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Abstract

In the wake of advancing technology and the convergence of diverse disciplines, collabora-

tive research across academic sectors has become instrumental in fostering innovation and

tackling multifaceted challenges. The inherent complexity of such multidisciplinary endeav-

ors, characterized by a myriad of research trajectories and a spectrum of expertise, poses

significant challenges to effective review. This study aims to identify and analyze the factors

influencing the review efficiency of multidisciplinary scientific research projects to ensure

their smooth development and improved quality. To address this challenge, we employ the

Decision Making Trial and Evaluation Laboratory (DEMATEL) method with a 5-point scale.

First, we introduce an indexing framework to systematically identify factors influencing the

appraisal of multidisciplinary efforts. This framework is then complemented by expert-driven

questionnaires, harnessing domain-specific insights to ascertain the significance and inter-

connectedness of these factors. Using the DEMATEL method, we distill the data to identify

key influencing factors that enhance review efficiency for multidisciplinary projects. Our find-

ings provide pragmatic strategies and policy guidance, equipping institutional bodies and

program leads with tools to refine the review process of multidisciplinary scientific research

projects.

1 Introduction

In the realm of scientific inquiry, multidisciplinary research is increasingly recognized as an

essential approach for addressing complex challenges that transcend the boundaries of individ-

ual disciplines [1]. This is particularly relevant in tackling contemporary issues such as climate

dynamics, healthcare systems, and technological advancements, which are inherently multifac-

eted and resistant to unidisciplinary interpretations [2–4]. Such challenges, often resistant to

unidisciplinary interpretations, necessitate a synthesis of expertise spanning multiple fields.

This integrative approach yields solutions that are both in-depth and encompassing.
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The melding of diverse insights and methodologies heralds the potential for pioneering dis-

coveries, catalyzing the pursuit of innovative concepts that might otherwise remain obscured.

This collaborative paradigm not only amplifies the analytical scope, allowing for the discern-

ment of subtle interconnections, but also bolsters the efficacy of problem-solving strategies [5].

A notable attribute of multidisciplinary research is its propensity to bridge disciplinary divides,

ensuring fluid dialogue and methodological cohesion, which in turn cultivates a holistic com-

prehension of diverse viewpoints [6]. Given the pressing imperatives of our times, such as sus-

tainable progression and technological advancements, a multidisciplinary approach becomes

indispensable [7]. By harnessing collective expertise, it is poised to deliver robust and enduring

solutions. Fundamentally, as this mode of research delves into previously unexplored domains

and amalgamates knowledge from a spectrum of disciplines, it often paves the way for the

emergence of innovative theoretical constructs, pushing the boundaries of collective under-

standing [8].

Recent developments in digital innovation and the formation of innovation networks, partic-

ularly in green and sustainable technologies, underscore the need for effective multidisciplinary

collaboration [9–11]. These innovations require robust frameworks for evaluation and imple-

mentation, making the efficiency of the review process critically important. Nations globally

have also recognized the imperative of multidisciplinary research in addressing complex, multi-

faceted challenges that single disciplines might find challenging to tackle in isolation [12]. For

instance, in the realm of big data research, countries like the United States and China have been

at the forefront, channeling significant resources to foster interdisciplinary collaborations [13].

Such endeavors are not merely limited to financial allocations but extend to creating conducive

ecosystems that nurture the confluence of varied disciplines [14]. Digital technology plays a cru-

cial role in the industrial structure upgrading process. It facilitates the integration of advanced

technologies, enhances productivity, and drives innovation across various sectors. The interac-

tion mechanism and dynamic evolution of digital green innovation in integrated supply chains,

such as in green building, highlight the transformative potential of digital technology. For exam-

ple, digital green innovation can streamline operations, reduce environmental impact, and fos-

ter sustainable development by optimizing resource use and enhancing efficiency [9].

In the realm of decision-making, Multi-Criteria Decision-Making (MCDM) models play a

pivotal role in evaluating complex scenarios where multiple conflicting criteria must be con-

sidered. These models provide a systematic approach for decision-makers to assess alternatives

and prioritize factors effectively [15]. The Analytic Hierarchy Process (AHP) is widely used for

its structured approach to organizing and analyzing complex decisions, based on mathematics

and psychology. It helps quantify the weights of decision criteria through pairwise compari-

sons and consistency ratio checks. However, AHP can be criticized for its subjective judge-

ment and potential inconsistency when dealing with complex interrelations among criteria

[16]. Similarly, the Analytic Network Process (ANP) extends the AHP by incorporating the

interdependence among decision elements, making it suitable for more complex decision sce-

narios. Despite its comprehensiveness, ANP requires extensive pairwise comparisons that can

be time-consuming and cognitively demanding [17]. The Technique for Order Preference by

Similarity to Ideal Solutio (TOPSIS) method is favored for its ability to identify solutions from

a finite set of alternatives based on geometric distance from an ideal solution. While TOPSIS is

straightforward and effective for linear decision models, its applicability is limited in scenarios

where decision criteria are interdependent or feedback loops are present [18].

Despite the recognized importance of multidisciplinary research, there remains a significant

gap in understanding how to efficiently review such complex projects. Traditional review met-

rics, designed for unidisciplinary studies, often fail to capture the intricate and interconnected

nature of multidisciplinary research. This gap is evident in the logistical complexities and
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potential inconsistencies that arise when multiple reviewers, each specialized in different fields,

are required to evaluate the same project [14, 19, 20]. These challenges underscore the necessity

for developing and adopting more holistic and integrative review criteria that can effectively

assess the value and impact of multidisciplinary projects. Financial considerations further com-

plicate the review process, as multidisciplinary projects often require more substantial funding

allocations and long-term investment perspectives [21, 22]. This often necessitates the involve-

ment of multiple reviewers, each specialized in a particular discipline, which can lead to logistical

complexities and potential inconsistencies in the review process. Furthermore, the interdisci-

plinary nature of the projects means that traditional reviews metrics, which might be well-suited

for singular disciplinary research, may not be entirely applicable or might fail to capture the

nuances of multidisciplinary efforts. This necessitates the development and adoption of more

holistic and integrative reviews criteria. Financial considerations also come into play.

Given the collaborative nature of multidisciplinary projects, they often require more sub-

stantial funding allocations to support the diverse teams and resources involved. However, the

allocation of such funds can be challenging, especially in scenarios where the potential out-

comes and impacts of the research are not immediately tangible or where the return on invest-

ment is perceived to be long-term [21, 22]. In essence, the review of multidisciplinary projects

demands a more nuanced, flexible, and comprehensive approach, one that recognizes the

value of integrating diverse knowledge domains while also addressing the logistical and finan-

cial challenges that such integration entails [23].

The objective of this study is to address the complexities and challenges inherent in review-

ing multidisciplinary scientific research projects. Recognizing the pivotal role of collaborative

research across academic sectors in driving innovation and addressing multifaceted challenges,

this study seeks to elucidate the factors influencing the review process of such interdisciplinary

endeavors. To achieve this, this study employ the Decision Making Trial and Evaluation Labo-

ratory (DEMATEL) method with a 5-point scale. This method allows for a systematic identifi-

cation and analysis of the factors influencing the appraisal of multidisciplinary efforts. Our

approach involves the following steps: (1) Developing a systematic indexing framework to

identify factors influencing the review process; (2) Using expert-driven questionnaires to cap-

ture domain-specific insights and determine the significance and interplay of these factors; (3)

Employing the DEMATEL method to distill the data and pinpoint key influencing factors that

can bolster review efficiency. By integrating these methods, this study provides pragmatic

strategies and policy guidance, equipping institutional bodies and program leaders with the

tools to refine the review process for multidisciplinary scientific research projects. Among

them, review efficiency is defined as the effectiveness and convenience of the review process in

evaluating multidisciplinary scientific research projects [24]. Compared to traditional DEMA-

TEL methods which generally provide a broad overview, our 5-point scale DEMATEL method

addresses the need for handling uncertainties and varying degrees of influence more effec-

tively, capturing subtle interactions crucial for comprehensive analysis. The culmination of

these efforts aims to provide pragmatic strategies and policy guidance, arming institutional

entities and program leaders with the requisite tools to optimize the review process for multi-

disciplinary scientific research projects.

2 Literature review

2.1 Previous studies for reviews multidisciplinary projects

The multidisciplinary approach to research has become increasingly pivotal in addressing

complex scientific questions [25, 26]. Such projects, by their inherent nature, require a com-

prehensive and holistic reviews methodology that can cater to their diverse facets.
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Historically, the value of multidisciplinary research has been well-recognized. Bentrem’s

sabbatical insights at the Naval Research Laboratory [27] underscored the unique perspectives

and solutions that such approaches bring to scientific research. More recently, Beck et al. [28]

delved into the challenges of interdisciplinary collaboration, particularly between computer

science and social science. Their proposed tool for multidisciplinary dialogue emphasizes the

co-construction of models, with applications evident in areas such as post-earthquake human

behavior modeling. A study by Pan et al. [15] in small biotechnology firms revealed that proj-

ect success in multidisciplinary settings is influenced by the project knowledge scope and the

project manager’s experience. The study underscores the importance of skilled project man-

agement in navigating the complexities of multidisciplinary projects. Ma et al. [29] presented a

model for dividing responsibilities in multidisciplinary teams. This model, applied in an OEM

company, demonstrated improved efficiency and reduced conflict, highlighting the impor-

tance of clear role delineation in multidisciplinary settings. The role of leadership in project

management education, as discussed by Mazzetto [30], emphasizes the need for project man-

agers to possess strong leadership skills to guide diverse teams effectively. Burnette et al. [31]

identified five major themes crucial for successful data management in multidisciplinary proj-

ects, including intentional staffing and iterative improvement, which are essential for manag-

ing complex data landscapes. Studies by Mazzetto [32] and Urton et al. [33] focus on the

integration of practical experience in project management education, suggesting that real-

world experience is critical for preparing future project managers. Previous studies in multi-

disciplinary project management emphasize the importance of project knowledge scope, expe-

rienced leadership, clear role delineation, effective data management, and practical experience

in education for successful project outcomes in diverse and complex environments.

The integration of technology, especially artificial intelligence (AI) and machine learning,

has added a new dimension to multidisciplinary projects. Choudhury et al. [34] highlighted

the potential of machine learning in geriatric clinical care, emphasizing the need for standard-

ized reviews metrics. Furthermore, the demand for transparency in AI has spurred research in

explainable AI (XAI). Mohseni et al. [35] presented a comprehensive survey on XAI, bridging

the gap between various disciplines. In the academic domain, the trend towards open peer

review is gaining momentum. Lin et al. [36] introduced MOPRD, a dataset that encapsulates

the multifaceted nature of the peer review process. This dataset not only aids in generating

review comments but also finds applications in meta-review generation and scientometric

analysis. Despite the advancements, several limitations persist in the reviews of multidisciplin-

ary projects. Existing tools and methodologies, while promising, often lack empirical valida-

tion across diverse scenarios. The focus on open peer review, though extensive, is primarily

academic-centric, necessitating exploration in real-world project settings. The integration of

AI, while groundbreaking, is in its infancy, with challenges in standardization and ethical con-

siderations. Lastly, the practicality and acceptance of XAI in multidisciplinary contexts war-

rant further exploration.

2.2 DEMATEL model and its applications

The DEMATEL method has emerged as a pivotal tool in the domain of complex systems and

decision-making [37, 38]. The complexity of modern systems necessitates robust methodolo-

gies to understand and address intricate problems. One such methodology that has garnered

significant attention is the DEMATEL method, which facilitates the visualization and analysis

of causal relationships within a system. Originally conceived in the 1970s by the Battelle

Memorial Institute of Geneva, the DEMATEL method was designed to tackle research and

development challenges [39, 40]. The primary goal of DEMATEL is to visualize and quantify
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intricate causal relationships, making it indispensable in various domains, from technology

planning to risk management.

Unlike BWM (Best-Worst Method) [41], DIBR (Distance-Based Importance Rating) [42],

FUCOM (Full Consistency Method) [43], or LBWA (Level Based Weight Assessment) [44],

which are highly effective in contexts with clear hierarchical relationships and less intercon-

nectivity among criteria, DEMATEL excels in scenarios where the relationships between fac-

tors are not only weighted but also directional, providing a visual map of influence. The Best-

Worst Method (BWM) is highly efficient in cases requiring fewer pairwise comparisons, yet it

may not adequately capture the dynamic interplays in systems where criteria are interdepen-

dent. Similarly, DIBR and FUCOM provide robust frameworks for establishing criteria

weights based on distance measures and consistency checks, but they lack the capability to

visualize causal relationships among criteria. The LBWA method, while useful for layered deci-

sion contexts, does not directly address the feedback mechanisms inherent in our research

domain. In contrast, the DEMATEL method not only identifies the weight but also the direc-

tion of influence among factors, which is essential for the comprehensive analysis and practical

applications intended in our study.

Over the years, the DEMATEL method has undergone significant refinements. Its adapt-

ability has led to its application in diverse contexts, ranging from supply chain management to

the assimilation of emerging technologies [45]. Recent advancements have seen the integration

of fuzzy logic into DEMATEL, termed fuzzy DEMATEL, to better handle uncertainties inher-

ent in decision-making processes [46]. Furthermore, hybrid models combining DEMATEL

with other decision-making techniques have been introduced, bolstering its robustness and

applicability [47].

At the heart of DEMATEL is the direct relation matrix, which encapsulates the immediate

impacts of system components upon each other. This matrix is further transformed into a total

relation matrix, representing both direct and indirect influences. Formally, given a direct rela-

tion matrix D, the total relation matrix T is expressed as:

T ¼ DðI � DÞ� 1 ð1Þ

where I denotes the identity matrix. This mathematical representation emphasizes DEMA-

TEL’s capability to deduce overarching system dynamics from immediate interactions.

The DEMATEL method offers several advantages:

• Visualization of Causal Relationships: It creates a visual map to illustrate the interdepen-

dencies between factors [48].

• Quantification of Influence: DEMATEL quantifies the level of influence factors have on

one another, distinguishing it from other approaches that only evaluate pairwise relations

[48].

• Adaptability: Its versatility has led to applications in fields like social systems analysis, tech-

nology planning, and risk management [49].

Despite its strengths, the DEMATEL method has certain limitations:

• Complexity: The method can become complex when dealing with large systems.

• Subjectivity: The results can be influenced by the subjective judgments of experts.

• Data Requirements: Adequate and accurate data is essential for reliable results.

The DEMATEL method stands as a testament to the evolution of decision-making tools,

adeptly handling the complexities of modern systems [50, 51]. Its versatility and adaptability
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ensure its continued relevance in the ever-evolving landscape of complex systems research.

The complexity and interdependence of criteria in multidisciplinary research necessitate an

approach that goes beyond mere weighting. The DEMATEL method provides this by not only

quantifying the importance but also illustrating the influence dynamics among the criteria,

thereby offering deeper insights that are vital for effective management and optimization of

such projects.

3 Methodology

3.1 Development of the indexing framework

To develop a comprehensive indexing framework for the review efficiency of multidisciplinary

scientific research projects, a meticulous document collection and expert consultation process

has been employed. The framework was designed to capture the multifaceted nature of such

projects and provide a structured approach to evaluating their review efficiency.

For the document collection process, a literature search was conducted across several aca-

demic databases, including Elsevier’s ScienceDirect, SpringerLink, and various open access

publications. this study focus on documents published in the last two decades to ensure the rel-

evance and currency of our data. The search strategy involved using specific keywords such as

“multidisciplinary & influencing factors,” “scientific research projects & influencing factors,”

and “project reviews & indicators.” This approach yielded a substantial number of documents,

which were then rigorously screened to remove duplicates and retain only the most pertinent

studies. This process also ensured a diverse and comprehensive collection of literature, form-

ing the basis of our indexing framework.

For the expert consultation, the refinement of the indexing framework was further

enhanced through consultations with a panel of experts. These experts were selected based on

their qualifications, experience, and contributions to the field of project management and mul-

tidisciplinary research. They represented a mix of academic and industry perspectives, provid-

ing a well-rounded view of the factors influencing review efficiency. The number of experts

involved in the consultation process was carefully chosen to ensure a broad range of insights

while maintaining the manageability of the consultation process.

For the framework development, the indexing framework was developed through an itera-

tive process, combining insights from the literature review and expert consultations. This pro-

cess involved categorizing the influencing factors into distinct groups, such as project factors

and review factors, and then evaluating their interrelationships and impact on review effi-

ciency. The framework was designed to be adaptable, allowing for the incorporation of new

factors and insights as the field of multidisciplinary project management evolves.

This comprehensive approach to developing the indexing framework ensures that it is

grounded in both theoretical knowledge and practical insights, making it a valuable tool for

evaluating the review efficiency of multidisciplinary scientific research projects.

3.1.1 Project factors.

1. Technical capabilities (F1): The technical prowess of a project team determines its ability

to tackle complex challenges, innovate, and implement solutions. A team with advanced

technical capabilities can foresee potential technical hurdles and address them proactively,

ensuring smoother reviews [52].

2. Financial capabilities (F2): Adequate financial resources ensure that the project can secure

necessary tools, technologies, and expertise. Financial stability can expedite project phases,

reducing delays during reviews [34].
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3. Profitability (F3): Projects with clear profitability prospects are often better structured and

have clear objectives. This clarity can streamline the review process, as evaluators can easily

gauge the project’s potential return on investment [27].

4. Market factors (F4): Understanding market demands and trends is crucial. Projects

aligned with market needs are more likely to receive favorable reviews, as they demonstrate

relevance and potential for success [53].

5. Time factors (F5): Adherence to timelines and milestones indicates effective project man-

agement. Delays can complicate reviews, as they might indicate deeper issues with project

execution or planning [54].

6. Social factors (F6): Projects that consider societal impacts, stakeholder interests, and ethical

considerations are viewed more favorably. Such projects demonstrate a holistic approach,

considering not just technical or financial aspects but also their broader implications [55].

7. Psychological factors (F7): The morale, motivation, and mental well-being of the project

team can influence project outcomes. A motivated team is more likely to address challenges

proactively, ensuring a smoother review process [56].

3.1.2 reviews factors.

1. Review methodology (F8): The choice of review methodology can significantly impact the

efficiency of the review process. Structured, systematic methodologies that are tailored to

multidisciplinary projects can provide comprehensive insights and facilitate informed deci-

sion-making [36].

2. Reviewer expertise (F9): The expertise and experience of the reviewers are paramount.

Multidisciplinary projects require a diverse panel of experts who can evaluate the project

from various angles, ensuring a holistic review [34].

3. Feedback mechanisms (F10): Effective feedback mechanisms ensure that the project team

receives clear, actionable insights from the review. This facilitates iterative improvements

and enhances project outcomes [35].

4. Review criteria (F11): Clearly defined, relevant criteria ensure that the reviews process is

objective and consistent. This is especially crucial for multidisciplinary projects, which

might span multiple domains and require diverse reviews metrics [57].

5. Stakeholder involvement (F12): Involving relevant stakeholders in the review process can

provide valuable perspectives. Stakeholders can offer insights into market needs, societal

implications, and other factors that might not be evident to a purely technical review panel

[54].

6. Transparency and openness (F13): Transparent review processes, where the criteria,

methodologies, and feedback are openly shared, can build trust and facilitate collaboration

between the project team and reviewers [57].

7. Continuous monitoring (F14): Instead of one-off reviews, continuous monitoring and

periodic evaluations can provide ongoing feedback, allowing the project team to make real-

time adjustments and improvements [57].

The efficiency of reviews multidisciplinary projects is shaped by various internal and external

factors. Acknowledging and addressing these factors is imperative for a thorough and effective

project reviews.
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3.2 5-point-scale DEMATEL model

As mentioned earlier, the DEMATEL is a system analysis method that uses graph theory and

matrix tools to analyze the causal relationships and importance of complex systems in reality.

The DEMATEL method analyzes the research object based on experiments and knowledge,

sorting out the importance of various influence factors in the complex system and the relation-

ships between the influence factors. So far, this method has been used in computer science

[58], economics and management [59], social sciences [60], and other fields to solve practical

scientific problems [61, 62].

Up to now, related research based on the DEMATEL method in the field of multidisciplin-

ary project reviews is still very limited. To the best of our knowledge, this is the first study

using the DEMATEL-based method to analyze the influencing factors of multidisciplinary

project reviews efficiency and the influence relationships between these factors. Also, based on

the traditional DEMATEL method of scoring the mutual influence intensity between each fac-

tor, this study adds the step of scoring the influence intensity of each factor itself to improve

the accuracy of reviews. In addition, a five-point scoring system is used to score the degree of

influence of each factor as unimportant, relatively low, general, relatively high and very impor-

tant. The entire evaluation process of the 5-point-scale DEMATEL is as follows:

(1) Construct a direct influence matrix Q. Based on the scoring tables of each expert, take the

average of the scoring tables to construct the direct influence matrix.

(2) Normalize the matrix. Standardize the direct influence matrix to obtain the standardized

direct influence matrix D. The processes are shown in Eqs (2) and (3).

D ¼ ðdijÞðmþ1Þ�ðmþ1Þ
¼

Q
A

ð2Þ

A ¼ max max
1�i�mþ1

Xmþ1

j¼1

rij; max
1�j�mþ1

Xmþ1

i¼1

rij þ$

( )

ð3Þ

(3) Standardize the direct influence matrix to form a total influence matrix T.

T ¼ Dþ D2 þ D3 þ � � � þ Dn ¼ DðI � DÞ� 1 ð4Þ

(4) Calculate the influence, influenced degree, and thereby obtain the centrality and causality.

The influence degree r and influenced degree c of each element are shown in Eqs (4) and

(6).

r ¼ ½ri�n�1
¼

 
Xn

j¼1

tij

!

n�1

ð5Þ

c ¼ ½cj�1�n ¼

 
Xn

i¼1

tij

!0

1�n

ð6Þ

where ri represents the sum of the i-th row of the total influence matrix, called the influence

degree, representing the sum of the degree of influence of factor i on all factors in the sys-

tem; cj represents the sum of the j-th column, called the influenced degree, representing the
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sum of the degree to which factor j is influenced by all factors in the system. After obtaining

the influence degree r and influenced degree c of each factor, taking i = j, the centrality X
and causality Y of each factor are obtained through Eqs (7) and (8):

X ¼ r þ c ð7Þ

Y ¼ r � c ð8Þ

where X represents the importance of factor i in the system; similarly, Y represents the

degree and magnitude of factor i’s influence on the entire system. If ri − cj> 0, it indicates

that the influence of factor i on other factors is greater than the influence of other factors on

factor i, i.e. factor i influences other factors and belongs to the cause factors; conversely, if ri
− cj< 0, it indicates that the influence of factor i on other factors is less than the influence

of other factors on factor i, i.e. factor i is influenced by other factors and belongs to the

result factors.

The traditional DEMATEL method, known for its ability to visualize and quantify complex

causal relationships within systems, has been adapted to better suit the intricacies of multidis-

ciplinary project reviews. The 5-point-scale DEMATEL method in this study introduces a

novel five-point scoring system, allowing for a more granular assessment of the influence of

each factor, ranging from ‘unimportant’ to ‘very important’. This granularity addresses the

need for a more nuanced understanding of the varying degrees of influence among factors,

allowing for deeper insights into complex system interdependencies, and enhancing decision-

making and policy formulation in multidisciplinary research settings. Additionally, the study

incorporates a new step of scoring the influence intensity of each factor individually, further

refining the accuracy of the review process. These improvements in the DEMATEL method

provide a more precise and detailed analysis of the factors influencing the efficiency of reviews

in multidisciplinary scientific research projects, thereby offering deeper insights and more

actionable outcomes.

The step by step algorithm for proposed methodology can be handled as follows:

1. Identification of criteria and factors: We begin by identifying and listing all relevant fac-

tors that influence the efficiency of multidisciplinary scientific research projects. This initial

step involves consultations with experts and a review of the literature to ensure comprehen-

sive coverage.

2. Construction of the initial direct relation matrix: Using the 5-point scale (ranging from

0, no influence, to 4, very high influence), experts rate the influence of each factor on every

other factor. This forms the initial direct relation matrix, where each cell indicates the

degree of influence between pairs of factors.

3. Normalization of the direct relation matrix: The matrix obtained from the previous step

is normalized to ensure that the sum of all influences does not exceed unity. This step is cru-

cial for maintaining consistency and comparability in the subsequent analysis.

4. Calculation of the total relation matrix: Through matrix operations, we convert the nor-

malized direct relation matrix into a total relation matrix, which reflects both the direct and

indirect influences among the factors. This matrix helps in visualizing the complex interde-

pendencies within the system.

5. Determination of prominence and relation: We calculate the prominence (the sum of a

factor’s given and received influences) and the relation (the difference between the given
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and received influences) for each factor. This helps in categorizing the factors into cause

and effect groups, providing a clear indication of their roles within the research ecosystem.

6. Interpretation and application: The final step involves interpreting the calculated values

to make informed decisions regarding the management and optimization of multidisciplin-

ary research projects. The findings are used to recommend strategies for enhancing

research efficiency based on the identified key drivers.

3.3 Model building process

In this study, we employ the DEMATEL method with a 5-point scale to analyze the factors

influencing the review efficiency of multidisciplinary scientific research projects. The DEMA-

TEL method is a widely recognized tool for visualizing and quantifying the causal relationships

among complex system components. It has been previously applied in various fields such as

supply chain management, risk assessment, and technology planning [39, 49].

Step 1. Indexing framework development

• Literature Review: We conducted a comprehensive search of academic databases including

Elsevier’s ScienceDirect, SpringerLink, and various open-access publications. The search

focused on documents published in the last two decades to ensure relevance and currency.

Keywords such as “multidisciplinary influencing factors,” “scientific research project

reviews,” and “project evaluation indicators” were used to filter pertinent studies.

• Number of Documents Reviewed: Initially, 800 documents were identified through this

search. These documents included peer-reviewed journal articles, conference papers, and

review articles. The initial set of documents was screened to remove duplicates, resulting

in 650 unique documents. We then conducted a relevance assessment based on titles and

abstracts, narrowing the set down to 200 documents. Further refinement based on full-text

reviews led to the selection of 100 key documents that were most pertinent to our study

objectives.

• Criteria for Selection: Documents were selected based on their relevance to the identifica-

tion of influencing factors in multidisciplinary research project reviews, methodological

rigor, and the significance of their findings in the context of our study.

Step 2. Expert Consultation

• Panel Composition and Reasoning: The experts were predominantly from Pakistan due to

their extensive experience and involvement in multidisciplinary research projects and

reviews in both academic and industrial sectors. Pakistan has a robust and diverse aca-

demic community that engages in numerous multidisciplinary projects, making it a suit-

able context for our study. Additionally, the accessibility and willingness of these experts

to participate in the study were crucial factors in their selection.

• Number of Experts: We involved 15 experts in total.

• Expert Characteristics: The panel consisted of well-qualified individuals who had served

on various selection committees and had substantial experience in project management

and multidisciplinary research. Their backgrounds included academic researchers, indus-

try professionals, and policy advisors with expertise in areas such as engineering, environ-

mental science, computer science, and management.
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Step 3. Expert-Driven Questionnaires

• Design: We designed and distributed questionnaires (See S1 Questionnaire) to the selected

experts. The questionnaires were structured to capture the significance and interplay of

identified factors using a 5-point scale.

• Data Collection: Valid expert questionnaires were collected, and the responses were used

to construct a direct influence matrix. This matrix represents the immediate impacts of

system components upon each other.

Step 4. DEMATEL analysis

• Normalization: The direct influence matrix was normalized to create a total relation matrix

that represents both direct and indirect influences among factors.

• Calculation of Influence and Centrality: Using the DEMATEL method, we calculated the

influence degree, influenced degree, centrality, and causality of each factor. These calcula-

tions helped us identify key influencing factors that enhance review efficiency.

4 Data acquisition in 5-point-scale DEMATEL

To obtain the direct influence matrix, based on the indicator system of influencing factors of

multidisciplinary project reviews efficiency obtained in the previous section, an influencing

factor expert scoring table was designed. This expert scoring table is a 14x14 grid, where 14

represents the 14 influencing factor indicators screened out for affecting multidisciplinary

project reviews efficiency. By inviting experts and scholars in the fields of project management

and project reviews, the importance of each factor and the influence between factors were

scored. Finally, valid expert questionnaires were collected, and the questionnaire of each expert

could separately obtain the corresponding direct influence matrix of the decision maker. The

following gives the standards for selecting relevant experts and the structure and content of the

questionnaire.

4.1 Selection of experts

The selection of domain experts is a critical step in the DEMATEL process, ensuring the reli-

ability and validity of the elicited knowledge. Historically, experts have been chosen based on

their qualifications, experience, and previous contributions to the field. For instance, in the

study by Muhammad Sohail and Abdur Rashid Khan, experts were selected from various pub-

lic and private organizations, including educational institutions, industries, and research enti-

ties in Pakistan. These experts were not only well-qualified but had also been members of

selection committees for different posts multiple times, ensuring their credibility in the

domain [63].

4.2 Questionnaire structure and content

The questionnaire serves as a primary tool for knowledge elicitation in the DEMATEL

method. Typically, it is structured to capture the intricate cause-and-effect relationships within

the system under study. In the context of evaluating teachers’ performance in higher educa-

tion, a questionnaire was divided into main groups of factors, further subdivided into individ-

ual questions [64]. This hierarchical structure ensures a comprehensive capture of all relevant

aspects.
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The content of the questionnaire is derived from a combination of literature analysis and

expert consultation. Keywords relevant to the domain, such as “multidisciplinary + influencing

factors” or “project reviews + indicators”, are used to search and retain preliminary eligible lit-

erature. Post manual screening, duplicate elements are removed, and the remaining elements

are further refined through expert consultations [63].

It’s worth noting that the questionnaire’s design often incorporates advancements in the

field. For instance, the integration of fuzzy logic has been proposed to handle uncertainties bet-

ter, leading to the development of fuzzy DEMATEL questionnaires. Moreover, hybrid

approaches have been suggested, combining DEMATEL with other decision-making tech-

niques to enhance its applicability [65].

5 Experimental results

Averaging the expert scoring tables yielded the direct influence matrix, as shown in Table 1.

Subsequently, application of the 5-point-scale DEMATEL methodology furnished the ultimate

table of centrality and causality measures of factors impacting multidisciplinary project

reviews efficiency, delineated in Table 2.

5.1 Influence relationships analysis

As illustrated in Table 2, factors affecting the efficiency of multidisciplinary project reviews

can be categorized into causal and resultant factors. Factors F1, F2, F3, F4, F6, and F7 exhibit

positive causality and form the causal factor group, whereas factors F5, F8, F9, F10, F11, F12,

F13, and F14 display negative causality, constituting the resultant factor group. As highlighted

in the aforementioned classification, most of the reviews factors among the chosen influencing

indicators are causal. In contrast, the bulk of project factors are resultant. This suggests that

reviews factors influence the efficiency of multidisciplinary project reviews, implying that the

efficiency largely hinges on evaluative aspects like the assessment approach. Meanwhile, corre-

sponding project factors primarily serve as outcomes.

5.1.1 Cause factors group. Except for social factors (F6) and psychological factors (F7),

the primary causal factors for multidisciplinary project reviews are assessment-oriented. The

influence of social factors (F6) can be rationalized as the overall efficiency of multidisciplinary

project reviews, which is hard to enhance in the short term due to its interdisciplinary essence.

Table 1. Direct influence matrix Q.

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14

F1 3.892 4.113 2.780 2.779 3.001 3.223 3.781 3.668 3.779 4.444 4.558 4.336 3.224 3.779

F2 4.002 4.002 2.891 3.002 3.113 3.446 4.112 4.002 3.446 4.225 4.557 4.335 3.225 3.779

F3 3.223 3.113 4.002 4.225 4.111 3.111 2.892 2.890 3.446 3.222 3.559 3.781 2.890 2.889

F4 3.669 3.780 4.335 4.224 4.557 3.446 3.333 3.222 3.335 3.446 3.891 4.113 3.224 3.225

F5 3.114 3.556 3.891 4.112 3.890 3.003 3.112 3.000 2.668 3.000 3.002 2.890 2.892 2.780

F6 3.114 3.223 4.003 3.558 3.444 3.668 3.891 4.334 3.891 4.556 4.334 4.445 4.002 3.891

F7 3.335 3.446 2.668 2.336 2.334 3.669 4.557 4.223 3.667 4.224 4.447 4.334 4.558 4.559

F8 3.224 3.444 2.779 2.891 2.557 3.225 3.890 4.114 2.889 4.557 4.892 4.447 4.335 4.113

F9 2.559 2.558 2.670 2.558 2.336 3.223 2.891 3.113 3.335 3.558 3.778 3.557 3.001 3.003

F10 3.670 3.557 3.779 3.669 3.447 3.445 3.336 3.779 3.891 4.446 4.557 4.334 3.334 3.113

F11 4.224 3.668 4.000 3.781 3.781 3.669 3.670 4.002 3.335 4.779 4.890 4.444 3.556 3.892

F12 3.668 3.558 3.001 3.223 3.446 3.558 4.000 3.559 2.778 4.335 4.447 4.667 3.445 3.669

F13 2.669 2.669 2.335 2.336 2.669 4.002 3.891 2.890 3.668 4.225 3.668 3.668 3.891 3.892

F14 3.559 2.780 2.333 2.335 2.779 3.780 4.001 3.668 3.557 3.559 4.225 3.668 4.113 4.333

https://doi.org/10.1371/journal.pone.0315349.t001
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Consequently, it’s challenging to see immediate effects from social influences. This suggests

that social factors might sway other determinants over the long run.

Psychological factors (F7) exhibit a positive causality, diverging from most project factors

in the causal group. This underscores that the psychological quality of a project team mirrors

its capacity to proficiently execute and complete a project—a competence potentially influenc-

ing other aspects of multidisciplinary project review evaluations. Moreover, the effectiveness

of such reviews is also influenced by project determinants, as psychological factors show strong

mutual impacts with other elements.

Market factors (F4) and social factors (F6) are the most obvious in the causal group, albeit

for different reasons. While social factors rank second highest amongst all determinants in

terms of impact, market factors attain prominence due to traditional multi-scientific projects’

focus on theoretical bases.

5.1.2 Resultant factors group. With the exception of time factors (F5), the resultant

group primarily consists of project-oriented elements. Despite being a resultant factor, time

factors display an almost negligible causal value, indicating no pronounced influential connec-

tions. This reveals that time factors are not a primary influencer of multidisciplinary project

reviews efficiency.

In the resultant group, the centrality sequence is F11 >F12 >F10>F8 >F14 >F13 >F5

>F9. Notably, F11, F12, and F10 possess larger centrality and influence, thus making their

causal values deviate further from zero. This emphasizes their importance in holistic multidis-

ciplinary project evaluations.

Review criteria (F11) stands out, ranking highest in both influence and being influenced.

This demonstrates its pivotal role in the reviews process. In contrast, review methodology (F8)

exhibits moderate influence values. Continuous monitoring (F14) and transparency and open-

ness (F13) wield moderate influence on other factors. Conversely, time factors (F5) and

reviewer expertise (F9) rank lower in both categories, implying they aren’t primary drivers for

reviews efficiency in multidisciplinary projects.

5.2 Key factors identification and analysis

An in-depth analysis of the essential determinants affecting multi-disciplinary project reviews

proficiency was carried out based on the previously discussed findings. Review criteria (F11)

Table 2. Centrality and causality of factors impacting multidisciplinary project reviews efficiency.

Index Influence degree r Ranking Influenced degree c Ranking Centrality X Ranking Causality Y Ranking

F1 5.668 9 5.308 8 10.997 9 0.380 4

F2 5.781 5 5.241 10 11.022 8 0.540 3

F3 5.214 11 5.008 12 10.221 12 0.206 5

F4 5.710 6 4.955 14 10.665 10 0.755 1

F5 4.951 13 5.004 13 9.955 13 -0.053 8

F6 6.001 2 5.299 9 11.300 6 0.703 2

F7 5.797 3 5.697 5 11.494 4 0.100 6

F8 5.699 7 5.701 4 11.400 5 -0.002 7

F9 4.660 14 5.174 11 9.833 14 -0.514 13

F10 5.788 4 6.223 3 12.011 3 -0.435 12

F11 6.166 1 6.588 1 12.754 1 -0.421 11

F12 5.697 8 6.321 2 12.018 2 -0.623 14

F13 5.123 12 5.505 7 10.625 11 -0.378 10

F14 5.383 10 5.639 6 11.022 7 -0.256 9

https://doi.org/10.1371/journal.pone.0315349.t002
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holds a paramount position in terms of influence, being influenced, and centrality among all

indicators, underscoring its pivotal role in multi-disciplinary project reviews. Review criteria

not only profoundly affect other elements in multi-scientific project assessments but also

observably influence aspects such as transparency and openness (F13), cementing its indis-

pensable position.

Stakeholder involvement (F12), with its high centrality rank (X12 = 12.018) and influenced

magnitude (C12 = 6.321), underscores that stakeholder participation is vital for comprehensive

multi-disciplinary project reviews. Its tight association with market factors (F4) posits it as a

foundational element for multi-scientific projects, solidifying its status as a key determinant.

Feedback mechanisms (F10) possess notable influence in both directions, indicative of its

tight integration with other assessment influencing factors. This underscores its substantial

influence over multi-disciplinary project reviews, suggesting that refining feedback mecha-

nisms could enhance the efficacy of such reviews.

In a similar vein, psychological factors (F7) and review methodology (F8) boast substantial

centrality values (X7 = 11.494; X8 = 11.400), indicating their closely-knit roles and importance

within the reviewing framework. Their substantial positions label them as primary

determinants.

The considerable influential rating of social factors (F6) (r6 = 6.001), combined with its pro-

nounced centrality (X6 = 11.300), highlights the deep-rooted influence of social considerations

on multi-disciplinary project reviewing efficiency. Consequently, social factors (F6) emerge as

a critical factor, signifying its weight in gauging a project’s appropriateness.

Among all project-related determinants, financial capabilities (F2) and market factors (F4)

exhibit heightened sensitivity in multi-disciplinary project reviews. Being the most influential

project determinants (r2 = 5.781; r4 = 5.710), and ranking fifth and sixth respectively among

all factors, both financial capabilities (F2) and market factors (F4) stand out as crucial external

enterprise factors in multi-disciplinary project evaluations.

The analytical exploration identified seven paramount determinants influencing service-

oriented manufacturing using this methodological approach: financial capabilities (F2), mar-

ket factors (F4), social factors (F6), psychological factors (F7), feedback mechanisms (F10),

review criteria (F11), and stakeholder involvement (F12).

5.3 Comparative analysis of DEMATEL-based methods

In this section, we provide a detailed comparative analysis of our 5-point scale DEMATEL

method against other contemporary methods such as the D-number based Pythagorean Fuzzy

DEMATEL by Nila & Roy [66], the Hybrid DEMATEL Method by Chu, Li, & Yu [67], and the

combined DEMATEL-ANP Model by Mousavi et al. [68]. In addition, in addition to the

DEMATEL-based method, traditional methods including LBWA, FUCOM, and BWM are

also qualitatively compared with the proposed 5-point DEMATEL method. The objective of

this comparison is to highlight the unique capabilities of our method in handling complex

decision-making scenarios with enhanced precision.

5.3.1 Comparison criteria. The methods were compared based on the following criteria:

• Precision in influence quantification

• Ability to handle data imprecision and uncertainty

• Applicability in complex multidisciplinary settings

• Clarity and actionability of outputs
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5.3.2 Comparative analysis. As shown in Table 3, the DEMATEL-based method is partic-

ularly suited for examining complex systems where factors exhibit both interdependence and

directional influence. This strength differentiates it from methods like LBWA, FUCOM, and

BWM, each of which addresses specific types of decision-making contexts with unique benefits

and limitations:

• LBWA: Primarily designed for hierarchical decision-making, LBWA offers efficient compu-

tation of weights but does not account for interdependencies or feedback loops among crite-

ria, which are essential in multidisciplinary projects where criteria influence each other

bidirectionally. LBWA’s limitation in handling feedback mechanisms restricts its use in

highly interdependent contexts.

• FUCOM: FUCOM is noted for its consistency checks and robustness in assigning weights

but is limited in capturing the dynamic causal relationships that DEMATEL provides. While

effective in scenarios with clear and independent criteria, FUCOM lacks the capability to

visualize the degree and direction of influence between factors, a critical need in evaluating

the complex, reciprocal relationships present in scientific research project reviews.

• BWM: The Best-Worst Method streamlines the decision process with fewer pairwise com-

parisons and has proven effective for settings with well-defined priorities and lower interde-

pendence among factors. However, its framework does not support detailed causality

mapping. Unlike DEMATEL, BWM does not offer a mechanism to quantify how one factor

influences another, making it less suitable for contexts where understanding causality and

influence directions is essential.

The 5-point DEMATEL approach used in this study adds an additional layer of granularity

by scoring the influence of factors on a scale ranging from “unimportant” to “very important.”

This enhances the model’s precision and applicability in multidisciplinary research evaluation,

where factors often interact in complex ways. DEMATEL’s ability to map these relationships

visually and quantify both direct and indirect influences provides a comprehensive view, set-

ting it apart from these alternative methods and making it a robust tool for strategic decision-

making in research evaluations.

5.3.3 Performance analysis. The D-number based Pythagorean Fuzzy DEMATEL and

the Hybrid DEMATEL Method incorporate innovative approaches to handle uncertainty and

data imprecision. However, these methods do not provide the same level of detail in the influ-

ence scoring mechanism as our 5-point scale DEMATEL method. The combined DEMATE-

L-ANP Model, which was utilized to improve patient satisfaction by optimizing operation

room performance, shows robust performance in practical healthcare settings, yet it does not

offer the granularity provided by our method.

The 5-point scale DEMATEL method not only excels in providing detailed and precise

assessments of influence levels but also offers clear and actionable insights that are crucial for

Table 3. Comparison of DEMATEL methods.

Method Precision Handling imprecision Actionable insights

Pythagorean Fuzzy DEMATEL Moderate High Moderate

Hybrid DEMATEL Low Moderate Low

DEMATEL-ANP Moderate High High

5-point scale DEMATEL High Moderate Very High

https://doi.org/10.1371/journal.pone.0315349.t003
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strategic decision-making in complex research settings. This makes it a superior choice for

projects requiring in-depth analysis and robust decision support.

6 Discussion

This study provides a comprehensive exploration into the factors influencing the review effi-

ciency of multidisciplinary scientific research projects using the DEMATEL method with a

5-point scale. Our findings yield several significant contributions to the field of multidisciplin-

ary research evaluation.

6.1 Contextualization in the literatures

The findings of this study are contextualized within the broader literature on multidisciplinary

project evaluation and innovation management. Previous studies have highlighted the impor-

tance of integrated frameworks and collaborative efforts in evaluating multidisciplinary proj-

ects. For instance, Dytczak and Ginda applied DEMATEL-based ranking approaches in

economic and management contexts [28], while Yin et al. emphasized the role of digital green

innovation in sustainable manufacturing [10]. Our study builds on these applications by focus-

ing specifically on the review process of multidisciplinary research projects, thereby contribut-

ing to the existing body of knowledge with a targeted and practical approach.

6.2 Added value of the study

The novelty of our study lies in its focus on the review process itself, rather than the outcomes

of multidisciplinary research. By employing the DEMATEL method, we provide a structured

approach that captures the intricate interdependencies among various influencing factors.

This methodological advancement adds significant scientific value by enhancing the precision

and reliability of the review process. Our study’s findings offer practical implications for insti-

tutions and funding agencies involved in multidisciplinary research, providing actionable

insights that can be used to refine and improve the review process.

6.3 Methodological strengths

Our study employs the DEMATEL method with a 5-point scale, which allows for a systematic

identification and analysis of factors influencing the review process. This method has been

widely recognized for its ability to visualize and quantify causal relationships within complex

systems [39, 49]. The integration of expert-driven questionnaires further enhances the reliabil-

ity and validity of our findings by capturing domain-specific insights. The methodological

rigor of our study ensures that the identified factors are robust and actionable, providing a

valuable framework for improving the review process in multidisciplinary research settings.

6.4 Quantitative reasoning and comparison with benchmarks

To illustrate the significance of our findings, we compare the review efficiency improvements

identified in our study with benchmarks from previous research. For instance, our analysis

revealed that review criteria (F11), stakeholder involvement (F12), and feedback mechanisms

(F10) have the highest centrality and influence on review efficiency. These findings are in line

with previous studies such as those by Yin et al. (2024), which highlight the importance of

well-defined review frameworks and active stakeholder participation in enhancing digital

green innovation performance.

Moreover, our 5-point-scale DEMATEL method, with its five-point scoring system, pro-

vides a more granular assessment of influencing factors compared to traditional methods. This
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allows for a more nuanced understanding of the varying degrees of influence among factors, as

demonstrated by the increased centrality scores of key factors in our study. For example, the

centrality score of review criteria (F11) in our study was 12.754, significantly higher than the

average centrality scores reported in previous studies using conventional DEMATEL methods.

6.5 Sensitivity analysis

In order to rigorously test the robustness of the 5-point scale DEMATEL method applied in

our study, a comprehensive sensitivity analysis was conducted. This analysis aims to ascertain

the stability of the findings under variations in input data and model parameters. Below we

detail the procedures and outcomes of this sensitivity analysis, reinforcing the validity and reli-

ability of our research conclusions.

6.5.1 Procedure of sensitivity analysis. The sensitivity analysis was structured into three

main tests:

1. Parameter Variability Test: This test involved varying the weights assigned to different cri-

teria within a realistic range to observe how these changes impact the outcome of the

DEMATEL analysis. This helps in understanding the influence of each parameter on the

final decision-making process.

2. Data Perturbation Test: We introduced small random perturbations to the input data to

simulate the effect of potential data collection errors or uncertainties in data measurement.

The perturbations were limited to a maximum of 5% of the original data values to reflect

realistic inaccuracies.

3. Scenario Analysis: Different project scenarios were simulated to evaluate the adaptability

of the DEMATEL method. Scenarios included changes in project priorities, shifts in collab-

oration dynamics, and alterations in interdisciplinary integration.

6.5.2 Results of sensitivity analysis. The results from the sensitivity analysis indicated

that:

• The Parameter Variability Test showed that the overall structure of influence among the

criteria remained stable, although the intensity of influence varied slightly with changes in

parameter weights. This suggests that while the relative importance of criteria can affect the

results, the general relationships are robust.

• In the Data Perturbation Test, the core findings of our DEMATEL analysis persisted

despite the introduction of data inaccuracies, indicating a high level of resilience to errors in

data collection.

• The Scenario Analysis demonstrated that our 5-point scale DEMATEL method adapts well

to varying project conditions, maintaining its effectiveness across different hypothetical proj-

ect environments.

6.5.3 Implications of sensitivity analysis. The sensitivity analysis provides critical

insights into the reliability of the 5-point scale DEMATEL method. By confirming that our

results are consistent across a range of conditions and assumptions, we can assert the robust-

ness of our methodology. These findings bolster the applicability of the 5-point scale DEMA-

TEL method for multidisciplinary research project evaluations, ensuring that decision-makers

can rely on the integrity and stability of the insights derived from this approach.
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In conclusion, the sensitivity analysis confirms the robustness of our findings and highlights

the resilience of the 5-point scale DEMATEL method to variations in data and operational sce-

narios. This adds an important layer of credibility to our study, providing stakeholders with

confidence in the reliability of our analytical approach.

6.6 Limitations

While our study offers significant contributions, it is not without limitations. The reliance on

expert-driven questionnaires may introduce subjective biases, despite efforts to ensure a

diverse and knowledgeable panel. Additionally, the focus on the review process may limit the

generalizability of our findings to other stages of multidisciplinary research. Future research

could address these limitations by exploring the application of our identified factors in differ-

ent contexts and disciplines, and by integrating advanced data analytics and machine learning

techniques to further enhance the review process.

7 Conclusion

This study has demonstrated the applicability and effectiveness of the 5-point scale DEMATEL

method in evaluating multidisciplinary scientific research projects. By incorporating a

nuanced scoring system, our approach provides a more detailed and granular analysis of the

interdependencies among project factors than traditional DEMATEL methods. Our findings

offer significant insights into the complex dynamics of multidisciplinary projects. The meth-

od’s ability to visualize and quantify both direct and indirect influences among project criteria

allows project managers to better understand the pivotal factors driving project success or fail-

ure. This enhanced understanding can lead to more informed decision-making and improved

project outcomes. The primary contributions of our research lie in the adaptation of the

DEMATEL method to include a 5-point scale, which significantly refines the granularity of

influence assessments. Additionally, our empirical application of this method to a real-world

multidisciplinary project not only validates its utility but also showcases its potential to be

adopted in other complex research environments.

While the 5-point scale DEMATEL method provides improved insights, it also introduces

complexities in data collection and analysis, as the accuracy of the outcomes heavily depends

on the precision of the input data. Furthermore, the method requires expert knowledge to

accurately rate the influence levels, which may not always be readily available. Future studies

could explore the integration of the 5-point scale DEMATEL method with other decision-

making frameworks to enhance its robustness and applicability. Additionally, research could

focus on automating the data collection process to minimize human error and bias in the

influence rating process. Another promising direction would be to apply this method across

different fields and compare its effectiveness in diverse multidisciplinary settings.
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