to evaluate the units and identify inefficient
ones, which showed that seven units of the institution do not have the necessary efficiency.
The next step, which we did not cover in this report, was to identify the reasons for the
low efficiency of the units and plan to eliminate them.

There are multiple ways to enhance the proposed approach in this research. For in-
stance, in the fourth step (sub-problem prioritization), we utilized the TOPSIS method,
which treats the alternatives as separate entities and disregards the internal connections
between the indicators. To improve the dependability of the findings, we can employ dif-
ferent hard and soft techniques like [72], ANP[73], Interpretive Structural Modeling (ISM)
[74], and System Dynamics [75], which have more realistic assumptions. Additionally, the
experts' judgments' uncertainty was not accounted for in this stage. Various fuzzy and
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fuzzy extension sets, like intuitionistic fuzzy [76], neutrosophic [77], plithogenic [78], etc.,
can address this shortcoming.
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