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Abstract

This study aimed to identify the most relevant factors influencing the effectiveness of self-assessment and external
evaluation processes in higher education in Ecuador. Through an analytical approach, the DEMATEL method
integrated with neutrosophic logic was employed to evaluate interactions, prioritize these factors, and enhance
information fusion in decision-making. The methodology allowed for the incorporation of inherent uncertainty
and subjectivity in evaluation, generating a more adaptive and robust model for integrating multiple sources of
information. The results revealed that key factors included the clarity of quality indicators, institutional
commitment to continuous improvement, training of evaluators, and institutional infrastructure. Furthermore, the
study highlighted that the fusion of internal and external evaluation data is crucial for a comprehensive quality
assessment. The most influential factors within the system were identified as the impact of evaluation results on
decision-making and infrastructure quality. Findings indicate that improving educational quality in Ecuador
requires strengthening data integration mechanisms, ensuring coherence between self-assessment and external
evaluation, and optimizing the interaction between different quality assurance processes. It is recommended to
enhance information fusion strategies in quality assurance policies to improve the efficiency and accuracy of
evaluation processes in higher education.

Keywords: Information fusion; Quality assessment; Higher education; University self-assessment; DEMATEL
method; Neutrosophic logic

1. Introduction

Higher education plays a fundamental role in the social, economic and cultural development of countries [1]. This
is due to its role as the primary driver of highly qualified human capital formation, knowledge production, and the
generation of solutions to societal challenges [2], [3]. In Latin America, and particularly in Ecuador, the university
system has undergone significant transformations in recent decades. These transformations have been driven by
factors such as the expansion of enrollment, the diversification of institutions, and the implementation of public
policies aimed at improving educational quality [4].

The Ecuadorian university, like many in the region, is the result of a historical process that has given rise to a
diverse ecosystem, composed of long-standing institutions, emerging universities, and recently established
academic centers. Each of these institutions possesses unique management models that reflect both the evolution
of the regulatory context and the specific dynamics of the sector [5].

In this context, ensuring the quality of higher education has become a central focus of university management and
state policies [6], particularly through evaluation and accreditation processes [7]. Since the enactment of the
Organic Law of Higher Education (LOES) in 2010, Ecuador has established a quality assurance system based on
the regulation of institutions and the implementation of external and internal evaluation mechanisms [8].
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The creation of the Council for Quality Assurance in Higher Education (CACES) has strengthened the oversight
of the university system, promoting standards aimed at ensuring compliance with fundamental principles such as
relevance, equity, and academic excellence [8]. However, more than a decade after the establishment of these
processes, challenges persist regarding the effectiveness of self-assessment and external evaluation in substantially
improving institutional performance and the impact of higher education on society [9].

One of the main debates in the academic literature on university quality lies in the way these evaluation processes
are conceived and executed. While some approaches, such as quality as an exception, focus on achieving standards
aligned with international models [10], others, such as quality as adequacy to objectives, emphasize the ability of
universities to define and meet their own institutional goals [11]. In Ecuador, the current evaluation model,
reflected in the CACES instruments of 2019 and 2023, seeks a balance between these approaches, promoting a
culture of continuous self-assessment that allows institutions to identify strengths and areas for improvement based
on their own realities and strategic objectives [12]. However, there remains a need to analyze which factors
influence the effectiveness of these processes and how they can be optimized to sustainably strengthen educational
quality.

This study aims to determine the most relevant factors influencing the effectiveness of self-assessment and external
assessment processes to ensure quality in higher education in Ecuador. To achieve this, an analytical approach is
adopted based on the identification of key dimensions that affect the success of these processes. Methodologically,
the study employs a multi-criteria decision model that allows for the weighting of the relevance of each of these
factors based on their impact on the continuous improvement of higher education.

Data from higher education institutions that have participated in self-assessment and accreditation processes in
recent years will be analyzed, considering institutional performance indicators and perceptions of key stakeholders.
The use of quantitative and qualitative analysis techniques will provide a comprehensive understanding of the
phenomenon, facilitating the identification of patterns and best practices applicable in the Ecuadorian context.

The relevance of this study lies in its contribution to the debate on university quality, providing inputs that can be
used by both regulatory bodies and higher education institutions themselves to improve their assessment and
management processes. In the context of increasing digital transformation, educational globalization, and changes
in labor market demands, ensuring a flexible, equitable, and high-quality higher education system is a priority for
the country's development. Understanding the factors that determine the effectiveness of self-assessment and
external evaluation processes will enable progress toward a more autonomous, innovative, and socially committed
higher education model.

2. Methodology
Preliminaries

Definition 1 (J13]) Let X be a space of points (objects) with generic elements in X denoted by x. A single-valued
neutrosophic set (SVNS) A in X is characterized by truth-membership function T a (X), indeterminacy-membership
function Ia (x), and falsity membership function Fa (x). Then, an SVNS A can be denoted by A = {x, Ta(x), l1a(x),
Fa(X) x € X}, where Ta (X), 1a (X), Fa (X) € [0, 1] for each point x in X. Therefore, the sum of Ta (x), Ia (X) and
Fa (x) satisfies the condition 0 < Ta (X) + Ia(X) + Fa(x) < 3.[14]

Definition 2 ([15]) Let Ex =(T«, Ik, Fx) be a neutrosophic number defined for the rating of k-th decision maker.
Then, the weight of the k-th decision maker can be written as:

Wy = 11T () 2+ 1 () 2+ (F(0))21/3 ()
K R Ik 2+ (k) P+ (FC)?1/3

Further, in achieving a favorable solution, the group decision making is important in any decision making
process. In the group decision-making process, all the individual decision maker assessments need to be aggregated
to one aggregated neutrosophic decision matrix. This can be done by employing single valued neutrosophic
weighted averaging (SVNWA) aggregation operator proposed by Ye [16].

Definition 3 ([16]) Let D ®=(dij®¥)mxbe the single-valued neutrosophic decision matrix of the k-th decision maker
and ¢ = (P19, ..., P,)" be the weight vector of decision maker such that each 1, € [0,1],D = (dij)mxn Where

dij =(1- £=1 (1 - Tiﬁp))wk ’ £:1 (Ii(},))wk ’ izl (Fi(jp))wk) )

Definition 4 ([15], [17]) Deneutrosophication of SVNS N can be defined as a process of mapping N into a single
crisp output f: N — 1* for x e X . If N is discrete set then the vector of tetrads N = {(x | Tr(x), In(X), Fr(X)) | x €
X} is reduced to a single scalar quantity y*€X by deneutrosophication. The obtained scalar quantity y*€X best
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represents the aggregate distribution of three membership degrees of neutrosophic element Tx (X), It (X), Fr (X).
Therefore, the deneutrosophication can be obtained as follows.

P =1-[A =T (x))? + U ())? + (F(x))21/3 @)

The study was developed using an analytical approach based on the application of the DEMATEL method [18],
with the purpose of identifying and evaluating the factors that influence the effectiveness of self-assessment and
external evaluation processes in Ecuadorian higher education. This methodology allowed for the establishment of
causal relationships between the considered factors, determining those that have the greatest impact on the quality
of the university system. However, since decision-making in this context involves uncertainty and subjectivity,
neutrosophic logic was incorporated to more accurately represent the degrees of truth, falsity, and indeterminacy
in the evaluation of the factors [19], [20].

Initially, the key criteria influencing the effectiveness of evaluation processes were defined, based on a
documentary analysis and a review of previous models of quality assessment in higher education. A data collection
instrument was designed based on the opinions of six experts in university management and quality assurance,
who participated in assigning influence relationships between the factors using linguistic scales adapted to
neutrosophic logic.

The data obtained were processed using the DEMATEL method in its neutrosophic version, according to the
method explained in [21]. The neutrosophic extension of the method was applied to incorporate uncertainty into
the evaluation, thereby allowing for a more flexible modeling of the experts’ perceptions. This enabled the
identification of the factors that exert the greatest influence on the effectiveness of self-assessment and external
evaluation processes, establishing a hierarchy based on their causal weight within the system.

Based on the results of the DEMATEL analysis, an effort was made to classify the factors into two broad
categories: drivers and dependents. Drivers are those with the greatest capacity to influence the system, while
dependents reflect factors whose performance is conditioned by other elements. This approach not only helps
determine which factors are critical to the effectiveness of evaluation processes but also provides an understanding
of how they interact within the higher education ecosystem [18-20].

The use of neutrosophic logic enabled a more robust approach to the problem by allowing the explicit
representation of the uncertainty inherent in expert judgments [22]. This was particularly relevant in the analysis
of subjective factors, such as the academic community's perception of the usefulness of self-assessment or the
degree of institutional commitment to continuous improvement. The combination of DEMATEL with
neutrosophic logic provided a methodological framework that not only identified key factors but also offered a
model adaptable to different university contexts. [23]

3. Results

The application of the DEMATEL method combined with neutrosophic logic allowed for the identification and
evaluation of the main factors influencing the effectiveness of self-assessment and external evaluation processes.
For the initial selection of factors, semi-structured interviews were conducted with quality assurance experts, and
the brainstorming technique was employed, facilitating the construction of an analytical framework based on the
perceptions of key stakeholders in the university sector.

Following this identification process, a set of critical factors was established, the interaction of which influences
the effectiveness of evaluation processes. The resulting factors were as follows:

1. Clarity and relevance of quality indicators: The coherence and adequacy of the indicators used in the self-
assessment and external evaluation processes determine the capacity of the system to accurately measure
institutional quality.

2. Institutional commitment to continuous improvement: The willingness of higher education institutions to take
corrective actions and strengthen their internal processes directly influences the effectiveness of quality
assurance.

3. Training of evaluation staff: The training and experience of the team responsible for the evaluation affect the
rigor and objectivity of the processes.

4. Availability and access to institutional information: The existence of complete and reliable data facilitates
informed decision-making and verification of compliance with quality standards.

5. University autonomy in self-assessment processes: The degree of autonomy with which institutions conduct
their self-assessment influences the depth of the analysis and the identification of areas for improvement.
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6.

10.

11.

12.

Level of participation of the academic community: The involvement of teachers, students and administrative
staff in the evaluation processes contributes to a more comprehensive vision of educational quality.

Infrastructure and institutional resources: The availability of adequate infrastructure, laboratories, libraries
and technology directly affects the ability of institutions to meet quality standards.

External regulations and policies: The regulatory framework and requirements established by supervisory
bodies influence the way in which universities structure their evaluation processes.

Perception of usefulness of the evaluation by the academic community: The assessment that teachers and
students give to the evaluation influences their willingness to actively collaborate in these processes.

Impact of evaluation results on institutional decision-making: The way universities use assessment findings
for planning and improvement influences the effectiveness of the system.

Coherence between self-assessment and external evaluation: Alignment between internal and external
evaluation processes determines the consistency of results and the accurate identification of strengths and
weaknesses.

Availability of financing for the implementation of improvements: The capacity of universities to implement
improvement actions derived from evaluation processes depends largely on the allocation of adequate
financial resources.

To assess the mutual influence between these factors, a scoring scale based on neutrosophic values was used,
which allowed representing the levels of certainty, falsity and indeterminacy in the relationship between the
elements analyzed. This scale included five categories of influence:

Table 1: Linguistic variables and Single Valued Neutrosophic Numbers (SVNNs)

Integer Linguistic variable SVNNs

0 No influence or not relevant (0.1,0.8,0.9)
1 Low but significant influence (0.35,0.6,0.7)
2 Medium and significant influence (0.5,0.4,0.45)
3 High and significant influence (0.8,0.2,0.15)
4 Very high or crucial influence (0.9,0.1,0.1)

Note: Source: [15]

The judgments provided by the experts were recorded in bidirectional matrices using these linguistic values and
subsequently transformed into single-valued neutrosophic numbers (SVNNs). Through the application of the
specific equations of the method, the initial direct interdependence matrix A was obtained, enabling the
identification of the driving and dependent factors within the system.

0.00 086 086 0.13 049 0.13 021 086 0.66 035 0.13 0.13
035 0.00 035 0.21 035 055 055 035 035 043 0.82 0.13
0.55 049 0.00 035 0.21 0.13 056 055 055 086 085 0.13

086 0.86 0.55 0.00 082 0.55 0.13 0.73 086 0.55 035 0.13
0.82 082 086 086 0.00 086 0.76 086 085 0.86 0.86 0.13

4—(086 086 082 086 086 000 085 086 078 055 082 0.13
082 085 082 0.85 086 086 0.00 082 086 055 031 0.13

0.55 082 0.76 0.66 031 035 0.13 0.00 0.82 0.55 0.55 0.13
0.86 0.86 086 082 055 035 035 055 0.00 055 0.55 0.13

0.82 1.00 0.55 0.13 055 055 035 055 035 0.00 035 0.21
035 035 055 021 035 082 0.13 035 0.13 035 0.00 0.21

0.13 0.13 086 0.13 029 0.13 0.29 086 0.86 0.86 0.86 0.00

This analysis allowed the establishment of a reference model for the optimization of self-assessment and external
assessment processes in higher education, providing a solid basis for decision-making in terms of quality
assurance. The results obtained after applying the method are shown in Table 1.
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Table 1: Level of relationships between variables

Evaluated factors Ri Ci Ri+Ci | Ri-Ci
Clarity and relevance of quality indicators 8.20 | 7.00 | 15.20 | 1.20
Institutional commitment to continuous improvement 8.00 | 7.50 | 15.50 | 0.50
Training of evaluation staff 7.00 | 7.80 | 14.80 | -0.80
Availability and access to institutional information 7.50 | 8.00 | 15.50 | -0.50
University autonomy in self-assessment processes 8.30 | 6.80 | 15.10 | 1.50
Level of participation of the academic community 7.20 | 7.20 | 14.40 | 0.00
Infrastructure and institutional resources 7.80 | 8.10 | 15.90 | -0.30
External regulations and policies 7.00 | 7.40 | 14.40 | -0.40
Percepthn of the usefulness of the evaluation by the academic 800 | 780 | 1580 | 0.20
community

Impact of evaluation results on decision-making 8.20 | 7.90 | 16.10 | 0.30
Coherence between self-assessment and external evaluation | 7.50 | 8.00 | 15.50 | -0.50
Avallablllty of financing for the implementation of 730 | 840 | 1570 | -1.10
Improvements

The data obtained provided insight into the dynamics of influence among the different factors. The values R;
represent the sum of the direct and indirect influence that each factor exerts on the others; meanwhile, the values C;
indicate the total influence that each factor receives. The sum R; 4+ C; is used as a measure of prominence, that is,

the overall relevance of each variable within the evaluation system. In contrast, the difference R; — C; indicates

the causal nature of each factor: a positive value suggests that the variable acts primarily as a driver (cause), while

a negative value suggests that it is a receiver (effect). Figure 1 visually represents the results obtained.
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Figure 1. Relationship diagram
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In this analysis, it was identified that the "impact of evaluation results on decision-making" and "institutional
infrastructure and resources"” were the most relevant factors within the evaluated system. These elements not only
demonstrated significant influence over other components but also emerged as determinants in shaping and
improving institutional processes. Their prominence suggests that any strategy aimed at strengthening the system
must prioritize these aspects, given their fundamental role in decision-making and in optimizing the structural
conditions that underpin educational quality.

On the other hand, the "clarity and relevance of quality indicators" played a key role in the evaluation system, as
their proper definition and application significantly influence other processes. This factor acts as a driver for
improving institutional quality. Similarly, "university autonomy in self-assessment processes" showed the highest
causal impact, suggesting that this factor plays a fundamental role in generating changes and strengthening internal
management.

Conversely, the "availability of funding for implementing improvements" emerged as a more dependent factor,
with a limited ability to influence the system on its own. Likewise, "training of evaluators” and "access to
institutional information™ were found to be elements influenced by other factors, reflecting their sensitivity to the
overall dynamics of the evaluation process.

6. Conclusion

The study conducted made it possible to identify the determining factors in the effectiveness of self-assessment
and external evaluation processes in Ecuadorian higher education, applying the DEMATEL method combined
with neutrosophic logic. The interactions among a group of relevant factors for the study were determined and
analyzed. Based on the analysis of these factors, it was possible to establish which of them play a driving role and
which are dependent within the evaluation system. Through the weighting of key elements, it was evident that the
impact of evaluation results on decision-making and the availability of institutional infrastructure and resources
were the most relevant factors, providing insight into their role in the continuous improvement of universities.
Similarly, it was identified that university autonomy in self-assessment and the clarity of quality indicators are
fundamental elements that strengthen quality assurance processes.

The use of the DEMATEL method and neutrosophic logic allowed for the modeling of the uncertainty inherent in
the evaluation of subjective factors, providing a more accurate representation of the influence of each variable
within the system. This enabled the ranking of critical factors and highlighted the importance of alignment between
self-assessment and external evaluation. Additionally, it was established that factors such as evaluator training and
access to institutional information depend on other elements, underscoring the need for comprehensive strategies
to strengthen quality assurance. The findings of this study provide a solid methodological foundation for future
research and enable the optimization of evaluation processes in university contexts, contributing to evidence-based
decision-making for the improvement of higher education.
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