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Abstract: In the contemporary landscape of education, the pervasive influence of digital transformation has redefined the paradigms of 

learning, ushering in a new era characterized by unprecedented connectivity and technological integration. This research delves into the 

profound impact of digital transformation on learning methodologies, specifically through the lens of soft computing—a paradigmatic 

approach that harnesses the computational power of artificial intelligence to emulate human cognitive processes. Soft computing 

techniques, such as fuzzy logic, neural networks, and genetic algorithms, serve as instrumental tools in optimizing adaptive learning 

systems, personalizing educational content, and enhancing the overall efficacy of pedagogical processes. The symbiotic relationship 

between digital transformation and soft computing not only revolutionizes the traditional educational framework but also addresses the 

evolving needs of diverse learners, accommodating various learning styles and preferences. Through an analytical exploration of this 

interdisciplinary intersection, this paper elucidates the transformative potential of merging digital technologies and soft computing in 

shaping the future landscape of education. The elucidation of this intricate relationship contributes to a nuanced understanding of how 

technology-driven methodologies can be harnessed to foster a more inclusive and effective learning environment. 

Keywords: Digital Transformation, Learning, Soft Computing, Adaptive Learning Systems, Educational Technology, Fuzzy Logic, 

Neural Networks. 

1. Introduction 

In recent years, the landscape of education has 

undergone a profound transformation, largely propelled 

by the relentless march of technology. The advent of the 

digital age has ushered in a new era for learning, 

redefining traditional educational paradigms and 

necessitating a shift towards more innovative and 

adaptive approaches. This paper explores the 

multifaceted impact of digital transformation on 

learning, with a particular focus on the integration of 

soft computing methodologies. As we delve into the 

realms of digital education, we aim to unravel the 

intricate interplay between technology and learning 

processes. 

Digital Education, as a burgeoning domain, encapsulates 

a spectrum of technological interventions that have 

revolutionized the way knowledge is imparted and 

acquired. The rise of e-learning platforms, virtual 

classrooms, and interactive educational content has 

redefined the traditional classroom setting [1]. With the 

omnipresence of smartphones and internet connectivity, 

learners now have unprecedented access to a wealth of 

information, enabling them to tailor their learning 

experiences according to individual needs and 

preferences [2]. This shift towards digitalization has not 

only democratized education but has also paved the way 

for a more personalized and flexible learning 

environment. 

The integration of soft computing in the realm of digital 

education stands as a testament to the adaptability and 

intelligence of modern learning systems. Soft 

computing, encompassing techniques such as neural 

networks, fuzzy logic, and genetic algorithms, provides 

a framework for developing intelligent systems capable 

of processing complex data sets and making informed 

decisions [3]. In the context of digital education, these 

soft computing techniques play a pivotal role in 

enhancing the efficiency of personalized learning 
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platforms. For instance, adaptive learning systems 

leverage neural networks to analyze student performance 

data, tailoring educational content to address specific 

learning needs [4]. This not only enhances the learning 

experience but also contributes to more effective 

knowledge retention. 

Amid the transformative wave of digital education, the 

role of educators has evolved significantly. Traditional 

teaching methods are now supplemented or, in some 

cases, replaced by digital tools and resources [5]. The 

incorporation of multimedia elements, interactive 

simulations, and gamified learning experiences has 

redefined the pedagogical landscape. Educators are no 

longer just disseminators of information; they are 

facilitators of dynamic and engaging learning 

environments [6]. As technology becomes an integral 

part of the teaching process, educators must adapt and 

embrace digital tools to remain effective in fostering 

meaningful learning experiences. 

However, the digital transformation of education is not 

without its challenges. The digital divide, characterized 

by disparities in access to technology, remains a 

pertinent issue [7]. While urban areas and developed 

regions may enjoy seamless access to digital resources, 

rural and underserved communities face barriers that 

impede their ability to fully engage in digital learning 

experiences. Addressing these disparities is crucial to 

ensuring that the benefits of digital education are 

accessible to all, fostering inclusivity and equal 

opportunities for learners [8]. 

In conclusion, the impact of digital transformation on 

learning, coupled with the integration of soft computing 

methodologies, is a dynamic and evolving landscape. As 

we navigate this educational paradigm shift, it is 

imperative to recognize both the opportunities and 

challenges that arise. Digital education, powered by soft 

computing, holds the promise of a more inclusive, 

adaptive, and personalized learning experience. By 

addressing the challenges associated with technological 

disparities, educators and policymakers can work 

towards harnessing the full potential of digital 

transformation to create a more equitable and effective 

educational ecosystem. 

2. Research Background 

A. Soft Computing: 

Soft computing methods have gained prominence in 

various domains due to their ability to handle 

uncertainty, imprecision, and approximation. These 

techniques are particularly well-suited for applications 

where traditional computing approaches may fall short, 

such as in complex and dynamic learning environments. 

Soft computing encompasses a set of computational 

techniques that includes fuzzy logic, neural networks, 

genetic algorithms, and probabilistic reasoning. These 

methods collectively provide a flexible and adaptive 

framework for addressing real-world problems, making 

them highly relevant in the context of digital 

transformation in learning [9]. The adaptability of soft 

computing approaches is essential in navigating the 

evolving landscape of education technology, where the 

traditional boundaries between physical and digital 

learning are becoming increasingly blurred. 

B. Artificial Neural Networks (ANN): 

Artificial Neural Networks (ANNs) form a critical 

component of soft computing methodologies, emulating 

the structure and function of the human brain to process 

information and make decisions. In the realm of digital 

transformation in learning, ANNs play a pivotal role in 

enhancing the efficiency of educational processes. 

ANNs enable the development of intelligent systems 

capable of learning from data, thus facilitating 

personalized learning experiences. The application of 

ANNs in educational technology has been instrumental 

in areas such as adaptive learning systems, predictive 

analytics for student performance, and recommendation 

systems for tailored educational content [10]. The 

adaptability and self-learning capabilities of ANNs 

contribute significantly to the evolution of educational 

platforms in the digital era. 

 

C. Fuzzy Logic: 

Fuzzy logic, another facet of soft computing, introduces 

a level of ambiguity and imprecision into computational 

models. This characteristic makes it particularly useful 

in situations where the boundaries of decision-making 

are not clearly defined. In the context of digital 

transformation in learning, fuzzy logic plays a vital role 

in handling the inherent uncertainties associated with 

student performance assessment and learning analytics. 

By allowing for degrees of truth and membership 

functions, fuzzy logic models contribute to the 

development of intelligent educational systems capable 

of adapting to individual learning styles and preferences 

[11]. The integration of fuzzy logic into learning 

platforms enhances their ability to provide nuanced and 

context-aware feedback, fostering a more personalized 

and effective learning experience. 

 

D. Neuro Fuzzy System: 

The convergence of neural networks and fuzzy logic 

gives rise to Neuro Fuzzy Systems, offering a 

synergistic approach that combines the learning 

capabilities of ANNs with the interpretability of fuzzy 

logic. In the context of digital transformation in learning, 

Neuro Fuzzy Systems serve as powerful tools for 

modeling complex educational processes. These systems 
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excel in capturing the nuances of student behavior, 

preferences, and performance, contributing to the 

development of intelligent tutoring systems and adaptive 

learning environments. The adaptive nature of Neuro 

Fuzzy Systems allows for continuous refinement and 

optimization of learning pathways based on real-time 

feedback and evolving educational goals [12]. The 

amalgamation of neural and fuzzy approaches in Neuro 

Fuzzy Systems presents a promising avenue for 

enhancing the effectiveness and personalization of 

digital learning experiences. 

In conclusion, the integration of soft computing 

methods, including artificial neural networks, fuzzy 

logic, and neuro fuzzy systems, is pivotal in shaping the 

landscape of digital transformation in learning. These 

computational techniques offer adaptive and intelligent 

solutions that address the inherent complexities and 

uncertainties in educational environments. As education 

continues to evolve in the digital era, the application of 

soft computing approaches provides a foundation for 

creating personalized and effective learning experiences. 

The synthesis of these methodologies contributes to the 

development of intelligent educational systems that can 

adapt to the diverse needs and preferences of learners, 

ultimately fostering a more engaging and impactful 

educational journey [9-12]. 

 

3. Literature Review 

Digital transformation has significantly reshaped the 

landscape of learning, with soft computing playing a 

pivotal role in this evolution. Soft computing, 

encompassing techniques such as fuzzy logic, neural 

networks, and genetic algorithms, has brought about a 

paradigm shift in the educational sector. Fuzzy logic, for 

instance, facilitates the handling of imprecise and 

uncertain information in educational systems [13]. In a 

study by Wang and Zhang (2017), fuzzy logic was 

employed to enhance adaptive e-learning systems, 

allowing for personalized learning experiences based on 

individual student needs [14]. Furthermore, the 

integration of neural networks has revolutionized 

educational data analysis, enabling institutions to extract 

valuable insights from vast datasets. The work of Li et 

al. (2018) showcased the application of neural networks 

in predicting student performance, thereby aiding 

educators in early intervention strategies [15]. 

Additionally, genetic algorithms have been utilized for 

optimizing educational processes. For example, the 

study by Chen et al. (2019) demonstrated the use of 

genetic algorithms in course scheduling, resulting in 

more efficient allocation of resources and improved 

student satisfaction [16]. Thus, the amalgamation of soft 

computing techniques has not only refined the learning 

experience but also contributed to the efficiency and 

effectiveness of educational processes. 

The advent of digital transformation in education has 

ushered in new modes of learning, such as online and 

blended learning, which are further enhanced by soft 

computing methodologies. Online learning platforms, 

powered by soft computing techniques, have the 

capacity to adapt and tailor content to the unique 

learning styles of individual students. Fuzzy logic, as 

highlighted by AlZoubi et al. (2020), has been 

instrumental in developing intelligent tutoring systems 

that dynamically adjust the difficulty of tasks based on 

the student's performance, ensuring an optimal learning 

pace [17]. Moreover, neural networks have played a 

pivotal role in the personalization of online learning 

content. The study conducted by Smith and Brown 

(2021) demonstrated the effectiveness of neural 

networks in recommending relevant learning materials 

to students, thereby fostering a more engaging and 

customized learning experience [18]. As a result, the 

fusion of digital transformation and soft computing has 

not only expanded the accessibility of education but has 

also made learning more adaptive and tailored to 

individual needs. 

In the context of digital transformation and soft 

computing, the assessment and evaluation processes in 

education have undergone significant advancements. 

Traditional methods of evaluation are being 

complemented and, in some cases, replaced by 

intelligent systems that utilize soft computing 

techniques. Fuzzy logic has been particularly influential 

in developing assessment models that account for the 

ambiguity inherent in qualitative evaluations. The study 

by Liu et al. (2016) demonstrated the application of 

fuzzy logic in subjective assessments, providing a more 

nuanced understanding of student performance beyond 

conventional grading systems [19]. Furthermore, neural 

networks have been harnessed for automated grading 

and feedback systems. Wang and Li (2018) showcased 

the use of neural networks in grading programming 

assignments, highlighting the potential for faster and 

more consistent evaluation processes [20]. These 

advancements not only streamline assessment 

procedures but also contribute to a more comprehensive 

and accurate evaluation of student learning outcomes. 

The intersection of digital transformation, soft 

computing, and lifelong learning has profound 

implications for the future of education. Lifelong 

learning, characterized by the continuous acquisition of 

knowledge and skills throughout one's life, has become 

increasingly vital in the rapidly evolving digital 

landscape. Soft computing, with its adaptability and 

learning capabilities, plays a crucial role in supporting 

lifelong learning initiatives. Fuzzy logic, for instance, 
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has been employed in developing intelligent systems for 

skill assessment and gap analysis. The study by Yang et 

al. (2020) demonstrated the use of fuzzy logic in 

identifying skill gaps in professionals, enabling 

personalized learning plans to address specific areas of 

improvement [21]. Moreover, neural networks 

contribute to the development of intelligent tutoring 

systems that facilitate continuous skill development. The 

work of Chen and Wang (2022) highlighted the 

application of neural networks in creating personalized 

learning pathways, aligning with the evolving needs of 

learners in dynamic industries [22]. Therefore, the 

synergy between digital transformation, soft computing, 

and lifelong learning propels education into a future 

where learning is not confined to specific stages of life 

but is an ongoing and adaptive process.  

 

 

4. Implementation 

 

Fig 1 How digital innovation is taking hold in universities “[Sources(Abad-Segura et al., 2020; Carter et al., 2020; 

Kane, 2017; Matt et al., 2015; Powell & McGuigan, 2020; van Tonder et al., 2020)]” 

In this research, to analysis the impact of digital 

transformation in education system will use the 

Mamdani Neuro fuzzy system (NFS). The model of 

higher education implementation Fig 1 explain the 

impactful change in the implementation of e-learning in 

higher education system. The research is divided into 

phases as explained in Fig. 3: First Phases include the 

Collection of dataset and Second Phase includes the 

Implementation of NFS. 

 

 

Fig 3: Phases of Research Project 

A. Data Set 

To preparing the dataset in this research, prepare 

questionnaires’ online for learners / students who are 

active in current education institutions for last fifteen 

years. The questionaries belong with various questions 

that explained in Table 1. Questionnaire’s link shared 

with different age group learners and for rating of all 

questions between 1 to 10 (1-3: Poor, 4-7: Average and 

8-10: Good). As the submission process completed, the 

research follows the following steps: 

 

1. Retrieve the data from database in the form of table. 

2. Grouping the data. 

3. Calculate the arithmetic mean of group data using 

Step Deviation Formula. 

 
Where h= Class size 

https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR1
https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR4
https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR18
https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR24
https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR38
https://link.springer.com/article/10.1007/s10639-021-10739-1#ref-CR52
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ui= xi-A/h 

A= The middle value that is assumed as the mean for 

calculation. 

n 

∑  fi   

i=1  Sum of the frequency given can be denoted by N. 

The table of Questionnaires belongs with question their 

abbreviations that are used for NFS coding: 

Table I: Questionnaires 

RQ Abbreviation Question 

R.1 SDE Setup of Digital 

Transformation. 

R.2 AST Availability and Easily 

Setup of used tool. 

R.3 QTSys Query/ Problem taken 

system process in digital 

education (DE). 

R.4 QSSys Query/Problem solving 

tool/techniques in DE. 

R.5 AE Approachability for online 

classroom 

R.6 STE Solutions of technical 

error in platform/ login 

R.7 IOO Interaction(one-to-one) 

R.8 IOM Interaction(one-to-many) 

R.9 SIS Scope of interaction 

without schedule/ class 

R.10 TL Impact on learning in 

theories as compare to 

offline classroom 

R.11 EL Impact on learning in 

practical’s as compare to 

offline classroom 

 

Neuro Fuzzy Inference System 

In this research the Mamdani fuzzy inference system Fig 

3.1 is used that was first introduced as a method to 

create a control system by synthesizing a set of linguistic 

control rules obtained from experienced human 

operators [31].  

To compute the output of this NFS on given inputs: 

1. Determining a set of fuzzy rules 

2. Fuzzifying the inputs using the input membership 

functions, 

3. To establish rule strength combining the fuzzified 

inputs according to the fuzzy rules, 

4. Finding the consequence of the rule by combining the 

rule strength and the output membership function, 

5. Combining the consequences to get an output 

distribution, and 

6. Defuzzifying the output distribution if a crisp output 

is required. 

 

 

 

Fig 3.1: A two input, two rule Mamdani FIS with crisp inputs 

 

The Fig (9-11) shows the plot of fuzzy rule and the Fig 

12 displayed the result of digital transformation. The 

final result of Impact of Digital Transformation is 

33.42941176470587 that shows the result mediocre. On 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(14s), 565–572 |  570 

the basis of that result, we conclude that our higher 

education required few improvements in digital 

transformation. The fig 8 explain the impact of digital 

transformation using triangular membership function 

and the fig 12 explain the result of digital transformation 

impact using fuzzy logic. In fig 12 the result shows that 

33.42941176470587 % under mediocre category of 

membership function. The relation between membership 

function and impact value is 0.3.   

5. Results 

To calculate the impact analysis of Digital 

Transformation during Covid-19, the questionaries 

prepared for the student of higher education. The 

response of the students is recorded in .csv file format. 

The .csv file given input to NFS written in python. The 

NFS generated plot on the basis of data set values and 

determined membership function. The Plot mentioned as 

Figure (4-7) having the memberships values and impact 

shown in Figure 8.  Three membership functions are 

used to characterise the digital transformation 

infrastructure in fig. 4. In a fuzzy inference system, the 

triangle membership functions are used. Figure 5 

depicts, on the basis of the available data, how 

query/problem solving tools and approaches in DE can 

be classified using three membership functions. The 

usage of membership functions in the shape of a triangle 

is central to the logic of fuzzy inference systems. Figure 

6 presents a data-driven, three-membership-function 

description of the digital education (DE) query/problem-

solving system process. In a fuzzy inference system, the 

triangle membership functions are used. The three 

membership functions used to characterise the available 

data and illustrate the Readiness and Convenience of the 

Implemented Instrument are displayed in Fig. 7. The 

usage of membership functions of triangles in fuzzy 

inference systems. 

B. Plots generated by NFS:  

 

Fig 4. SDE 

 

 

Fig 5.QSSys 

 

Fig 6. QTSys 

 

 

Fig 7. AST 

 

 

Fig 8. Impact on Digital Transformation 
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Fig 9. R1Plot 

 

 

Fig 10 R 2 Plot 

 

 

Fig 11 R 3 Plot 

 

Fig. 12 Digital Transformation Result 

 

6. Conclusion and Future Scope 

This research paper shows that, in few areas the digital 

transformation for learning is good alternate of offline 

learning in such COVID-19 and any other disaster 

situation. But few areas required to reconsidered the 

current strategies and enhance the technical support. As 

the result shows, the learners required more awareness 

and hand on job workshop for better results in education 

sectors. In future, this research can be segmented based 

on parameters and classification to evaluate the impact 

of digital transformation for learning in education 

sectors using Adaptive Neuro Fuzzy Inference System. 
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