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Abstract 

Today's educational assessment strategies require innovation and digital transformation in order to overcome 

biases towards data orientation in uncertain, ambiguous, and fuzzy conditions. Neutrosophic-based analysis 

techniques in educational assessment provide a thoughtful and highly effective approach to calibrating student 

learning abilities. However, there is a lack of access to resources and complete guidance on implementing soft 

computing methods like neutrosophic sets, resulting in a gap in knowledge and practice. Research and development 

have shown that neutrosophic-based analysis techniques can explain the formulation and algorithms used in multi-

criteria decision-making approaches. Since educational assessment also involves decision making, this paper 

proposes a neutrosophic-based analysis assessment framework aimed at transforming assessment strategies in 

education to promote soft computing. The development of this paper will begin by reviewing the literature and 

conducting a preliminary study, highlighting the benefits of the neutrosophic set, and then forming a framework 

and operational design for the assessment strategy in a systematic manner. Illustrations with numbered data will 

be used to explain the suitability and usability of this framework for real educational assessment. The implications 

of calibrating the factors that have the strongest influence on students' mathematics learning demonstrate that this 

assessment framework can be expanded as an innovative and flexible approach to assessment, capable of 

improving the efficiency of data analysis in real learning environments. This framework and initiative can be used 

synergistically to improve the quality of education by incorporating digital elements and providing strong support 

for the Sustainable Development Goal (SDG). 

Keywords: Neutrosophic sets; Neutrosophic-based analysis; Soft computing; Assessment strategy; Decision 

making 

1. Introduction 

In today's contemporary education, the design and implementation of an effective assessment strategy is very 

important in the context of assessing student learning outcomes and also as a platform for obtaining decisions 

about teaching [1]. According to Sato-Ilic and Ilic [2], traditional assessment methods are faced with various 

limitations, especially in dealing with issues of complexity and uncertainty that exist in the context of digital 

education today. This situation has prompted various suggestions and opinions. Among other things, there are 

increasing suggestions about the need for an innovative and strategic approach [3]. Where can address those 

challenges and encourage more nuanced assessment practices, which can be adapted to the current assessment 

situation.  

To improve and maintain quality assurance in educational assessment, one effective approach is integrating soft 

computing techniques. By leveraging principles from artificial intelligence and computational intelligence, these 

techniques address issues of inaccuracy, uncertainty, and ambiguity in data analysis [4]. Among these techniques, 

neutrosophic-based analysis offers a unique strategy and framework for representing and processing uncertain 
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data, making it particularly suitable for educational assessment [5-7]. The study demonstrates significant and 

effective results in implementing neutrosophic-based analysis, not only with basic neutrosophic sets but also with 

subclasses such as Single Valued Neutrosophic Sets (SVNS) and Interval Neutrosophic Sets (IVNS) [6, 8-11]. 

There have been numerous academic studies on the application, potential, and benefits of neutrosophic-based 

analysis in various fields, including educational assessment. However, significant issues and gaps still exist in the 

literature regarding the development of a comprehensive assessment strategy framework that utilizes neutrosophic-

based analysis [5, 12]. While existing research has explored the theoretical basis and mathematical properties of 

neutrosophic sets, there remains a lack of empirical evidence demonstrating the conceptual and practical usefulness 

of neutrosophic-based analysis in the context of educational assessment [9, 10, 13]. This problem is especially 

evident in the design and implementation of assessment strategies that are appropriate for the complex, uncertain, 

and ambiguous learning environment. Sri Andayani et al. [1] and Kwok et al. [14] highlight confusion and issues 

in the assessment strategy, where there is no alignment between data orientation and analysis techniques. This 

problem results in data interpretation that does not effectively address problems or meet assessment objectives [15, 

16]. If this weakness is not addressed, it will hinder the process of recovery, improvement, mentoring, and guidance 

in the context of management or learning and may even lead to incorrect actions [1]. 

Delays in analysing techniques can result in unclear data interpretation and difficulties in establishing connections 

between data sources, criteria, and dimensions, especially when dealing with various data orientations [1, 17, 18]. 

This is particularly complex in the context of educational assessment, which falls under the scope of humanistic 

system theory. As a result, analysis and interpretation techniques involve decision-making programs that fluctuate 

between uncertainty and probability, as well as handling large datasets and incorporating both quantitative and 

qualitative analysis components [8, 19]. Consequently, educational assessment strategies need to be modified, 

starting with setting measurable objectives, selecting appropriate instruments or tools, and ensuring the efficiency 

of analytical techniques to explain the impact, weighting, ranking, classification, and prediction of the data. 

Furthermore, an assessment strategy that can generate mathematical and statistical figures that hold significant 

meaning in data interpretation is also required. 

To address this gap, this study proposes an innovative assessment strategy framework based on neutrosophic-

based analysis. The aim is to increase the flexibility, adaptability, and effectiveness of assessment practices in the 

educational context. By utilizing the inherent ability of neutrosophic sets to accommodate uncertainty and 

ambiguity, this framework aims to provide educators with sustainable tools, methods, and techniques for 

accurately capturing and assessing diverse student learning outcomes. To explain this point of view, this paper is 

organized as follows: First, an overview of the concept of neutrosophic set and its potential application in 

educational assessment is provided. Next, the existing research landscape is discussed, specifically identifying 

research gaps that motivate this study. Following that, the theoretical and methodological framework used in the 

development of the proposed assessment strategy framework is outlined. The results of the empirical investigation 

are then presented, along with a discussion of their implications for theory and practice. Finally, the paper 

concludes with a summary of key findings, recommendations for future research, and implications for the broader 

field of educational evaluation.  

2. Related Work 

2.1 Assessment strategies in education 

The assessment landscape in the context of education has grown significantly in recent years, driven by 

technological advances and awareness of traditional methods that often fail to address the complexity of student 

learning outcomes [20]. Research and development have emphasized the importance of adopting assessment 

strategies that are flexible, adaptable, and sensitive to the diverse needs of students [13]. Computer-based 

assessment in particular, has become famous for its ability to provide timely feedback and support the learning 

process [21]. However, challenges and difficulties still remain, especially in designing evaluation strategies that 

can reduce the issues and problems of uncertainty and ambiguity that exist in the context of educational data [13]. 

Learning assessment is generally used to identify students' weaknesses and strengths so that educators can provide 

academic support or appropriate intervention. Assessment of learning refers to a process that involves components 

such as, measuring progress continuously, assessing the strength of motivation, assessing the delivery approach 

and determining the level of student ability as well as including the assessment of the entire population [15]. 

Learning assessment can include evaluation for individuals and groups, such as students, teachers, lecturers, 

district administrators, universities, private companies, education departments, and can also be a combination of 

them. 

In educational assessment strategies, educators play a crucial role in developing, managing, and analyzing data. 

They are also the primary users of the assessment system. Therefore, educators should be responsible for setting 
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assessment objectives, tasks, performance criteria, and standards. They should provide feedback and monitor 

results [16]. This requires educators to actively engage in assessment strategies. Sarala and Kavitha [15] support 

and recommend this idea, suggesting that every educator should master assessment methods appropriate to their 

responsibilities. Sri Andayani et al. [1] also emphasize that educators' priority should be mastering assessment 

strategies, including both testing and non-testing methods, as well as in-depth knowledge of analysis and 

interpretation techniques. Given the advancement of soft computing technology [3, 16], education must embrace 

and enhance educators' knowledge and skills accordingly. Soft computing methods, such as advanced data analysis 

techniques, should be utilized to improve the quality and sustainability of the assessment system. 

2.2 Soft computing principles and application of Neutrosophic Sets (NS) 

The main purpose of soft computing is to improve accuracy, efficiency and feasibility as well as address cost issues 

in solutions [9]. Soft computing is basically an outstanding mathematical analysis and calculation technique that 

can handle data that is in inaccuracy, uncertainty, and partial truth [9, 22]. The main components of soft computing 

consist of sets theory, fuzzy logic, neural networks, and computational algorithms [10, 18]. This analytical 

technique offers the best solution to traditional binary logic by accepting gradations of truth and also being able to 

construct approximate reasoning. Computing has been applied in various fields, including pattern recognition, 

decision making and optimization [4]. This technique is capable of modelling complex real-world phenomena. 

Rapidly growing research and development has led to the discovery of the concept of Neutrosophic Sets (NS). 

NS was introduced and pioneered by F. Smarandache (1995) which is based on the theory of Neutrosophy which 

describes the need for fuzzy set generalization to handle uncertainty, inconsistency and incompleteness in data [5, 

13, 23, 24]. Before these concepts and theorems were introduced, the string of fuzzy set generalizations started 

from the introduction of fuzzy set theory by Zadeh (1965), Atanassov (1986) formed intuitionistic fuzzy sets, then 

introduced interval-valued intuitionistic fuzzy sets as a connection to intuitionistic fuzzy sets [25]. When faced 

with real data, intuitionistic fuzzy sets still cannot deal with incomplete, ambiguous and inconsistent information, 

so there is a need for neutrosophic sets that are able to form an analytical system with higher accuracy [5, 26]. In 

neutrosophic sets, addition is to degrees of false membership independently in the normal interval [0,1] which is 

still aligned with fuzzy sets and intuitionistic fuzzy sets [23, 26, 27]. The neutrosophic set is refined with the 

characteristics of truth-membership (T), uncertainty-membership (I) and false-membership (F) in the range [0,3], 

compared to intuitionistic fuzzy sets consisting of membership degrees and non-membership degrees of something 

elements in the range [0,1] [27]. 

This analytical framework is adaptable and can be flexibly applied in various fields including communication 

networks, social medicine, economics, agriculture and traffic circuit networks in the field of transportation [5, 21, 

28]. This drives the development of new concepts and theorems that are more extensive including in today's 

educational context. The education assessment system also experienced a digitization revolution based on soft 

computing with the concept of NS that also coloured the change, and even the development and subclasses from 

NS were also applied. The following Table 1 shows some studies and algorithms of NS that are applied in the 

educational contexts. 

Table 1: An analysis of application of NS in educational contexts 

Author(s) Objective(s) Algorithm of NS 

applied 

[5] 

Assessing the group’s mean performance of 

individual grades obtained by some (or all) 

students of the group 

Sum of neutrosophic 

triplets 

[13] 
Analysing the mental abilities of a child on the 

basis of imaginative play 

Single Valued Refined 

Neutrosophic Set 

(SVRNS) 

[21] 
Cross-examining students' performance in 

mathematics 
Neutrosophic and AHP 

[20] 

To investigate the criteria affecting the 

sustainability of distance education (DE) in higher 

education institutions, and to understand the 

differences in several internal stakeholders’ 

perspectives in DE  

Neutrosophic AHP 

[28] 
To demonstrate some of the most fundamental 

aspects of the Internet of Things (IoT) 

Neutrosophic AHP, 

Neutrosophic VIKOR 
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[8] 
To rank and determine the best lecturers to be given 

priority in awards and promotion 

TOPSIS and the single-

valued neutrosophic set 

(SVNS) 

[9] 

Analyzing the impact of teaching strategies on the 

student performance and the time frame(phase) of 

the interaction 

Complex neutrosophic 

sets (CNSs) 

[6] 

Exploring students' readiness to continue utilizing 

e-learning while measuring satisfaction levels with 

the e-learning system among higher education 

students 

Neutrosophic AHP 

[10] 

Portraying the uncertain information during the 

higher vocational education quality evaluation in 

the new era 

Triangular fuzzy 

neutrosophic sets 

(TFNSs) 

[11] 

Analyzing of how Chat GPT and social media can 

be used as tools for capturing real-time student 

feedback on teaching styles in higher education 

Neutrosophic AHP 

 

Although there is a significant body of literature on applications in education, there have been relatively few studies 

that explore the integration of NS into assessment frameworks. Existing research has mainly focused on the 

theoretical aspects and mathematical formulation of NS, with limited empirical evidence, particularly in terms of 

practical use in assessment [8, 11]. This indicates a gap in the literature when it comes to developing a 

comprehensive assessment strategy framework that leverages NS to address the complexities of data analysis in 

real-world learning environments. Consequently, further research is needed to strengthen the theory and practical 

application of neutrosophic-based analytical assessment strategies, especially through empirical studies that 

investigate their effectiveness. Additionally, it is crucial to introduce a systematic framework that can guide 

educators in designing and implementing assessment practices based on neutrosophical analysis. By developing a 

more comprehensive assessment strategy framework based on neutrosophic principles, it is hoped that educators 

can enhance the flexibility, adaptability, and effectiveness of assessment practices, ultimately improving the 

quality of learning.  

3. Methodological framework 

This section will further describe the development of the framework with a focus on the concept and formulation 

of Neutrosophic sets (NS). In fact, NS are characterized by three main components, namely truth membership (T), 

indeterminacy membership (I), and falsity membership (F) functions. These components allow for the 

representation of elements that are simultaneously true, indeterminate, and false to varying degrees, reflecting the 

inherent ambiguity and uncertainty present in educational data. 

Definition 1: [23, 29] Let U be a universe of discourse, and a neutrosophic set M is defined as: 

𝑀 = {〈𝑚, 𝑇𝑀(𝑚), 𝐼𝑀(𝑚), 𝐹𝑀(𝑚)/𝑚 ∈ 𝑈〉} , where TM(m), IM(m) and FM(m) are the truth membership function, 

the indeterminacy membership function and the falsity membership function, respectively, such that 0 ≤ 𝑇𝑀(𝑚) +
𝐼𝑀(𝑚) + 𝐹𝑀(𝑚) ≤ 3 and also in the state 𝑇𝑀 (𝑚): 𝑈 → ]0−, 1+[ , 𝐼𝑀 (𝑚): 𝑈 → ]0−, 1+[ , and  𝐹𝑀 (𝑚): 𝑈 →
]0−, 1+[. 

Definition 2: [26] The complement of a neutrosophic set M is denoted by C(M) for all m in M, and is defined by 

𝑇𝑐(𝑀)(𝑚) = {1+} − 𝑇𝑀(𝑚)                      (1) 

𝐼𝑐(𝑀)(𝑚) = {1+} − 𝐼𝑀(𝑚)                       (2) 𝐹𝑐(𝑀)(𝑚) =

{1+} − 𝐹𝑀(𝑚)                      (3) 

Definition 3: [23,29] The containment of a neutrosophic set M in the other neutrosophic set N, M ⊆ N, based on 

conditions (if and only if) 

𝑖𝑛𝑓𝑇𝑀(𝑚) ≤ 𝑖𝑛𝑓𝑇𝑁(𝑛), 𝑠𝑢𝑝𝑇𝑀(𝑚) ≤ 𝑠𝑢𝑝𝑇𝑁(𝑛)               (4) 

𝑖𝑛𝑓𝐹𝑀(𝑚) ≥ 𝑖𝑛𝑓𝐹𝑁(𝑛), 𝑠𝑢𝑝𝐹𝑀(𝑚) ≥ 𝑠𝑢𝑝𝐹𝑁(𝑛)               (5) 

Definition 4: [29] The union of two neutrosophic sets M and N is a neutrosophic set P, written as P = M ∪ N, 

where the truth membership, indeterminacy membership and falsity membership functions for the membership of 

P are obtained 
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𝑇𝑃(𝑝) = 𝑇𝑀(𝑚) + 𝑇𝑁(𝑛) − 𝑇𝑀(𝑚) × 𝑇𝑁(𝑛)              (6) 

𝐼𝑃(𝑝) = 𝐼𝑀(𝑚) + 𝐼𝑁(𝑛) − 𝐼𝑀(𝑚) × 𝐼𝑁(𝑛)                (7) 

𝐹𝑃(𝑝) = 𝐹𝑀(𝑚) + 𝐹𝑁(𝑛) − 𝐹𝑀(𝑚) × 𝐹𝑁(𝑛)               (8) 

 

Definition 5: [29] The intersection of two neutrosophic sets M and N produces a neutrosophic set Q, can be 

expressed as Q = M ∩ N, where truth membership, indeterminacy membership and falsity membership functions 

are obtained for membership Q is 

𝑇𝑄(𝑞) = 𝑇𝑀(𝑚) × 𝑇𝑁(𝑛)                (9) 

𝐼𝑄(𝑞) = 𝐼𝑀(𝑚) × 𝐼𝑁(𝑛)                (10) 

𝐹𝑄(𝑞) = 𝐹𝑀(𝑚) × 𝐹𝑁(𝑛)                (11) 

For more specific use, the parameters are first determined, using the concept of Single Valued Neutrosophic Sets 

(SVNS) (Wang et al., 2020), then: 

Definition 6: [29] Let X be a space of points (objects), with a generic element in X denoted by x. A SVNS M in X 

is characterized by truth (TM), indeterminacy (IM) and falsity (FM) membership functions respectively, where, 

𝑇𝑀(𝑥), 𝐼𝑀(𝑥), 𝐹𝑀(𝑥) ∈ [0,1], for each point x in X, When X is continuous, a SVNS M can be written as: 

𝑀 = ∫ 〈𝑇𝑀(𝑥), 𝐼𝑀(𝑥), 𝐹𝑀(𝑥)〉/𝑥,
.

𝑋
𝑥 ∈ 𝑋         (12) 

When X is discrete, a SVNS M can be written as  

𝑀 = ∑ 〈𝑇𝑀(𝑥𝑖), 𝐼𝑀(𝑥𝑖), 𝐹𝑀(𝑥𝑖)〉
𝑛
𝑖=1 /𝑥, 𝑥 ∈ 𝑋         (13) 

Definition 7: [30] Let M and P be two SVNS. Then the basics operations of SVNS are 

𝑀 + 𝑃 = {〈𝑥, (𝑇𝑀(𝑥) + 𝑇𝑃(𝑥) − 𝑇𝑀(𝑥)𝑇𝑃(𝑥), 𝐼𝑀(𝑥)𝐼𝑃(𝑥), 𝐹𝑀(𝑥)𝐹𝑃(𝑥))〉: 𝑥 ∈ 𝑋}    (14) 

𝑀 × 𝑃 = {〈𝑥, (𝑇𝑀(𝑥)𝑇𝑃(𝑥), 𝐼𝑀(𝑥) + 𝐼𝑃(𝑥) − 𝐼𝑀(𝑥)𝐼𝑃(𝑥), 𝐹𝑀(𝑥) + 𝐹𝑃(𝑥) − 𝐹𝑀(𝑥)𝐹𝑃(𝑥))〉: 𝑥 ∈ 𝑋}  (15) 

𝛾𝑀 = {〈𝑥, (1 − (1 − 𝑇𝑀(𝑥))𝛾 , (𝐼𝑀(𝑥))𝛾, (𝐹𝑀(𝑥))𝛾)〉: 𝑥 ∈ 𝑋}       (16) 

𝑀𝛾 = {〈(𝑇𝑀(𝑥))𝛾 , 1 − (1 − 𝐼𝑀(𝑥))𝛾 , 1 − (1 − 𝐹𝑀(𝑥))𝛾〉: 𝑥 ∈ 𝑋}     (17) 

where, γ is a constant and γ > 0. 

Application and data analysis usually includes the concept of decision making therefore, neutrosophic-based 

analysis adheres to the methods and theorems in multi criteria decision making (MCDM). A summary of the steps 

in MCDM [4, 31] as follows: 

Step 1: (Neutrosophication) Determine the linguistic variables using Single Valued Neutrosophic Numbers 

(SVNN) that are suitable for the assessment objective. Some choices of linguistic variables according to a certain 

scale and according to linguistic terms such as importance, appropriateness, level, influence and so on, are: 

Table 2: The scale and SVNNs 

Score/ 

Scale 
SVNNs 

Score/ 

Scale 
SVNNs 

Score/ 

Scale 
SVNNs 

5 

< 0.10, 0.80, 0.90 

> 

< 0.35, 0.60, 0.70 

> 

< 0.50, 0.40, 0.45 

> 

< 0.80, 0.20, 0.15 

> 

< 0.90, 0.10, 0.10 

> 

7 

< 0.10, 0.80, 0.90 

> 

< 0.20, 0.70, 0.80 

> 

< 0.35, 0.60, 0.60 

> 

< 0.50, 0.40, 0.45 

> 

< 0.65, 0.30, 0.25 

> 

< 0.80, 0.20, 0.15 

> 

< 0.90, 0.10, 0.10 

> 

11 

< 0.00, 1.00, 1.00 > 

< 0.10, 0.90, 0.90 > 

< 0.20, 0.85, 0.80 > 

< 0.30, 0.75, 0.70 > 

< 0.40, 0.65, 0.60 > 

< 0.50, 0.50, 0.50 > 

< 0.60, 0.35, 0.40 > 

< 0.70, 0.25, 0.30 > 

< 0.80, 0.15, 0.20 > 

< 0.90, 0.10, 0.10 > 

< 1.00, 0.00, 0.00 > 
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6 

< 0.25, 0.90, 0.75 

> 

< 0.45, 0.75, 0.55 

> 

< 0.60, 0.45, 0.40 

> 

< 0.70, 0.35, 0.30 

> 

< 0.80, 0.25, 0.20 

> 

< 0.90, 0.10, 0.10 

> 

9 

< 0.01, 0.99, 0.99 

> 

< 0.10, 0.90, 0.90 

> 

< 0.20, 0.75, 0.80 

> 

< 0.30, 0.65, 0.60 

> 

< 0.50, 0.50, 0.50 

> 

< 0.70, 0.30, 0.30 

> 

< 0.80, 0.20, 0.15 

> 

< 0.90, 0.10, 0.10 

> 

< 0.99, 0.01, 0.01 

> 

 

Step 2: Form SVNS decision matrix based on evaluation or preference. 

Definition 8: [31] Let 𝑄 = {𝑥1, 𝑥2, 𝑥3, … 𝑥𝑛} be a set of alternatives, 𝑈 = {𝑜1, 𝑜2, 𝑜3, … 𝑜𝑚} be the set of attributes. 

The ratings (or evaluations) of alternatives 𝑥𝑗 ∈ 𝑄(𝑗 = 1,2, … 𝑛) on attributes 𝑜𝑖 ∈ 𝑈 are expressed with SVNS 

𝑀𝑖𝑗 = 〈𝑇𝑖𝑗 , 𝐼𝑖𝑗 , 𝐹𝑖𝑗〉, called a SVNS decision matrix 

[𝑀𝑖𝑗]𝑚×𝑛
= [

〈𝑇11, 𝐼11, 𝐹11〉

〈𝑇21, 𝐼21, 𝐹21〉

〈𝑇12, 𝐼12, 𝐹12〉

〈𝑇22, 𝐼22, 𝐹22〉

⋯
…

〈𝑇1𝑛 , 𝐼1𝑛 , 𝐹1𝑛〉

〈𝑇2𝑛, 𝐼2𝑛 , 𝐹2𝑛〉
⋮ ⋱ ⋮

〈𝑇𝑚1, 𝐼𝑚1, 𝐹𝑚1〉 〈𝑇𝑚2, 𝐼𝑚2, 𝐹𝑚2〉 ⋯ 〈𝑇𝑚𝑛 , 𝐼𝑚𝑛 , 𝐹𝑚𝑛〉

] 

Step 3: Normalize the SVNS decision matrix 

Definition 9: [31] Let [𝑀𝑖𝑗]𝑚×𝑛
 is SVNS decision matrix, it is necessary to normalize the decision matrix into the 

new SVNN matrix, [𝑀̅𝑖𝑗]𝑚×𝑛
 by: 

𝑀̅𝑖𝑗 = 〈
𝑇𝑖𝑗−𝑚𝑖𝑛𝑇𝑖𝑗

𝑚𝑎𝑥𝑇𝑖𝑗−𝑚𝑖𝑛𝑇𝑖𝑗
,

𝐼𝑖𝑗−𝑚𝑖𝑛𝐼𝑖𝑗

𝑚𝑎𝑥𝐼𝑖𝑗−𝑚𝑖𝑛𝐼𝑖𝑗
,

𝐹𝑖𝑗−𝑚𝑖𝑛𝐹𝑖𝑗

𝑚𝑎𝑥𝐹𝑖𝑗−𝑚𝑖𝑛𝐹𝑖𝑗
〉      (18) 

for benefit attributes, and 

𝑀̅𝑖𝑗 = 〈
𝑚𝑎𝑥𝑇𝑖𝑗−𝑇𝑖𝑗

𝑚𝑎𝑥𝑇𝑖𝑗−𝑚𝑖𝑛𝑇𝑖𝑗
,

𝑚𝑎𝑥𝐼𝑖𝑗−𝐼𝑖𝑗

𝑚𝑎𝑥𝐼𝑖𝑗−𝑚𝑖𝑛𝐼𝑖𝑗
,

𝑚𝑎𝑥𝐹𝑖𝑗−𝐹𝑖𝑗

𝑚𝑎𝑥𝐹𝑖𝑗−𝑚𝑖𝑛𝐹𝑖𝑗
〉      (19) 

for cost attributes. The normalized SVNN decision matrix will be obtained as follows: 

[𝑀̅𝑖𝑗]𝑚×𝑛
=

[
 
 
 

〈𝑇̅11, 𝐼1̅1, 𝐹̅11〉

〈𝑇21, 𝐼21, 𝐹21〉

〈𝑇̅12, 𝐼1̅2, 𝐹̅12〉

〈𝑇22, 𝐼22, 𝐹22〉

⋯
…

〈𝑇̅1𝑛, 𝐼1̅𝑛 , 𝐹̅1𝑛〉

〈𝑇̅2𝑛, 𝐼2̅𝑛, 𝐹̅2𝑛〉
⋮ ⋱ ⋮

〈𝑇̅𝑚1, 𝐼𝑚̅1, 𝐹̅𝑚1〉 〈𝑇̅𝑚2, 𝐼𝑚̅2, 𝐹̅𝑚2〉 ⋯ 〈𝑇̅𝑚𝑛, 𝐼𝑚̅𝑛 , 𝐹̅𝑚𝑛〉]
 
 
 

 

Step 4: Before calculating and implementing the aggregating average operator, first determine the weight vector 

for the attributes. 

Definition 10: [32] The weighted vector of attribute set U is as 

 𝑤 = {𝑤1, 𝑤2, … 𝑤𝑚} = (〈𝑟1, 𝑠1, 𝑡1〉, 〈𝑟2, 𝑠2, 𝑡3〉, … 〈𝑟𝑚, 𝑠𝑚 , 𝑡𝑚〉), where ∑ 𝑤𝑖 = 1𝑚
𝑖=1  

There are several methods that can be used to obtain attribute weighted vectors such as determining the 

priority position according to experts (Sun and Sun, 2016) or using SVNS-entropy weights-based technique [33] 

with the following steps: 

Step 4.1: Determine the entropy values 

𝑒𝑗 = 1 −
1

𝑛
∑ (𝑇𝑗 + 𝐹𝑗)

𝑚
𝑖=1 |2(𝐼𝑗) − 1|       (20) 
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Step 4.2: Calculate the degree of divergence dj against rating based on attributes oj obtained through the following 

equation: 

𝑑𝑗 = (1 − 𝑒𝑗)          (21) 

Step 4.3: Determining attribute weights based on entropy values using the following equation: 

𝑤𝑗 =
(1−𝑒𝑗)

∑ (1−𝑒𝑗)
𝑛
𝑗=1

         (22) 

According to [34, 35], most statistical analyzes use the mean method to determine the weight of the linguistic term 

of the component, in many cases the weight of the linguistic term is balanced considering that this component is 

also in a state of ambiguity. Therefore, 𝑤𝑖 = {𝑤1, 𝑤2, …𝑤𝑚} = (
1

𝑚
,

1

𝑚
… ,

1

𝑚
), where ∑ 𝑤𝑖 = 1𝑚

𝑖=1  

Step 5: Get aggregating average values [𝑅𝑖𝑗] = 𝑤[𝑀̅𝑖𝑗]𝑚×𝑛
= ∑ 𝑤𝑗𝑀̅𝑗

𝑛
𝑗=1   

Definition 11: [33] The set of n SVNN is denoted by 𝑅 = (𝑀̅1, 𝑀̅2, 𝑀̅3, … 𝑀̅𝑛), where 𝑀̅𝑗 = (𝑇𝑗 , 𝐼𝑗 , 𝐹𝑗); 𝑗 =

1,2,3… 𝑛, the neutrosophic weighted arithmetic average values obtained through: 

𝑅𝑤 = (𝑅1, 𝑅2, … 𝑅𝑛) = (1 − ∏ (1 − 𝑇𝑗)𝑗

𝑤𝑛
𝑗=1 , 1 − ∏ (1 − 𝐼𝑗)𝑗

𝑤𝑛
𝑗=1 , 1 − ∏ (1 − 𝐹𝑗)𝑗

𝑤𝑛
𝑗=1 )  (23) 

Or the weighted geometric average values by: 

𝑅𝐺 = (𝑅1, 𝑅2, …𝑅𝑛) = ∑ 𝑤𝑗𝑀̅𝑗
𝑛
𝑗=1 = (∏ (𝑇𝑗)𝑗

𝑤𝑛
𝑗=1 , ∏ (𝐼𝑗)𝑗

𝑤𝑛
𝑗=1 , ∏ (𝐹𝑗)𝑗

𝑤𝑛
𝑗=1 )                  (24) 

In order to obtain information from the decision making result, it is necessary to implement aggregating 

neutrosophic information with steps such as aggregated single value neutrosophic through comprehensive 

evaluation of each alternative, calculate the score, accuracy and certainty function and then model the alternative 

either by comparing weighting values, ranking, or can also classify it. 

Definition 12: [30] (Deneutrosophication) The comprehensive evaluation of each alternative (result) 𝑥𝑗 ∈ 𝑄(𝑗 =

1,2, … 𝑛) denote as Rj, is given by  

𝑅𝑗 = 〈𝑇𝑗 , 𝐼𝑗 , 𝐹𝑗〉 = ∑ 〈𝑇̅𝑖𝑗 , 𝐼𝑖̅𝑗 , 𝐹̅𝑖𝑗〉
𝑚
𝑖=1               (25) 

Step 6: Calculating score, accuracy and certainty function 

Definition 13: [26, 31] Let 𝑅𝑗 = 〈𝑇𝑗 , 𝐼𝑗 , 𝐹𝑗〉  be a single valued neutrosophic number, a score function, S, accuracy 

function, α and certainty, c of a single valued neutrosophic value, based on the truth, indeterminacy and falsity 

membership degrees is defined by: 

𝑆(𝑅𝑗) =
2+𝑇𝑗−𝐼𝑗−𝐹𝑗

3
           (26) 

𝛼(𝑅𝑗) = 𝑇𝑗 − 𝐹𝑗           (27) 

𝑐(𝑅𝑗) = 𝑇𝑗           (28) 

Step 7: Modeling alternatives or rank them for evaluation and interpretation purposes. 

3.1 Conceptual Framework for Integrating Neutrosophic-based Analysis into Assessment Strategies 

The neutrosophic set offers a flexible and robust framework for implementing assessments in an educational 

context, specifically for assessing student learning outcomes. It effectively handles uncertainty, variability, and 

ambiguity in assessment data, resulting in assessments that are more relevant and meaningful. By capturing subtle 

nuances and variations, this approach allows educators to make more accurate decisions and achieve 

comprehensive assessments. Therefore, certain components are given priority in the evaluation strategy, as 

summarized in table 3 below. 

Table 3: The components of neutrosophic-based analysis assessment strategy 

Components Description 

Data Collection 

Prioritize accuracy in selecting and using data. Therefore, 

educational data, including student performance metrics, assessment 

scores, and qualitative feedback, are collected using a variety of 

methods, such as tests, surveys, and classroom observations. 

https://doi.org/10.54216/IJNS.250334


 

International Journal of Neutrosophic Science (IJNS)                                         Vol. 25, No. 03, PP. 385-397, 2025     

392 
DOI: https://doi.org/10.54216/IJNS.250334  
Received: March 24, 2024 Revised: June 25, 2024 Accepted: November 02, 2024 

 

Neutrosophication 

In order to reduce problems in data orientation, then, the collected 

data are represented using neutrosophic sets, with each data point 

characterized by truth-membership, indeterminacy-membership, and 

falsity-membership values. This representation captures the 

uncertainty and ambiguity inherent in educational data. 

Analysis and 

Interpretation 

Neutrosophic-based analysis techniques are applied to the 

represented data to extract meaningful insights into educational 

outcomes. This involves employing algorithms and computational 

methods to process and interpret the neutrosophic data. 

Decision-Making 

Based on the analyzed data, educators make informed decisions 

regarding instructional strategies, curriculum development, and 

student support interventions. The flexibility and adaptability of 

neutrosophic sets allow for dynamic decision-making in response to 

changing educational contexts. 

 

Based on the literature collected by Bakar and Ghani [36] on the application of MCDM, the aspects of assessment 

used in educational contexts are such as evaluating factors or effects, analyzing opinions or perceptions, choosing 

and determining the suitability of strategies, methods, models or activities and also predicting student performance 

and achievement. Based on these aspects, the researchers introduced a more ideal framework to improve the 

efficiency of assessment, in addition to fulfilling the wishes of digitization in the education system. 

 
 

Figure 1. The framework of the proposed Neutrosophic-based Analysis Assessment Model (N-bAAM) 
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The presented assessment framework describes the potential of neutrosophic-based analysis to revolutionize 

assessment strategies in the educational context. By accepting uncertainty and ambiguity, a neutrosophic-based 

assessment approach offers a more comprehensive and nuanced understanding and follow-up of educational 

outcomes such as student learning, management, and so on. This foundation opens up the space for change towards 

digitization and ultimately leads to more effective educational practices and contributes to better outcomes for 

students. 

4. Illustrative Example: Factors that affect students' ability to learn mathematics 

Next, in this section, the researcher explains and shows how the N-bAAM framework is applied in the context of 

educational assessment by presenting examples based on formulations with real data. The researcher will present 

a neutrosophic-based analysis technique to determine what factors affect the learning of mathematics among 

students. This assessment is made based on the perspective of mathematics teachers. The difference and novelty 

highlighted is to prove that neutrosophic-based analysis can meet the orientation of data in ambiguity, uncertainty 

and doubt but still provide significant evaluation results in the situation. The researcher has administered a 

questionnaire survey to 37 mathematics teachers who have more than ten years of experience teaching mathematics 

subjects with a purposeful random method. The steps in the study guided by the N-bAAM framework are as 

follows: 

Step 1: Identification of problems (analysis of needs). In order to start the study, the researcher first carried out a 

literature review on the problem. In this process, researchers found several factors that affect students' 

mathematics learning ability, namely the level of motivation, emotional orientation of students, and level 

of attention, metacognitive tendencies, executive function strength and working memory conditions [37-

41]. Previous studies have shown the importance, strength, influence and relationship of these six factors 

in determining the level of students' mathematics learning ability. However, there is still a need to clarify 

which factors have priority and strongly influence student ability. 

Step 2: Next, through the need analysis stage, the objective of this study was formed which is to determine factors 

that affect students' ability to learn mathematics. After setting the six factors as attributes, the researcher 

formed parameter items as content in the questionnaire to measure the influence of the six factors based on 

the teacher's point of view. Set attributes, A (Q1, Q2, Q3, Q4, Q5, Q6) is composed of Emotion (Q1), 

Motivation (Q2), Attention (Q3), Executive function (Q4), Metacognitive (Q5) and Working memory (Q6) 

masing-masing. While, set alternatives, T (T1, T2, T3…Tn; n=37) is representing the number of teachers. 

Step 3: Acquiring teachers' opinions. The next step is the data collection process. As already informed, purposive 

sampling method is used. In this method, a questionnaire survey is carried out where the mathematics 

teacher will rate the level of influence of the six factors using a scale of 1-7, which ranges from no influence 

at all to very important influence. This rated score will be converted to Single Valued Neutrosophic 

Numbers (SVNN). 

Step 4: Based on SVNN, the score assigned by the teacher is changed and a neutrosophic decision matrix is formed 

as shown in the following table. 

Table 4: Neutrosophic decision matrix 

 Q1 Q2 Q3 Q4 Q5 Q6 

T1 

< 0.65, 

0.30, 

0.25 > 

< 0.90, 

0.10, 

0.10 > 

< 0.90, 

0.10, 

0.10 > 

< 0.90, 

0.10, 

0.10 > 

< 0.90, 

0.10, 

0.10 > 

< 0.65, 

0.30, 

0.25 > 

T2 

< 0.80, 

0.20, 

0.15 > 

< 0.50, 

0.40, 

0.45 > 

< 0.50, 

0.40, 

0.45 > 

< 0.35, 

0.60, 

0.60 > 

< 0.35, 

0.60, 

0.60 > 

< 0.35, 

0.60, 

0.60 > …
 

…
 

... 

…
 

…
 

…
 

…
 

T36 

< 0.35, 

0.60, 

0.60 > 

< 0.50, 

0.40, 

0.45 > 

< 0.65, 

0.30, 

0.25 > 

< 0.90, 

0.10, 

0.10 > 

< 0.65, 

0.30, 

0.25 > 

< 0.65, 

0.30, 

0.25 > 

T37 

< 0.65, 

0.30, 

0.25 > 

< 0.80, 

0.20, 

0.15 > 

< 0.80, 

0.20, 

0.15 > 

< 0.90, 

0.10, 

0.10 > 

< 0.80, 

0.20, 

0.15 > 

< 0.80, 

0.20, 

0.15 > 

 

Step 5: Normalizing neutrosophic decision matrix using Eq (18).  
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Table 5: Normalized SVNN decision matrix 

 Q1 Q2 Q3 Q4 Q5 Q6 

T1 

< 0.6875, 

0.2857, 

0.1875 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 0.5455, 

0.4000, 

0.3000 > 

T2 

< 0.8750, 

0.1429, 

0.0625 > 

< 0.2727, 

0.6000, 

0.7000 > 

< 0.0000, 

1.0000, 

1.0000 > 

< 0.0000, 

1.0000, 

1.0000 > 

< 0.0000, 

1.0000, 

1.0000 > 

< 0.0000, 

1.0000, 

1.0000 > …
 

…
 

... 

…
 

…
 

…
 

…
 

T36 

< 0.3125, 

0.7143, 

0.6250 > 

< 0.2727, 

0.6000, 

0.7000 > 

< 0.3750, 

0.6667, 

0.4286 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 0.5455, 

0.4000, 

0.3000 > 

< 0.5455, 

0.4000, 

0.3000 > 

T37 

< 0.6875, 

0.2857, 

0.1875 > 

< 0.8182, 

0.2000, 

0.1000 > 

< 0.7500, 

0.3333, 

0.1429 > 

< 1.0000, 

0.0000, 

0.0000 > 

< 0.8182, 

0.2000, 

0.1000 > 

< 0.8182, 

0.2000, 

0.1000 > 

 

Step 6: Aggregated opinions using neutrosophic weighted averaging operator Eq (24). Next, rank the attributes after 

getting the score, accuracy and certainty function through Eq (26), Eq (27) and Eq (28). 

 

Table 6: The weighted, score, accuracy, certainty functions and ranking of attributes 

Attributes Weighted Average 
Score 

function 

Accuracy 

function 

Certainty 

function 
Ranking 

Q1 (0.7162, 0.2664, 0.2061) 0.7479 0.5101 0.7162 4 

Q2 (0.6462, 0.3189, 0.2784) 0.6830 0.3678 0.6462 5 

Q3 (0.6284, 0.3964, 0.3012) 0.6436 0.3272 0.6284 6 

Q4 (0.8624, 0.1405, 0.1027) 0.8731 0.7597 0.8624 1 

Q5 (0.7371, 0.2432, 0.2108) 0.7610 0.5263 0.7371 2 

Q6 (0.7346, 0.2541, 0.2027) 0.7593 0.5319 0.7346 3 

 

Step 7: Interpretation is carried out based on all results. 

 

The results of the analysis show that the factors that affect students' ability to learn mathematics are in the positions 

of Executive function (Q4), Metacognitive (Q5), Working memory (Q6), Emotion (Q1), Motivation (Q2) and, 

Attention (Q3) respectively based on ranking agreed by the teacher. These results show that cognitive function is 

very influential in building the ability to learn mathematics. 

 

5. Discussion and Future Research 

 

The results of this study describe how soft computer analysis can be used in educational assessment, specifically 

through the combination of neutrosophic set techniques. The main focus of this framework is to address the 

inherent uncertainty and complexity in learning assessment, resulting in a more comprehensive and accurate 

assessment strategy for analyzing student abilities. This finding has significant implications for educational 

assessment, as it offers a personalized approach to learning assessment and enables targeted interventions. By 

analyzing real data, such as identifying the dominant factors influencing students' mathematical learning abilities, 

educators can adjust their teaching methods to cater to the cognitive needs of their students. This indirectly sheds 

light on the pedagogical requirements for strengthening overall academic success. These results further support 

the effectiveness of implementing the neutrosophic set approach in education, as demonstrated by previous studies 

[8, 10, 13, 20, 21, 28]. Also, continuing the continuity and significance of the neutrosophic-based analysis method 

as implemented in several other field studies [42-45]. 

 

Even so, there are limitations in this study's exploration. While the neutrosophic set technique offers efficiency, 

its application may require extensive knowledge and detailed resources. These constraints potentially limit its 

widespread use. Therefore, further research is needed to explore the long-term effectiveness and scalability of 

assessment frameworks in diverse educational contexts. One important aspect to consider is the sampling method. 

The illustrations presented in this study are based on a small sample size and may not represent the entire 

population of mathematics teachers. Conducting future research with larger and more focused samples may 
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improve the generalizability of the results. Additionally, the researcher did not compare this analysis technique to 

others. As a validity assessment, the effectiveness of this strategy requires more empirical evidence. Limitations 

in implementation may also stem from limited resource access. Educators need specific resources, training, and 

guidance to access these strategies. Despite the existence of this framework, further exploration and specialization 

within the field are still necessary. 

 

As a suggestion, this framework-based assessment strategy requires collective cooperation. Collaborating with 

stakeholders, such as education departments, universities, educators, students, and education policymakers, can 

facilitate the development and widespread dissemination of this assessment framework. This network and 

interweaving will ensure that the evaluation strategy can meet the needs of all parties involved. Additionally, by 

utilizing technology platforms and tools, engagement sessions can be made more systematic and practical. For 

instance, the research and development of user-friendly digital platforms or software can greatly increase 

accessibility and implementation. By addressing these limitations and adopting the recommended approach, future 

research can further advance the use of neutrosophic set techniques in educational assessment, ultimately 

promoting more equitable and effective learning outcomes for all students. 

 

6.  Conclusion  

 

Overall, this study highlights the potential of neutrosophic-based analysis to improve the quality of educational 

assessment thus improving learning outcomes for students. Through innovative approaches like these, educators 

can meet the needs of diverse students and promote academic success. The case studies presented also prove that 

the application of neutrosophic-based analysis techniques can yield encouraging results in translating students' 

learning abilities in mathematics. Relying on the value of truth-degree, uncertainty-degree, and false-degree, 

assessment formulation and analysis can provide a more nuanced understanding of student performance, taking 

into account the uncertainty and complexity inherent in the actual learning process. 
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