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Abstract

:

This research investigates blockchain technology, focusing on the influence of motivation on collaborative work, which positively influences learning performance in Higher Education Institutions (HEI). In addition, blockchain technology is correlated with decentralisation, security and integrity, and anonymity and encryption. It can also be perceived as a consensus mechanism, rewarding students, professors, and universities as a smart contract. Therefore, this technology has been used to improve higher education. It also allows less informed people to interact with better-informed peers and mentors. Finally, this study aims to enhance the current state of blockchain applications comprehension. The methodology used for this research includes document analysis, literature review, content analysis (blockchain platforms), the case study method, and the survey method. In statistical considerations, aiming to evaluate indicators, this research presents the Composite Reliability Analysis, Cronbach Alpha Coefficients, and the Bootstrapping method (Variance Inflation Factor). All these analyses aimed to present a designed research model. This exploratory research gathered data from 150 students at 3 universities in Serbia, Romania, and Portugal. As demonstrated, using student motivation has a significant and positive impact on the quality of student collaborative work. Student collaborative work also correlates with students’ higher level of engagement in the educational process, and the more engaged students are, the better their learning outcomes will be. As a result, in higher education, student involvement boosted learning outcomes. Researchers found that motivation, teamwork, and student involvement were important factors in improving student learning outcomes, as were blockchain-based tools. The results from the quantitative analysis indicate that Collaborative work, Motivation, Engagement, MOOCs, AR, VR, Gamification, and Online class were associated with learning performance.
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1. Introduction


The concept of “planetary well-being” is a guiding aspiration that establishes an ideal regulation of both humanity and the planet, including an integrated system of sustainability of natural and social aspects [1]. Nevertheless, sustainable education (SE) in the era of millennials, generation Z, and the Alpha generation must be based on the following three pillars as the first is already part of the education system and the latter will enter the system more or less at the same time when blockchain technology will become a part of the education system:




	
to be equitable, inclusive, and nudge personal development, even though life-long learning approaches, including digital, transversal, and practical skills, i.e., critical thinking, communication, collaboration, information literacy, analytical skills, metacognitive and reflection skills, and other research skills, as a condition to adapt to the continuous challenges of green market context [2];



	
developing digital and transversal competences, investing in people to facilitate their employability, creative work, and resilience required by professions;



	
developing innovative curricula, new methods, and technologies in teaching and evaluation, such as MOOCs (Massive Open Online Courses), VR (Virtual reality)/AR (augmented reality), blockchain, videoconferences, etc. [3].








The behavioural changes which emerged in the younger generations inescapably led to the reshaping of learning itself. Consequently, teaching methodologies are being updated to keep up with the evolution of learning and, especially, to train future professionals for both labour and professional careers markets. On the other side, the demand for Higher Education (HE) has increased, and new technologies have been seen as an asset to learning. However, learning is a cognitive process and a social one, which involves interaction. Therefore, from a broader perspective, education must be sustainable in time. In this case, Sustainable Education (SE) is a significant concept that promotes employability and involves continuous, inclusive, and equitable learning. A digital transversal may assist practical skills, new methods and technologies in teaching and assessment. Moreover, SE includes all stakeholders—students, professors, universities, communities, etc.



The learning loss is enormous if we account for the context of disruptive forces, continuously shifting geopolitical powers, and, presently, the pandemic that has affected over 1.6 billion learners. Moreover, 86% of children in low-income countries are effectively out of school due to school closures, compared with only 20% in high-income countries [4]. Nevertheless, any crisis offers new opportunities for sustainable development education. Advanced technologies, such as AI, Robotics, 5G, machine learning, blockchain, e-learning, educational platforms, virtual classrooms, and others, can offer real support [5].



About 6.7 million learners, children, and young people from 3 to 18 years old were impacted by school closures in Spain [6]. As a result, online information sources gained relevance, and new technologies, e.g., virtual reality (VR) or artificial intelligence (AI), may play an important role [7]. The value creation also can be measured by implementing VR/AR simulation [8]. However, according to the authors, only VR consulting firms with a solid academic background, such as university spin-offs, have combined qualitative data to measure cognitive behaviours that influenced participants’ performance [7].



More and more areas are emerging in innovative blockchain approaches. Thus, blockchain technology is used to enhance higher education, and developing an educational infrastructure to support learning is part of the present. Innovative science learning relationships often involve sustained individual inquiry, intense social interaction with interest groups, and expert mentoring relationships [8]. Blockchain technology allows less informed people to interact with better-informed colleagues and mentors [9]. Our study aims to demonstrate that blockchain applications can be implemented in education or industry. Moreover, the proposed case study shows a simple solution for solving and implementing this technology in the academic network. Therefore, the main research issues this study addresses are the significant opportunities for HEIs if implementing blockchain technologies; the significant challenges HEIs face while implementing blockchain technologies (research problem).



Regarding the concept of the paper and its organisation, this is an original research paper for which the IMRAD model was used to present the theoretical and empirical basis of the research.



The researcher’s goal is to describe the current state of blockchain technology in higher education, analyse its benefits and drawbacks, and propose solutions that HEIs can use. In addition, this study investigates How can HEIs benefit from blockchain technology, and while implementing blockchain technologies, what significant issues do HEIs face. Those are the central research questions of this article.



The motivation for the research lies in the fact that we, the authors of this article, have been individually involved in the development processes of implementation of Information technologies in HEI and other processes in our countries for decades. We have initiated the implementation of blockchain technologies in higher educational institutions and EdTech companies we are employed or own.



This study’s added value is mainly due to the lack of research into how blockchain technology is used in HEI. In addition, because the use of blockchain technologies in higher education is still nascent in many countries, we believe that the findings of this research will be of great importance for countries of all income levels, but especially those in low and middle-income categories.



Document analysis (literature review) is used in this paper to gather qualitative information and knowledge gains. Using the following model, the document analysis process involved accessing relevant documents, creating an organisational chart, verifying the authenticity of the documents, and discovering the content within each of them. The data was collected from 150 students from 3 universities in Serbia, Romania, and Portugal, representing exploratory research. Their opinions were coded and analysed through composite reliability analysis, Cronbach’s Alpha Coefficient, Average Variance Extraction, and bootstrapping at the end that emphasised the opportunities and challenges brought by blockchain implementation in HEI.




2. Materials and Methods


The state of the art evaluation, participation observation, and a case study model were used as methodological approaches in the research. Document analysis was also used. In addition, a survey was conducted among college students. We took this approach because we are all university professors, involved in instructional methods, and deal with students daily. Additionally, literature or document analysis is also an excellent way to acquire information in the social sciences. Surveys are a handy tool for obtaining quantitative data and performing quantitative analysis. In digital (online) form, it is a low-cost tool, and, in terms of identifying those who use technological tools efficiently, it is highly valued.



We have kept objectivity and avoided bias in our analysis by conducting it with multiple coders; having participants check our results helped us maintain objectivity. We used various statistical techniques to ensure the correctness of the results. A thorough literature review that uncovered new information aided our fact-checking efforts by helping us verify the findings with additional data sources and helping us explore alternate explanations.




3. Research and Results


3.1. Primary Research (Document Analysis)


3.1.1. Teaching Methods


As in other fields of activity, in education, the classical methods are still intertwined with the new, 21st Century methods, which are beginning to grow in importance as they are implemented. Presently, the pandemic has collapsed businesses and has caused substantial job losses, lost skills, lost productivity, and higher personal and national debts. These economic downfalls increased inequalities, social divisions, and environmental degradation [10]. In education, the unevenness can be mitigated by a meritocracy approach and providing effective systems and technological support for learning, identifying, and fostering students’ extraordinary talents. Each school must invest in exceptional skills to bring the most innovations in a future sustainable economy [10].



New technologies, coupled with a pandemic context, presents new and unique challenges for the next generation, including mastering new technology to complete their jobs. The new generation must be prepared for these challenges from school. Blockchain proved to be efficient in many activities of the entire life-chain of Higher Education (HE), from student recordkeeping to issuing diplomas and job matching [11,12].



Methods of teaching change through teaching and learning styles, such as inquiry, e.g., asking appropriate questions, project-based, problem-solving, i.e., meet a sustainable goal, innovative solutions (VR/AR, Massive MOOCs, Gamification, videoconferences), active teaching and learning by doing, experimenting, simulating, etc. [11,12]. For example, blockchain can change society and create a new social and financial ecosystem [13]. These methods should be integrated teaching and learning that encourages students to explore, explain a problematic phenomenon, elaborate projects, and solve the problem. The evaluation should be performed as positive feedback and a performance-based assessment. In this approach, the selection of good skills may provide a more personalised classroom-oriented teaching and learning because each student learns differently, i.e., some of them learn by reading, and others learn by memorising or doing, experimenting, listening, etc. [14,15].



According to [16], the gamification design can result in engagement and better learning performance, as presented in Figure 1.



Each person comes up with solutions to the education problem and learns to have fun in the process, as playing, for example. However, rules must be enforced. With assumed teaching and learning, students can make a significant performance and excellence distinction between their future roles as employees, managers, and visionaries. They will also acquire skills such as creating worlds with their imaginations, imagining things that are not possible, and developing visionary thinking to see something that does not yet exist. It is essential to leverage intelligence to drive growth and reduce risk in strategic choices as well. A sustainable education will be based on ethics, values, and the capacity of students and professors to adapt to the continuously changing and multi-faceted world. It means discovering what students should learn, the ways of teaching, how they can appropriate broader competences, and how education needs to change to achieve the goal [3,17,18,19,20]. A way to teach and most straightforward to test is to digitise, automate, and outsource. That value is less and less created vertically through command and control and increasingly horizontally by whom you connect and work with.




3.1.2. Blockchain Platforms—Advantages and Disadvantages


Blockchain is similar to a ledger that records digital forms and shares information across a computer network that includes digital signatures and certificates. However, in the context of education, it aids transparency, permanently authenticates, and accesses the learning and performance metrics through complex cryptology algorithms that authenticate the entire system’s integrity [21]. For example, the simplest way to describe blockchain technology is a decentralised, distributed ledger that proves a digital asset’s ownership.



Blockchain platforms that have already been tested are Khan Academy, Tutellus, etc. These platforms nudge peer-to-peer learning for students, teachers, and professional communities (business). Offering appropriate competencies for market labour is essential to train the teacher to provide personalised learning experiences for teachers through innovations in curricula, teaching methods, and digital resources.



The disruption of learning and increased use of technology resulted in the emergence of a “hybrid model”: School-Based Learning and Home-based learning and increased use of online communication through Zoom, Facebook, Amazon, MOOCs, Google Classroom, and other advanced blockchain platforms based on blockchain technology such as Khan Academy, Tutellus, Sony Global Education (SGE), APPII, SuccessLife, TeachMePlease (TMP), GradBase, ODEM, Blockcerts, Parchment, and Echolink. These platforms have different advantages and disadvantages [3,22], as presented in Figure 2.



Blockchain’s facilities [23,24,25,26,27] are decentralisation, traceability, consensus mechanism (agreement data in multiagent frameworks or distributed processes are DPOS, POW, and POS), currency (different algorithms are used in creating a new cryptocurrency, used for payment and accounting), smart contract (blockchain protocol is used in coding secure financial agreements, which many counterparts can activate, and immutability (data entered remain unchanged, being controlled by all the counterparts). Some challenges are associated with applying blockchain when using wireless communication [28]. Blockchain facilities are used in different situations [10,22,29], for example:




	
Decentralisation, smart contract, and transaction rate are necessary features in the management of the content library (the students save their work on a device, and after a while, he can continue to improve it on another, as the service is platform-independent), publications, and cooperative learning; using intelligent contracts ensures the transparent conduct of transactions without an intermediary;



	
Distributed Cloud data storage provides security and integrity to blockchain transactions;



	
Distributed storage and the choice of a recognised validation algorithm protect against Denial of Service (DoS) attacks;



	
Anonymity and encryption are essential when depositing personal data (GDPR);



	
Transaction rate, e.g., when students pay taxes, must be followed by an



E-Certificate, with a digital signature that can be archived and accessed with public and private keys;



	
The smart contract is often used in B2B paradigms and job offers, reducing the unemployment rate by presenting job opportunities to skilled and certified persons. In this case, an integrated scoring and tokenising system are required. Depending on the type of business, we can choose between free-access, restricted blockchains, or even federated blockchains;



	
Traceability is used when feedback is essential and in a ledger of students, professors, universities, files, marks, diplomas, courses, etc.; once a transaction is stored, it can no longer become reversible; at most, one can add a block that will cancel the previous transaction if it passes the validation stage;



	
Rewarding students, professors, and universities can be accomplished within a consensus mechanism and smart contracts that offer tokens; these tokens can be transformed into virtual currency; using cryptocurrencies dedicated to a blockchain but interchangeable with other cryptocurrencies, the students are conditioned/ allowed to use these tokens or virtual currency in restricted networks libraries or books stores that contain educational literature;



	
Consensus Mechanism, Smart Contract, and Currency are used by the Token system.








Blockchain in education is essential for students, universities, and entrepreneurs to establish standardisation and validation of the educational system and its stakeholders to be met to mitigate fraud. Thus, comparisons between degrees obtained in different countries and translation problems can be avoided [30]. In addition, it is crucial to solve security problems on the Internet—such as authentication, storage, and certification—and reduce costs and time with academic research verification, increasing transparency. Certification, e.g., degrees, transcripts, students’ competencies, achievements, and professional ability, will be trustable and credible for all companies worldwide [29]. The significant differences between skills validation and certification verification between universities and companies emerge in essential gaps in the workforce. Blockchain comes with solutions for universities and companies to verify, validate, and aggregate individual “learning notes” [31].



The blockchain application is highly dependent on context and evaluating it requires considering whether it is appropriate for a specific application. As long as there is no central authority tracking and storing data, university recordkeeping would work with distributed ledger technology (DLT). Thus, students go from course to course based on their ability, and each student is assessed on their own. It is tough to justify this use case as long as a formal curriculum and learning program with a sequential course sequence exists. However, this example could work if a new school is willing to bankroll MOOC’s outcomes delivery from a more comprehensive entity and receive student certification when the student meets requirements. There needs to be cooperation from the establishment in order to adopt this system. When using DLT to store content that protects use and copyright, the use case is entirely different. When examining these consequences, it can be found that they are numerous and complicated.



Blockchain technology keeps a complete record of course in data blocks in sequential order by timestamps. The old and new data blocks cannot be deleted, and the cryptographic algorithm prevents data tampering and reduces fraud [30]. Therefore, this technology is no longer at the beginning of the evolution in the academic environment. However, there is still a lack of an educational infrastructure to support the learning of this technology. The purpose of this case study is to provide a simple way to use Blockchain to present courses: MOOCs, XR, video, simulations, gamification, etc. The purpose was also to reward teachers and students for their activities with tokens that might be transformed into virtual currency to store and access only educational data and research. One priority of UE and most universities is the digitalisation of hybrid higher education and ensuring the formation/education of students with innovative knowledge and transferable competencies and skills for a mindset and a sustainable behaviour change to reach Green Deal objectives [3,32,33]. This study is a practical approach that shows that motivation influences collaborative work that influences blockchain and learning performance in HEIs.



Blockchain can be applied in the higher education sector for many purposes, such as the following [34]:



Recordkeeping



Student record keeping is a very costly and time-consuming activity that can be performed with minimum effort using blockchain technology [35,36]. Information such as personal details (name, identification, address, etc.), courses attended and marks, and degrees obtained, and diplomas obtained are secured in blockchain platforms and are trustful/transparent for all counterparties. Thus, there is no need to verify them every time it is required. They will result in a virtual transcript of all educational achievements throughout one’s entire life to prevent CV fraud and facilitate streamlined student transfers between universities [36]. Furthermore, universities may not emit a paper diploma but provide a link where it is available, preventing thefts from using fake degrees for employment. MIT has already implemented blockchain-stored diplomas since 2017. In this regard, our study is a relevant example.



Professors can protect their courses’ intellectual property (IP), ideas, inventions, and patents based on blockchain. Thus, the plagiarism problem can be easily combated. The plagiarised research papers will also be discovered very quickly. Professors will reduce the spread of copyright courses on the Internet, saving it in a secure chain with advanced encryption. The data will be accessed by permitted network users [37].



Educational institutions must face high competition since the Internet crashed the space and time limits. In their struggle to enrol and engage, students face the challenges of international and national accreditation. Moreover, the post-COVID-19 context brings new accreditation criteria such as digitalisation, hybridisation, entrepreneurship, social inclusion, green and circular economy, etc. Blockchain can facilitate this complex process of accreditation that will ensure the quality of teaching, learning, practising, and business communication worldwide [29].



Another advantage of digital recordings is matching the skilled, certified student with job offers by companies and matching different organisations’ requirements.



File storage Universities can deposit all documents such as curricula, research reports and projects, degrees, etc., in blockchain, ensuring data security and reducing cost with storage space, choosing storage services such as Filecoin [38].



A synthetic representation of the flux of activities, knowledge, courses accessed and controlled by students through their educational data on e-portfolios, feedback, and accreditation is presented in Figure 3.



This draft helps develop the basis for a blockchain platform associated with higher education.



Create a New Market for Digital Assets [10,39].



Students’ fees could be associated with a labour-intensive activity that implies the transfer between different entities, such as students, parents, scholarship-granting agencies, financial institutions, governments, and educational institutions. Universities, such as King’s College in New York City, already use cryptocurrencies.



Rewards: Rewards can be obtained through cryptocurrency mining. For example, the computer node that continuously checks the data integrity saved on a blockchain obtains rewards such as digital tokens or ether. In addition, these currencies can be used to buy other educational goods and services because universities accept tokens as payment in cafeterias, books, or courses.



Digital Badges: The students can obtain badges from experts in different study areas in the parties’ approval process. Their confidentiality and integrity are based on hashing algorithms [35]. In addition, open Badge Passport offers services that certify different qualifications of a person, such as being a specialist in IT, speaking German, English, and French, and being an excellent swimmer, too [40].



Publishing fees: Students and professors have an interest in publishing the results of their research in high journals. There were very notable cases of good articles that were rejected for publication, probably for being very innovative, difficult to understand, and because of the fear of being fake, etc., but in the end went on to receive prizes for their authors: e.g., Kary Mullis’s 1993 paper on a polymerase chain reaction. This inconvenience might be avoided by using blockchain technology. Blockchain technology can keep all the records regarding issues, papers, authors, fees, etc., with blockchain technology.



Create a Disruptive Business Model


This new model of business create value-added through the following methods [2,29,31,34,35,36,38]:




	
Record control for student admissions formalities through distributed ledger technology implemented in decentralised platforms, under a secure environment;



	
Library records and services are tacked by the distributed ledger: the tracking of books and students’ preference for each book;



	
Enhancing and motivating lifelong learning: BitDegree, OECD.io;



	
Strengthening student’s assessments and career settlement;



	
Certificate and identity management: digital credential, consortium, block certs, open source, etc.;



	
Rewarding extracurricular activities with certificates of achievement presenting student contributions to an academic institute;



	
Ensuring intellectual property protection and reducing plagiarism through smart contracts that can track paper citation and reword authors [37];



	
Automated liability, accountability procedures, and administrative tasks;



	
Provide records of transparency: public information is accessible for everyone;



	
Ensuring data privacy and security: GDPR compliant;



	
Cyberpayments and reduced costs: bitcoins and custom cyber coins;



	
Scalability: the slow speed of transaction processing in blockchain may determine bottlenecks when trying to scale the educational process worldwide;



	
Digital marketing: helping to identify associated or complementary preferences and facilitate the purchase decision process;



	
Innovation: this immature technology is associated with a different powerful mindset that implies the active transparent participation of different counterparties: sustainable universities—competitive digital skilled students; sustainable business—sustainable green economy;



	
Market option: although the market shows a lack of trust and knowledge on how to harness the potential of blockchain technology in education, there are already educational entities that have implemented blockchain and smart contracts, such as the borderless Woolf University, established by academics from Oxford and Cambridge. Their goal is to set up an Airbnb of degree courses, where the relationship between students and teachers implements this new disrupted model, solving challenging problems for traditional technologies. The teachers are rewarded with tokens that can be transformed into cyber currency and students with credits, badges, certificates, and sometimes tokens that can be used to buy other educational services [40];



	
This online system facilitates the relationship between teachers, staff, and senior and junior students because they can access lectures and events from all around the world, nudging good long-term relationships between students and faculty;



	
The management of transportation and hostel facilities for students and staff can be easier by setting up carpools, reducing traffic and bottlenecks in cities, offering a secure and convenient drive to students, and mitigating the parents’ responsibility.









Decentralising Online Learning


Nowadays, some students want to pay for different modules or take the best courses from different universities. This situation cannot be solved without international credit points and skills offered by course graduation based on blockchain technology because each university has unique specifications and regulations. There are institutions with prerecorded courses that do offer support and feedback for students. With no real-time data exchange, students may be confused regarding the information received and obligated to pay another service to get in contact with a real teacher. Decentralising Online Learning will ensure the real-time online interaction between teachers and students, and the student may have the opportunity to choose between courses from curricula [10,38].



In this decentralised system, courses are stored in intelligent contract blockchains to be set up to be executed automatically when meeting the established conditions. Thus, each teacher can assess tasks for students that the blockchain’s smart contracts can automatically check. Then, the teachers are rewarded with cryptocurrency, tokens, and students can gain badges, credits, and after program completion diploma [40].




Creating Better Learning Platforms


Platforms, such as SGE, Edgecoin, and Tutellus, might be improved to offer all the available facilities, as presented above. Users can buy internal tokens in these platforms to ask for feedback from standby online tutors, access learning materials, e.g., VR courses, and access other educational services. They might invite friends to subscribe and gain tokens. Professors also gain more tokens when users interact with their content. Blockchain ensures the swift interaction between students, instructors, and developers [38,41].



Analysing best practices (case studies), we have learned that using blockchain, colleges will have more options as the best practice case can show (Technical University of Madrid, Spain). Higher education platforms such as Tutellus, SGE, and Edgecoin will be improved. Incredibility, traceability, and security will drive the widespread adoption of blockchain. As a result, it can be used for everything from student fees to digital badges, file storage, and new online learning models.



As physical distance becomes less important in knowledge sharing and networking, blockchain facilities will be a sustainable solution for higher education [42]. Ullah and colleagues discovered that some schools use blockchain technology for educational purposes, while others manage academic degrees and final grades. It requires a college diploma and grade-based tests.



Online courses include group meetings, presentations, and research skills. Nicosia University is using distributed ledger technology (DLT) to verify MOOC credentials. Sony Global Schooling has decided to use blockchain to create a transparent evaluation framework for providing data storage and management services. MIT also created a distributed ledger-based digital badge for online learning. The Holberton School is the first educational institution to use distributed ledger technology (DLT) to store degrees and educational information. Each record in a distributed ledger has a unique student ID [43].





3.1.3. Relationship between Student Motivation, Student Collaborative Work, Student Engagement, Student Learning Performance, and Blockchain


A MOOC is a platform in which a blockchain application should trace any interaction between different types of members. Each student can gain some credit points when they solve a task very well [16,19]. Teachers can also obtain some credit points for each good video or VR class uploaded for good teaching and interaction with the students [17]. These credit points can be transformed into virtual currency or discount coupons for educational resources.



In conclusion, the platform may offer free online courses and courses that can be virtually paid for. This system will ensure an intense engagement of the teachers and students within the platform, and it will assure a sustainable educational approach. Furthermore, this approach will help students gain competencies rather than content. It will also help them acquire transferable skills rather than discipline-specific skills, which will engage them in problem-solving and system thinking rather than learning STEAM. In this way, the platform can motivate students and stimulate critical thinking, collaboration, communication, and creativity [11].



Critical thinking can be stimulated when the teacher enters the online classroom and presents a problem, asks a question, or asks for a specific task to be solved by the students with their knowledge and skills. If the students cannot solve the problem, then the teacher can give them some clues. In the end, thinking about solving problems, the teacher redirects the students to a video/experiential class, simulation applications, or a specific game where he explains the whole content to be learned. Here, the teacher will present the lesson. In other words, the teacher can stimulate collaboration by asking students to form small groups and solve a project or a problem. In this way, a teacher can also stimulate collaboration and communication between students and creativity [11,20].



So, the teachers may consider teaching less, experimenting more, simulating more, and playing games to solve complex problems. This approach will help us use experiential teaching and learning (meaning-making many experiments in virtual reality), stimulate interacting teaching, and stimulate challenge-based learning (when the students have to solve a problem with their background). This approach will also stimulate inquiry teaching: asking questions as the students find the answer by themselves.





3.2. Secondary Research: Experimental Data, Complex Analysis, and Significant Results


To identify some opportunities and challenges associated with blockchain in HEIs and aiming to understand how blockchain can be used in HEIs, a quantitative and qualitative analysis was developed with students from Serbia, Romania, and Portugal, using SmartPLS 3.0. Software. The literature review emphasised the relevance of motivation [44], collaborative work [31,37], and engagement of students [17], as well as the use of blockchain tools [38,41] to improve learning performance [17].



The research objective was to identify the relevance and influence of student motivation, collaborative work, engagement, and blockchain on student learning performance. Figure 4 shows the structural model of analysis. The first variable, V1, is named “Student Motivation”. Through Cronbach’s Alpha, we verify if items such as student collaborative work, MOOCs, AR, VR, and gamification influence V1. The second variable, V2, is named “Student Collaborative Work”. Through Cronbach’s Alpha, we test if V2 is influenced by MOOCs, AR, VR, and gamification. The third variable, V3, is named “Student Engagement”. Through Cronbach’s Alpha, we test if V3 is influenced by student collaborative work, MOOCs, student motivation, AR, VR, and gamification. The fourth variable, V4, is named “Learning Performance”. Through Cronbach’s Alpha, we test if V4 is influenced by student collaborative work, student motivation, student engagement, MOOCs, AR, VR, and gamification and online classes. Table 1 presents the variables and respective indicators. The fifth variable, V5, is named “Blockchain”. Blockchain is used in HE for a massive audience, and through Cronbach’s Alpha, we test if V5 is influenced by MOOCs, AR, VR, gamification, blockchain facilities, and videoconferences.



For the needs of the research and following the research model, a questionnaire was developed. The first group of questions consisted of socio-demographic questions. The second group of questions consisted of questions following the variables from the model (Table 1, Figure 4). A five-point Likert scale was used for this group of questions. Then, variables formulated as questions and options were given to respondents followed with a scale: disagree, partially disagree, neither disagree nor agree, partially agree, and agree.



The survey questions are as follows:




	
Q1: Do you think these items promote suitable motivation for HE learning?



	
Q2: Do you think these items promote suitable collaborative work for learning?



	
Q3: Do you consider these items to promote suitable engagement for learning?



	
Q4: Do you consider these items to promote suitable Learning Performance?



	
Q5: Blockchain is used in HE for a massive audience. Please, evaluate the importance of new methods and technologies in teaching and evaluation.








Due to the rationality of the record, not all variables were analysed for this paper but only those that fit into the research model. Others are not mentioned.



3.2.1. Data and Variables


The data were collected from 150 students from 3 universities in Serbia, Romania, and Portugal, representing exploratory research. Thus, the results obtained cannot be extrapolated to the entire statistical population but represent preliminary and essential research for exhaustive new research on a more representative sample.



We start our analysis from the assumption that V1 influences V2 that influences V3 and V5. In addition, V3 influences V4, as presented in Table 1 and Figure 4.




3.2.2. Research Process


Based on the literature review, the authors designed a survey that considered V1, V2, V3, V4, and V5 variables defined above. In addition, they also considered tools such as MOOCs, AR, VR, gamification, and Videoconferences, analysed from student perspectives.



Our analysis starts from the following assumptions:



Hypothesis 1 (H1).

Student Motivation (V1) has a powerful and positive influence on Student Collaborative Work (V2);





Hypothesis 2 (H2).

Student Collaborative Work (V2) is associated with a higher degree of student engagement in the educational process (V3);





Hypothesis 3 (H3).

Student Collaborative Work is bootstrapped by the use of blockchain in HE for a massive audience (V5);





Hypothesis 4 (H4).

The higher the student engagement (V3), the higher the student learning performances (V4). Student engagement bootstrapped the learning performances in HE.





Different analytical tools and applications were used to code the data and extract knowledge (Table 2 and Table 3, Figure 3, Figure 4 and Figure 5), including the correlation matrix, composite reliability, Cronbach’s alpha, and bootstrapping. The variables were mined with Smart-PLS3 [45,46,47,48,49,50,51,52,53,54,55,56,57,58,59]. After correlating data and variables and verifying the model’s reliability, we designed three regression models assuming this hypothesis was not rejected.



Furthermore, in statistical considerations, aiming to evaluate indicators, this research presents the Composite Reliability Analysis, Cronbach’s Alpha Coefficients, and the Bootstrapping (Variance Inflation Factor). All these analyses aimed to present a new model.




3.2.3. Composite Reliability


Composite reliability is a conservative to validate if there is an overall factor of the indices and, consequently, a theoretical dimension to the construct [60]. The composite reliability can be verified through the beta coefficient [61] of internal consistency, which should be higher than 0.7 and reliability alpha [62], which should be higher than 0.8. Values above 0.7 are already indicative of a reliable reflective measurement [63]. Figure 4 presents the composite reliability analysis. The composite reliability shows an influential model because all the values of the AI factors (subindices) are very high (greater than 0.7). Figure 4 presents the Composite Reliability Model.




3.2.4. Cronbach Alpha Coefficients


The Cronbach’s coefficient (V1—0.873, V2—0.888, V3—0.891, V4—0.930, V5—0.932) demonstrates that our analysis is safe and consistent because the sub-indicators of the variables mentioned above (Table 2) correlate between themselves and with the additive result of all sub-indicators. This criterion is more significant than 0.7 for all variables and their sub-indicators. Some authors accept the 0.6 value as valid, too.




3.2.5. Average Variance Extracted


There are two criteria for analysing the discriminant validity of reflective measures: the Fornell–Larcker criterion and the cross-loading of the indicators [46,47]. According to the Fornell–Larcker criterion, discriminant validity is obtained when the square root of the average variance extracted (AVE) of each construct is greater than the correlation with all other indicators [57,59]. Table 2 presents the average variance extracted (AVE).



The correlation between the indicators can also assess the reflective measures of the constructs. The empirical tests suggested by [61] include the following: (i) internal consistency, (ii) reliability, (iii) factor average variance extracted (AVE), and (iv) factor loadings. Table 2 shows these values.




3.2.6. Bootstrapping (Variance Inflation Factor)


The bootstrapping procedure to identify the Variance Inflation Factor (VIF) of each construct was performed with 5000 samples and a reliability of 95% with the help of SPSS software, as suggested by [59]. The results are summarised in Table 3.



The bootstrapping procedure is summarised in Figure 5.



Considering the significance of 5% for the two-tailed test in bootstrapping, t-values below 1.96 are considered critical [45,57]. In this case, all values were considered significant. The results are summarised in Table 4.



The existing sensitivity to sample size can be validated by the value of the factorial inflationary variance, which ensures the variance stability when it is less than five [64]. As we can verify in Figure 3, Figure 4 and Figure 5, all hypotheses were accepted. In other words, Student Motivation (V1) has a powerful and positive influence on Student Collaborative Work (2), Student Collaborative Work (V2) is associated with a higher degree of student engagement in the educational process (V3), Student Collaborative Work is bootstrapped by the use of blockchain in HE for a massive audience (V5), and the higher the student engagement (V3), the higher the student learning performances (V4). Therefore, student engagement bootstrapped the learning performances in HE. Based on the data analysis, this research design consistent regression models according to Table 5.



According to the results, the regression model is based on the following:



V1 = 0.378 + 0.803 × V2;



V2 = 1.1124 + 0.837 × V3 + 0.602 × V5;



V3 = 0.464 + 0.895 × V4.



The regression models are presented in Table 5.






4. Discussion


Investigating the impact of motivation on collaborative work in higher education institutions, this study examines the potential of blockchain in those institutions (HEIs). Based on the chosen methodology in his chapter, we will present the outcomes of our research based on observation, document analysis or survey results. Decentralisation, security, and integrity can all be provided by Blockchain, as well as anonymity and encryption. Furthermore, it can be seen as a consensus mechanism that rewards students, professors, and universities the same way an intelligent contract does.



Using this technology, universities have been able to raise the quality of their programs. It also gives those with less knowledge the opportunity to interact with more knowledgeable colleagues and mentors. Finally, the goal of this research is to improve the current understanding of blockchain applications.



This study’s methodology includes document analysis, a literature review, content analysis (of blockchain platforms), a case study, and a survey of respondents. In addition, Cronbach’s Alpha Coefficients and Bootstrapping are statistical considerations that aim to evaluate the indicators in this study (Variance Inflation Factor). Ultimately, the goal of all of this research was to present a well-thought-out research model. The data used in this exploratory study came from 150 students at 3 universities in Serbia, Romania, and Portugal.



The composite reliability shows a significant model because all of the AI factors’ (subindices’) values are incredibly high. As a result, a reliable analysis will have a high Cronbach’s Alpha Coefficient, which indicates that the sub-indicators of each of the variables are correlated both within themselves and with the total of all their results.



Student motivation has a significant and positive impact on the quality of student collaborative work, as demonstrated by blockchain in Higher Education. Work completed by students in groups has been shown to increase student involvement in the educational process, and more involvement means better learning outcomes for the students involved. Student involvement improved learning outcomes in higher education as a result. Using blockchain-based tools and motivation, teamwork, and student involvement was critical in improving student learning outcomes. Research shows that collaborative work, motivation, engagement, MOOCs, augmented and virtual reality (AR), game-based learning, and online classes are all linked to student learning outcomes in quantitative ways.



Using blockchain, the advantage is double for students: On the one hand, a very accurate record is stored in the data source and increases the students’ interest to interact with the e-learning platform; on the other hand, the HE Cloud can be stored in many blockchains for different activities [10,39].



According to this research, all variables such as Student Motivation, Student Collaborative Work, Student Engagement, Student Learning Performance and blockchain and their indicators were considered significant. Moreover, the respective relationships were accepted.



Sustainable education in the millennial era must be founded on three pillars: equity, inclusion, and personal development. This requires life-long learning approaches that incorporate digital, transversal, and practical skills (i.e., critical thinking, communication, collaboration, information literacy, analytical skills, metacognitive and reflective skills, and other research skills) [2,3].



This research found that collaborative work, motivation, engagement, MOOCs, AR, VR, gamification, and online classes were associated with learning performance. In other words, student performance can be improved through these factors. In addition, decentralising Online Learning will ensure real-time online interaction between teachers and students, and the student may have the opportunity to choose between courses from curricula.



In addition, using MOOCs, AR, VR, gamification, blockchain, and videoconferences, it is possible to implement improvements in the structure and duration of content and add learning tools.



Furthermore, the importance of document validation must also be associated, accelerating the process and reducing costs and paperwork. Finally, blockchain is a fully inclusive process, which allows the integration of the most diverse cultures and people and the most varied learning levels. In this way, one can connect blockchain to the concept of sustainability, especially when learning in higher education institutions can be favoured by new technologies.



Blockchain will offer learning alternatives in higher education institutions through this technology. As we saw in the Technical University of Madrid (Spain), Universidade Aberta (Portugal), Open University EADTU (Netherlands), Universidad de Oviedo (Spain), and Universidade de Zaragoza (Spain), it can be promoted sustainability in the long term. In HEIs, platforms such as Tutellus, SGE, and Edgecoin will enhance the distance learning management process, student collaboration and interaction, student creativity, and higher motivation to obtain transferable skills and international recognition of thought badges. Furthermore, because of its credibility, traceability, and security, blockchain will be increasingly used in all areas: recordkeeping (for students, professors, educational institutions, and file storage), the creation of a new market for digital assets (students’ fees, rewards, digital Badges, publishing fees), the creation of a disruptive business model, decentralising online learning, and the creation of better learning platforms. Soon, physical distance will matter relatively little for knowledge sharing and networking, diminishing the importance of spaces, meaning blockchain facilities will be a sustainable solution for HE.



To provide the best education, this research has presented a blockchain that focuses on including HEIs, that can decentralise and provide security and integrity, and that can offer anonymity and encryption, promoting increased transaction rates. In addition, it can be seen as a consensus mechanism, rewarding students, teachers, and universities as a smart contract. Moreover, building an educational infrastructure to support learning from this technology is a must in today’s times. Finally, technologies such as MOOCs allow less-informed people to interact with more knowledgeable peers and mentors.



In describing a broad range of ideas, the paper guides the educational sphere. DLT offers many advantages, and it would be beneficial for badgification and the manuscript review process. This is because DLT helps address several problems that come with traditional methods. Online learning has given students more choice, and DLT can assist in tracking, storing, and distributing learning records. Though a well-known company is needed to start a DLT protocol, it should be noted that large corporations are required. In order to maintain the recordkeeping autonomy of the general public, this defeats the purpose of DLT development. This research gap is representative of future research priorities.



Recent research about the opportunities and challenges of artificial intelligence and machine learning [65] concluded that a personalised learning environment is especially accessible to college students these days. Both problems, which involve computers, can be handled by AI. Individualised learning experiences powered by AI, which data have enhanced, will be available to students. Two professors can discover new methods in which students learn while also offering suggestions to assist students in personalising their teaching methods to fit their learning requirements. With new approaches, colleges, universities, other educational institutions, and EdTech companies will benefit greatly from these technologies [65].



Regarding the challenges that some HEIs would need to overcome to adopt a blockchain model, we can see a resemblance to implementing artificial intelligence and machine learning. The challenges for adopting AI as defined by Mc Kinsey are as follows: the lack of a clear strategy, lack of talent with an appropriate set of skills for AI work, limitations in the functionality of end-to-end AI solutions, lack of responsibility of and commitment to AI by leaders, lack of technological infrastructure to support AI, lack of available (i.e., collected) data, uncertainty or low expectations from return on AI investment, insufficient resources for AI, limited data usefulness, personal judgment cancels AI-based decision making, limited relevance of AI insights, and lack of changes in frontline processes after the adoption of AI [66].




5. Conclusions


Our research shows that the higher the student motivation, raised mainly by new technology and teaching methodologies, the higher the student collaborative work. The interactivity and collaboration between students and or teachers are facilitated by MOOCs platforms, blockchain technology, and VR/AR dedicated applications for education. Gamification proved to be an essential tool in stimulating creativity, critical thinking, interactivity, and engagement. Videoconferences proved a beneficial solution for teaching classes at a distance in times of crisis. Collaborative activities are any activities where learners are working co-operatively in pairs or groups. Blockchain can impact the quality of collaborative work among students. It improves the communication among them, the quality of the records obtained, and how they are kept and distributed. Student collaborative work is associated with a higher degree of student engagement in the educational process. It is bootstrapped by blockchain in HEIs, having a massive audience around the students as a result. These facilities raise the student engagement rate with positive consequences and increase student learning performances. Student engagement bootstrapped the learning performances in HEI. Universities should adopt these technologies and develop new training and teaching methodologies following millennial expectations and the technological revolution (modern mobile technologies, interaction with AI, ubiquitous computing and technology, real-time communication with the students, and continuous interactions between universities and companies). The graduates of this system will be very prepared to embrace the challenges of the market in a sustainable economy.



The trainers for the university will have as their primary objective to provide sustainable education and face the current economic, environmental, and medical challenges. The blockchain marketing system of MOOCs rewards both teachers and students for their activities with discount vouchers that might be transformed into the virtual currency. This system will ensure high engagement in the courses and the resources for a sustainable platform.



We may observe that even the vanguardist HEIs which implemented Blockchain did not cover all the facilities yet. This acts for obvious reasons as a limitation for the moment, given digital literacy, the newness of blockchain technology, and its complex character. One big problem that seems not to be solved in the digital environment is students’ socio-emotional and cognitive development. Future research can bring a certain emotional balance in our societies, a kind of reward, such as those who support blockchain technologies, including education.



Blockchain technologies can be adopted in HEIs to improve teaching methods and create better learning platforms and recordkeeping and improve student motivation, collaborative work, engagement, and learning performance and like.



This research adds to the body of knowledge on blockchain implementation in higher education and evaluates the significance of the technology for student learning outcomes. For example, MOOCs, AR, VR, gamification, and videoconferences can be implemented in HE to reach a much larger audience. Furthermore, it affects how well students learn. As a result, student learning performance is dependent on a combination of factors, including collaborative work, student motivation, involvement in online courses and blockchain tools such as MOOCs, AR, VR, and gamification. As a result of bringing people together and encouraging knowledge sharing, blockchain can help improve learning outcomes. As formulated after the literature review, closing the research gap is how to overcome the challenges of blockchain implementation in HEI.



There are certain limitations to every study, and this one is no different. Due to social desirability, generalizability, the imprecision of measures, and unasked questions, this study has limitations. A focus on concrete platforms and projects for HEIs in low- and middle-income countries and promoting best practices is needed in future research to help HEIs overcome the difficulties they face.



In light of the study’s limitations, we will keep looking into new ways to put blockchain technology to use. In addition, not all facilities were covered by the pioneering HEIs that embraced blockchain technology. This is a shortcoming for the time being, given the low level of digital literacy and the complexity of blockchain technology.



Furthermore, there is no digital solution for the socio-emotional and cognitive development of students. As a result, we continue to seek solutions, primarily in the form of psychological assistance. The psychologist’s answers are still awaited.
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Figure 1. Relating gamification design with the education performance, adaptation after [16]. 
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Figure 2. The main advantages and disadvantages of blockchain platforms: adaptation after [22]. 
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Figure 3. Blockchain in higher education. 
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Figure 4. Composite Reliability Model. 
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Figure 5. Bootstrapping procedure. 
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Table 1. Variables and their respective indicators.
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Variable Name

	
Code of Indicator

	
Indicator Name






	
Student Motivation

	
V1 Collaborative

	
V1 Collaborative work promotes student’s motivation




	
V1MOOCs

	
V1 Massive Online Open Courses (MOOCs) promote student’s motivation




	
V1AR

	
V1 AR promotes student’s motivation




	
V1VR

	
V1 VR promotes student’s motivation




	
V1 Gamification

	
V1 Gamification promotes student’s motivation




	
Student Collaborative Work

	
V2MOOCs

	
V2 MOOCs promote students to work collaboratively




	
V2AR

	
V2 AR promotes students to work collaboratively




	
V2VR

	
V2 VR promotes students to work collaboratively




	
V2 Gamification

	
V2 Gamification promotes students to work collaboratively




	
Student Engagement

	
V3 Collaborative engagement

	
V3 Collaborative work promotes student engagement




	
V3 MOOCs

	
V3 MOOCs promote student engagement




	
V3 Motivation

	
V3 Motivation promotes student engagement




	
V3 AR

	
V3 AR promotes student engagement




	
V3 VR

	
V3 VR promotes student engagement




	
V3 Gamification

	
V3 Gamification promotes student engagement




	
Student Learning Performance

	
V4 Collaborative

	
V4 Collaborative work enhances learning performance




	
V4 Motivation

	
V4 Motivation enhances learning performance




	
V4 Engagement

	
V4 engagement enhances learning performance.




	
V4 MOOCs

	
V4 MOOCs enhance learning performance




	
V4 AR

	
V4 AR enhances learning performance




	
V4 VR

	
V4 VR enhances learning performance




	
V4 Gamification

	
V4 Gamification enhances learning performance




	
V4 Online class

	
V4 Online classes enhance learning performance




	
Blockchain

	
V5 MOOCs

	
V5 Blockchain is used in HE for a massive audience (MOOCs)




	
V5 AR

	
V5 Blockchain is used in HE for a massive audience (AR)




	
V5 VR

	
V5 Blockchain is used in HE for a massive audience (VR)




	
V5 Gamification

	
V5 Blockchain is used in HE for a massive audience (Gamification)




	
V5 Blockchain

	
V5 Blockchain is used in HE for a massive audience (Blockchain)




	
V5 Videoconferences

	
V5 Blockchain is used in HE for a massive audience (Videoconferences)
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Table 2. Validation process of reflexive constructs.
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Reflexive

Construct

	
Composite

Reliability

	
Alpha

Conbrach

	
AVE

	
√AVE




	
Criteria

	
(>0.7)

	
(>0.7)

	
(>0.5)

	
(>0.5)






	
V1

	
0.873

	
0.871

	
0.582

	
0.762




	
V2

	
0.888

	
0.888

	
0.666

	
0.816




	
V3

	
0.891

	
0.890

	
0.581

	
0.762




	
V4

	
0.930

	
0.929

	
0.625

	
0.790




	
V5

	
0.932

	
0.934

	
0.700

	
0.836
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Table 3. Bootstrapping results (source: SmartPLS output).
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	Original Sampling
	Sample Mean
	Std. Dev.
	T Stat
	p Values





	V1_motivation- > V2ColabWork
	0.906
	0.908
	0.053
	17.132
	0.000



	V2ColabWork- > V3_engagement
	0.934
	0.937
	0.048
	19.342
	0.000



	V2ColabWork- > V5_blockchain
	0.657
	0.661
	0.099
	6.628
	0.000



	V3_engagement- > V4_LearnPerform
	0.977
	0.978
	0.023
	42.813
	0.000
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Table 4. Variables and respective indicators.
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Variable Name

	
Code of Indicator

	
Bootstrapping (*)






	
Student

Motivation

	
V1Collaborative

	
6.273 *




	
V1MOOCs

	
11.433 *




	
V1AR

	
12.621 *




	
V1VR

	
21.993 *




	
V1Gamification

	
12.088 *




	
Student

Collaborative

Work

	
V2MOOCs

	
10.676 *




	
V2AR

	
18.412 *




	
V2VR

	
17.404 *




	
V2Gamification

	
20.128 *




	
Student

Engagement

	
V3 Collaborative_engagement

	
6.540 *




	
V3 MOOCs

	
11.204 *




	
V3 Motivation

	
8.030 *




	
V3 AR

	
14.060 *




	
V3 VR

	
20.040 *




	
V3 Gamification

	
21.283 *




	
Student

Learning

Performance

	
V4 Collaborative

	
11.566 *




	
V4 Motivation

	
10.255 *




	
V4 Engagement

	
11.361 *




	
V4 MOOCs

	
10.965 *




	
V4 AR

	
27.650 *




	
V4 VR

	
25.828 *




	
V4 Gamification

	
20.455 *




	
V4 Online class

	
9.560 *




	
Blockchain

	
V5 MOOCs

	
9.889 *




	
V5 AR

	
17.755 *




	
V5 VR

	
13.821 *




	
V5 Gamification

	
16.505 *




	
V5 Blockchain

	
15.796 *




	
V5 Videoconferences

	
4.787 *








* >1.96, Sig of 0.05.
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Table 5. Variables and regression coefficients (source: SmartPLS output).
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	Intercepts
	
	Standardized
	V1_Motivation
	V2_ColabWork
	V3_Engagement
	V4_LernPerform
	V5_Blockchain





	V1_motivation
	Constant
	V1_motivation
	
	0.803
	
	
	



	V2_ColabWork
	0.378
	V2_ColabWork
	
	
	0.837
	
	0.602



	V3_engagement
	1.124
	V3_engagement
	
	
	
	0.895
	



	V4_LernPerform
	0.464
	V4_LernPerform
	
	
	
	
	



	V5_blockchain
	1.445
	V5_blockchain
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