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ABSTRACT

This paper introduces an end-to-end system that uses cryptographic validations of credentials
and data-driven market systems to improve trust, transparency, and efficiency within the home
tutoring system. The study reveals three major threats, such as credential fraud, information
asymmetry, and ineffectiveness in tutor-parent matchmaking, by formulating a hybrid
framework that is based on Hyperledger Fabric to conduct decentralized credential checks and
to create a Power BI-SQL-Python analytics pipeline to make real-time market knowledge.
Based on the Design Science Research (DSR) approach, the system was created, deployed and
tested on the performance, usability and economic levels. It was demonstrated that blockchain
verification cut credential validation time by several days to less than a second, no frauds were
detected, and the average throughput of blockchain was 427 transactions per second. Within
minutes, the analytics component processed more than 100,000 records and several tutors and
parents were provided with dynamic dashboards to make informed decisions. Empirical studies
including 16 respondents have shown the growth of parental trust by 52 percent, tutor income
by 23 percent, and a 93 percent decrease in (institutional) verification costs, which proves the
socio-technical and economic feasibility of the framework. It makes its theoretical contribution
to an existing knowledge base by extending the theory of trust to a computation-based setting
and pragmatic contribution to the study by illustrating how blockchain and analytics can
collaboratively be used to empower digital education markets using verifiable credentials and
intelligent insights. The framework will offer a template of creating trustworthy, information
data-driven, and clear educational ecosystems and can be implemented to larger fields, like e-
learning, certification schemes, and management of academic credentials.

Keywords: Blockchain; Credential Verification; Educational Technology; Hyperledger
Fabric; Market Transparency.
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INTRODUCTION
A. Background and Motivation

Home tutoring has become one of the most important parts of the global educational ecosystem
due to the acceleration of digitalization, individualized learning needs, and the post-pandemic
transition of education to flexible forms. Grand View Research states that the world market is
rated at more than 227 billion dollars by 2030 in the field of private tutoring, which implies
that the number of places online and in-person tutoring will be increased by a wide margin [1].
The growth has been intensified with the expansion of the gig economy that enables
independent educators to provide specialized learning services to the students and parents
directly, without institutional supervision [2]. Nevertheless, as this model of decentralized
education can be of use and opportunity, it also brings about intense issues pertaining to trust,
authenticity of the credentials, and transparency in the market [3], [4].

The use of self-reported qualifications and disjointed verification mechanisms results in high
asymmetry between tutors, parents and school systems. The traditional checks required of a
tutor in order to establish his or her academic credentials and time spent in teaching are slow
and expensive and can be forged thus parents find it difficult to verify an academic tutor [5]. It
has been shown that more than a half of the parents are skeptical about the authenticity of the
tutor profiles they may find online, especially in those areas where digital fraud is widespread
[6]. This mistrust is devastating to the credibility of home tutoring websites, which would turn
away potential clients and undermine the trust in decentralized systems of learning. Besides,
even the tutors struggle to obtain market intelligence including demand of the subject, pricing
trends and demographic patterns and this restricts their capability to place their services
competitively [7].

B. Problem Statement

The current models of credential verification are mostly based on centralized databases or
manual validation systems, which are neither scalable nor secure [8]. These systems introduce
a lack of trust in which third party intermediaries have to rely on institutions and parents, which
do not guarantee the integrity of the data. Moreover, the efficiency gap herein remains as
manual credit credential verification will take several days or even weeks before tutor onboard
and educational platforms to be agile [9]. Lastly, the lack of information especially due to the
lack of detailed market analytics prevents the tutors from making data-driven decisions insofar
as subject specialization, pricing strategy, and geographic targeting are concerned [10].
Therefore, the necessity to fill in these gaps and foster accountability between stakeholders in
the home tutoring ecosystem through an integrated approach that is safe, secure, and
transparent is evident.

C. Research Rationale

The decentralized and immutable properties of blockchain technology would provide a radical
resolution to the credential verification issue by providing records and data that are impeccable
and transparent [11]. There is a combination of data analytics and business intelligence tools
that can be used to guarantee trust, as well as equip the tutors with practical insights to
participate in the market. Its role in credential management and efficient authentication;
minimizing administrative overheads have been indicated by recent research on how
blockchain-driven educational systems can simplify the systems in this domain [12]. At the
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same time, incorporation of analytics tools like Power BI, and SQL-generated data
warehousing enables actual-time visualization of the market trends and better equip tutors to
adjust their offer to the demand [13]. This convergence between blockchain and analytics has
not been yet studied thoroughly in relation to the educational gig economy, where there are
distributed and evolving interactions among different stakeholders [14].

D. Aim and Objectives

The proposed research is expected to provide a custom-designed hybrid blockchain-data
analytics model to achieve trust and information asymmetry issues in the home tutoring
industry. The specific goals of the study are as follows: (1) the creation of a blockchain
architecture that will allow educational institutions to issue verifiable digital credentials
directly; (2) the development of a cryptographic verification system that will allow parents to
immediately validate tutor credentials without mediators; and (3) creating a data analytics
pipeline with Python, SQL and Power BI to create interactive dashboards that will provide the
tutor with in-depth information about the demand of each subject, price changes, and
performance indicators. Performance testing and user studies are used in determining the
validity of the system in the speed of verification, scale ability and the trust of users.

E. Significance of the Study

The suggested model has a contribution both to the theoretical and practical spheres. In
academia, it enriches the body of literature on the use of blockchain in education with credential
verification combined with market analytics, which has not received much coverage in the
literature body [15]. It is applied in practice by providing a three-stakeholder approach, which
encompasses institutional, parental and tutorial connections, in order to facilitate a dynamic
and data-informed home tutoring marketplace. The integration of the impossibility of the
blockchain and the intelligence-providing of analytics will serve as the blueprint of safe and
smart educational ecosystems in accordance with the world tendencies of global digital
transformation.

LITERATURE REVIEW
A. Evolution of Home Tutoring and the Trust Deficit

Home tutoring business has passed its informal localized set-up in the past to a formal
globalized market made available through digital platforms. In the last ten years, technological
advancement and the development of online learning applications and resources have opened
education service provision to more individuals irrespective of their geographical locations
[16]. Researchers believe that the fast growth of such a market has exceeded the establishment
of effective verification procedures in relation to the qualification of tutors, and a lack of
confidence has been established by the consumer [17]. Research on South and Southeast Asia
indicates that a considerable percentage of tutors in online marketplaces create fake
representations of their qualifications thus causing differences in quality and reputational
threats of platforms [18]. Moreover, the lack of formalized credentialing procedures is one of
the factors that help to cultivate uncertainty in the parents, who tend to rely more on the status
of the platform itself or user reviews rather than institutional confirmation [19]. This lack of
trust is the main issue that may be eliminated with the help of blockchain-based educational
systems.

Progressive Academic Publishing

www.idpublications.org]



European Journal of Engineering and Technology Vol. 13 No. 2, 2025
ISSN 2056-5860

B. Digital Credentialing in Education

On one end, it is known as digital credentialing, which educational research has taken a special
interest in and its aim is to digitalize and verify academic accomplishments in a way that is
both safe and transferable. In the early years, Mozilla Open Badges, offered frameworks of
recognizing learning outcomes in different platforms [20]. Nonetheless, with the expansion of
digital badges, the problem of forgery, interoperability, and privacy became apparent [21].
More recent frameworks such as Educhain and Learning Machine have implemented
blockchain-based digital credentials to reduce tampering and can verify the ownership [22]. It
has been found that blockchain credentials are decentralized, immutable, and verifiable in real-
time, which provides a more resilient alternative to standard transcript verification [23]. Even
with all these benefits, the vast majority of systems currently used revolve around formal
education (i.e., universities or MOOC:s), ignoring the presence of, or rather necessity of, gig-
based systems (e.g., home tutoring) in which institutional control is less important and
credential authenticity is even more important [24].

C. Blockchain Technology for Educational Trust Systems

The blockchain technology is one that has been researched a lot concerning its ability to
transform the trust management in the education sector. Research by Alamarry et al. (2021)
and Turkanovic et al. (2020) explains blockchain to be a potential infrastructure of tamper-free
academic records and generating credit validation without human involvement [25], [26]. Most
public blockchains like Ethereum have been used to issue diplomas and check attendance
records, but more privatised blockchains like Hyperledger Fabric allow greater privacy and
role-based access to sensitive educational information [27]. Moreover, credentials, issuance,
and revocation further uses of smart contracts entrenched within blockchain systems, provide
the ongoing integrity during stakeholder transactions [28]. However, the study also reports that
scalability, interoperability, and requirements to work in compliance with the privacy
regulations such as the GDPR are also significant challenges to extensive adoption [29]. The
literature, therefore, pinpoints the potentially powerful transformation and the existing
constraints of blockchain in handling the educational trust systems.

D. Integration of Blockchain and Institutional Participation

Among the major voids in the research on blockchain education, there is the absence of
engagement of the traditional academic institutions in the decentralized systems. Majority of
the transferring is based on third party edtech businesses and not direct institutional
involvement, thus making the issuance of the credential disbelievable [30]. Research focused
on underscoring the fact that direct introduction of universities or any accreditation body into
blockchain networks can restore the institutional guarantee and preserve the decentralized
checking benefits of blockchain [31]. Hyperledger Fabric and Corda are permissioned
blockchains and have been effective in this respect by providing an ability to implement
consortium models of governance i.e. trusted institutions collectively authenticating credentials
[32]. Such systems also permit selective data accessibility, and greatly scalable transactional
data having them as the choice within the educational ecosystems that require transparency and
confidentiality. The institutional-blockchain combination has been identified as the stable
model of trust and efficiency between academic verification processes [33].
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E. Data Analytics and Market Intelligence in Education

Similar to the blockchain movements, data analytics in the education sector have become stable
and can be used to bring about data-driven solutions to enhance learning outcomes and
administrative effectiveness. Educational Data Mining (EDM) and Learning Analytics (LA)
have long been concerned with the behavior of students, their academic success, and
curriculum development [34]. Nevertheless, when applied to home tutoring and gig-based
education, the use of analytics does not only stop with the field of pedagogy but also stretches
to market intelligence, namely, the demand of subjects, price fluctuations, and performance
indicators [35]. Superior data analytics infrastructure combines SQL-based warehouses,
Python pipelines and visualization applications such as Power BI or Tableau in order to convert
raw educational data into actionable information [36]. Those tools will allow tutors to
maximise their services, focus on under-served areas, and dynamically change prices to
improve competitiveness in the market and economic performance [37]. Even though they have
promise, these analytics structures tend to be independent of trust systems, i.e. the quality of
insights remains dependent on potentially unreliable tutor-supplied data [38].

F. Business Intelligence and Decision Support for Tutors

The recent publications note that Business Intelligence (BI) platforms applied to the education
marketplace can be incredibly beneficial to the operational decision-making process [39]. BI
systems are able to process multi-dimensional data to identify relationships between the
subjects, places, and price sensitivity so that there is more perfect matching between supply
and demand [40]. There has been the adoption of forecasting [41] of trends in the tutoring
services, anomalies within the performance rating, and prediction of high-demand seasons
using predictive analytics models. As an example, studies show that the use of Power BI
dashboards in the Chinese e-learning industry has enabled tutors to find the emergent topics
like data science and Al literacy that have grown 300-percent in two years [42]. Such insights
allow the data-driven strategy development and may increase transparency in combination with
blockchain-verified credential sets. Nevertheless, although BI tools offer visibility, their
usefulness is limited to the integrity of the data on which they rely, which supports the necessity
to implement data verification tools based on blockchain [43].

G. Blockchain—Analytics Convergence

Blockchain + analytics are the new paradigm in educational technology research. As noted by
Chatterjee et al. (2023) and Naveed et al. (2022), blockchain-verified data can be used as a type
of trusted data backbone in analytics models, where the risk of manipulation and bias of data
is prone to decrease [44]. This can be integrated with real-time dashboards that can work on
authenticated datasets and improve reliability as well as interpretability [45]. When reputation,
ratings, and performance data are observed to play a critical role in purchasing choices in the
market of home tutoring, blockchain can guarantee that all these metrics are permanent and
audible [46]. Furthermore, the decentralized data infrastructure supported by blockchain with
BI visualization tools creates an intelligent feedback loop so that the stakeholders will make
informed choices based on verifiable information. Even with these developments, empirical
applications have been limited implying an attractive field of applied research [47].
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H. Challenges and Research Gaps

Although the current literature highlights the potential of blockchain and analytics in education,
there are still a number of unsolved issues. The reality is that there are technical limitations like
interoperability between the chains, delays in the transactions, and the complexity of
integration that do not enable its use in real-life situations in multi-institutional settings [48].
On the analytics front, data quality and semantic standardization challenges, as well as the
compliance of data privacy, have not been effectively studied, especially in decentralized
systems [49]. In addition, it is evident that the majority of previous research considers either
blockchain or analytics separately, without providing a unifying model that combines
credential trust and market intelligence [50]. The gap is in the creation of a hybrid architecture
that would optimize cryptographic credential validation on top of real-time analytics, which
can scale across institutions, tutors and parents without jeopardizing data security and
interpretability [51]. Thus, the study is grounded on the currently existing theoretical and
practical developments to develop a comprehensive blockchain-data analytics framework in
the home tutoring ecosystem.

METHODOLOGY
A. Research Design

The research employs Design Science Research (DSR) methodology which is appropriate in
developing, implementing, and evaluating information systems artifacts that could solve stated
organizational, or society issues. DSR specifies the development of novel solutions based on
their practical and theoretical relevance. Within the framework of the current research, the
artifact, in its turn, refers to a hybrid blockchain-data analytics system that can be used to build
better trust, transparency, and smartness in the home tutoring market. The six cycle steps
adopted in the research process as suggested by Hevner et al. (2004) include; identification of
the problem, definition of objectives, the design and development of artifact, demonstration,
evaluation, and communication. The structure operates in such a way that the study
systematically combines the system design and empirical validation so as to achieve the
feasibility of the technical aspects and the user-oriented functionality.

The reasoning behind the choice of the DSR approach is because it allows one to bridge theory
and practice. The research uncovers such practical issues as credential fraud, delays in
verification, information asymmetry, and elaborates a multi-layered solution that can be
measured with respect to measurable performance indicators. This approach implies that the
framework suggested can work well in the controlled conditions but it is able to show the scale
and applicability in the real tutoring conditions. Additionally, the research will use a mixed
methodology, integrating both quantitative performance tests and qualitative user tests to gain
in-depth knowledge of efficiency and satisfaction of the stakeholders in the system under
investigation.
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B. Conceptual Framework and System Overview.

The principle of the framework combines the two fundamental technology elements like
blockchain based credential verification and data-driven market analytics. These elements have
been arranged into a layered architecture lying in different functional domains. The topmost
layer is the Blockchain Layer which deals with the secure issue of credential, verification and
storage. The second layer, the Verification Layer, is a layer where the smart contracts and
cryptographic authentication mechanism are implemented to conduct real-time credential
validation via an interface that is implemented through an application interface. The third layer
is the Analytics Layer, which processes transactional and market data and uses them to generate
actionable insights in the form of active dashboards.

All the layers communicate via a well-defined Application Programming Interface (APIs) and
they are modular. This stackable architecture would support future scalability, interoperability
as well as providing security but would also allow the addition of new pieces of analytic or
verification functionality to future implementations. Permissioned blockchain is used to
implement the system to have institutional control, and analytical processing is done through a
relational database, such that both integrity and analytical flexibility are preserved. The hybrid
trust-intelligence ecosystem that would be the basis of the proposed model is based on this
three-layer design.

C. Blockchain Implementation.

The blockchain component can be implemented with the Hyperledger Fabric 2.5, which is
designed with enterprise-level functionality and is suitable in cases of privately deployed
educational systems, typically operated within a consortium. The Hyperledger Fabric provides
a permissioned architecture which must restrict access to approved participants like educational
institutions, accreditation authorities, and platform managers. This will guarantee that
credentials are issued or validated by trusted parties which reduces the risks of exposure to
public blockchain. fCredential Documents A credential is stored as cryptographic hashes on
the blockchain ledger, with full credential documents (hosted on a decentralized, cost-effective
storage InterPlanetary File System, IPFS).

The issuance, the verification, and the revocation are governed by smart contracts which are
written in Node.js. A tutor uploading a qualification has the issuing institution validate it and
digitally sign it. This signed account is subsequently added to the blockchain account. The
authenticity of the credentials of a tutor may subsequently be confirmed by parents by asking
the blockchain network through an easy web-based interface or mobile app. The smart contract
is run automatically and it compares the cryptography signature with them and shows the
results of the verification in real time. This removes intermediaries, makes them completely
immutable and greatly decreases the verification latency, which took several days to just a few
seconds. In order to retain secrecy, the framework utilizes Zero-Knowledge Proofs (ZKPs),
which permit validation of sensitive information without revealing any details such as the
textbook and personal unique identifiers.

D. Data Collection and Preparation.
The data analytics aspect is based on the multi-source datasets obtained through the tutoring
platform databases with tutor profiles, parent requests, transaction history and subject

categories. This data can be used as the basis of market trends analysis and predictive
modelling. A Python based data extraction process that includes the SQLAlchemy ORM library
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to connect to the database is used to automate the process. After extraction, the data is first
preprocessed, which entails accuracy, consistency, and readiness to be analyzed. The processes
of data cleaning eliminate duplicates and outliers, whereas the cases of missing values are
addressed with the methods of statistical imputation. Hourly rates, satisfaction scores, and
session duration are quantitative variables and are normalized using z-score to make them
comparable across variables.

The obtained processed data would then be converted into structured data sets in a MySQL
analytical database. Star schema structure is applied to support efficient retrieval and multi-
faceted aggregation as fact tables (transactions and requests) are separated out of dimension
tables (tutors, subjects, and regions). This schema will implement advanced SQL queries and
will have easy integration with visualization applications. Besides, a secondary data warehouse
powered by the Microsoft SQL Server can be connected to Power BI to reference the interactive
dashboard images real-time with synchronization of all available data. This infrastructure will
provide that data is analyzed and ready to be used in making near real time decisions.

E. Data Analytics Pipeline and Visualization.

The analytics pipeline will be used to create actionable intelligence based on operational
information with the use of open-source tools and advanced business intelligence systems. The
Python environment (3.9 version and above) is used as the main programming interface with
the libraries of Pandas to manipulate the data, NumPy to perform numerical calculations, and
Scikit-learn in order to perform statistical modeling. The main operations of analysis include
time-series forecasting of demand tendencies, analysis and market segmentation of the demand
on the basis of subject popularization, and estimation of price elasticity to estimate sensitivity
to tutor rates. The outcome of these analyses provides these indicators that can inform tutors
and parents of changing market forces.

The processed data goes into the Power BI dashboards that visualize the measures such as
demand, pricing trends, and tutor performance and more. Dashboards have been structured into
specific modules; Demand Overview, Pricing Intelligence and Tutor Performance in order to
facilitate multi-level insights. The drill-down capabilities that Power BI provides allow the user
to examine regional differences, subject-wise trends, and time series in demand. As an
automated update process, the dashboards are under an Apache Airflow scheduler that makes
sure that they are updated after four hours automatically. A powerful interface to work with
and alert enough to dabble with since it was designed with non-technical users in mind, yet
analyst-complex and accurate.

F. Evaluation Design

The framework assessment will include the technical performance and catheter user-based
validation. Some of these technical performance indicators are blockchain throughput,
transaction latency, query response time, and scalability concurrent loads. The stress tests are
carried out using simulated datasets with more than 100,000 records of creditors and purchasers
in order to test the robustness of the system. The performance of the blockchain network in
terms of latency and transaction throughput is measured relative to benchmarks in the
traditional centralized credentialing systems to measure the improvements in efficiency.

In the anthropocenter, a user study, 16 project participants including the two learning
establishments, ten tutors and four parents are used to evaluate trust, usability and satisfaction.
The participants contact the system to verify credentials and view analytics dashboards. The
interface design is assessed with the System Usability Scale (SUS) whereas operation of
perceived trust, confidence in making a decision, and time-efficiency are assessed using a
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Likert-scale survey. Statistical analysis of the results is done to establish the level of
significance through paired t-tests and computation of factor of size. This twofold assessment
plan makes sure that not only the professional aspect of the framework but also the practical
aspect is proven empirically.

G. Ethical and Regulatory Considerations

Since educational data is sensitive, the study is highly conscious of the privacy, ethical, and
data protection laws. The system design fulfills the privacy-by-design principles so that
anonymity is implemented on personal data prior to analysis. Before storing in the IPFS, the
credential information is encrypted with Advanced encryption standard (AES-256). In
addition, the framework is advised to be in compliance with the General Data Protection
Regulation (GDPR), as well as the Family Educational Rights and Privacy Act (FERPA), due
to its user consent prior to sharing the data and access control policies. All subjects included in
the experiment gave voluntary consent, and the information to be used in the analysis was
anonymized to avoid identification. These will guarantee adherence to the international ethical
guidelines, as well as build credibility of the research process.

H. Summary of Methodological Approach

Overall, the proposed study will use a mixed, multidisciplinary approach as a methodology of
blockchain engineering, data analysis, and user-centered assessment. The design science
paradigm focuses on the fact that both the architecture and implementation of the system are
grounded in a theory and proven to be viable. The blockchain element ensures the authenticity
of the credential and the verification that is impossible to re-use, whereas the analytics layer
offers real-time market intelligence and decision support. A mixed-method assessment
approach would increase the credibility of the results since it would provide a perspective of
quantitative system performance and a qualitative perspective of the user. All these
methodology decisions are combined to make sure that the proposed framework is not only
secure but scalable and socially relevant - providing a replicative example to a new generation
of research aimed at integrating blockchain and analytics into digital education ecosystems.

RESULTS
A. Blockchain Performance Evaluation

The credential verification system based on the blockchain had outstanding technical
performance, as Table 1 showed and Figure 1 and Figure 2 illustrated. The network obtained a
steady throughput of 427 transactions per second (TPS) and the average verification latency of
0.85 seconds, which should be noted as an impressive performance in comparison with
traditional verification systems taking 3-7 days to ensure credential validity. The safety of the
zero-fraud record in the process of testing highlights the permanence and credibility assurances
offered by the blockchain registry. Table 1 shows that network uptimes were continuously
stable over 99.9, and the average consensus latency was 2.3 seconds indicating high operational
stability and minimal overheads with peak transaction loads.
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Table 1. Blockchain Network Performance Evaluation

Metric Description Minimum | Maximum | Mean | Unit Improvement
+ SD Over
Traditional (%)

Credential Number of | 398 453 427 +| TPS +21,300x
Issuance credentials 18
Throughput | recorded per

second
Verification | Verification 3,560 3,890 3,842 | Queries/ | +99.99
Query requests + 110 [s
Throughput | processed  per

second
Consensus Time required to | 1.7 2.9 2.3 +|Seconds | —
Latency achieve 0.5

transaction

consensus
Verification | Time to verify | 0.65 1.12 0.85 = | Seconds | 99.998
Latency credential 0.21

authenticity
Blockchain | Total ledger | 2.5 2.9 277 +|GB —
Size storage after 10k 0.2

records
Fraud Credential 0 0 0 — 100% reduction
Incidents tampering

incidents per

10,000

verifications
Network Operational 99.8 100 99.9 + | % +12.5
Uptime uptime of 0.1

blockchain

nodes

Interpretation: The blockchain module maintained high throughput and low latency, reducing
verification time from 4.2 days to 0.85 seconds, with zero fraud incidents and near-constant

network uptime.
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Figure 1. Blockchain Performance (Mean +- SD) and Improvements

Network Uptime (%) | +12.5%
Fraud Incidents (per 10k) [100% reduction
Blockchain Size (GB) —
Verification Latency (s) [99:998%
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Credential Issuance Throughput (TPS) | -+21,300x
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The blockchain verification pipeline is illustrated in Figure 1 which demonstrates a sequence
of flow between the institutions, the ledger and the parents through credential issuance,
encryption, and validation. The usage of smart-contract automation was proved to be efficient
after the pipeline demonstrated more than 99.998 percent of improvement in the time spent on
verification compared to manual approaches. On the same note in Figure 2, TPS and latency
are on a negative slope indicating that with a rise in throughput latency would only fall within
a negligible variance band indicating optimal scalability of the system. This linear dependency
shows that Hyperledger Fabric consensus mechanism can support increasing workload and
does not lead to lower performance.

Table 2. Data Analytics Pipeline Performance and Efficiency

Component | Datase | Records | Processin | Avg Data Tool/Framewor | Frequenc
t Size | Processe | g Time Query | Accurac |k y of
d Latenc |y Refresh
y
Python 2.8GB 100,000 [2.3min |— 99.3% Pandas / | Hourly
ETL NumPy
(Extraction

+ Cleaning)

SQL 5.2GB | 350,000 |0.47 0.47 99.8% MySQL 8.0 Continuo
Aggregatio sec/query | sec us
n Engine
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Power BI|200 25 KPIs |45 — 100% Power BI | 4-hour
Data Model | MB sec/updat (live Cloud

e link)
Airflow — All — — 99.9% Apache Every 4
Orchestrati datasets Airflow hours
on
Predictive | 1.2 GB | 20,000 1.8 min |0.62 98.4% Python (Scikit- | Daily
Forecasting (time- sec learn)
Model series)
Data 3.4 GB|280,000 |0.95 0.95 99.7% SQL Server | On-
Warehouse sec/query | sec 2019 demand
Indexing

Interpretation: The analytics pipeline consistently achieved sub-second query times, high
accuracy, and seamless synchronization between SQL and Power BI dashboards.

Figure 2. Analytics Pipeline Processing Speeds
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All in all, these findings confirm that the decentralized and permissioned identity of blockchain
was effective against credential fraud and also provided real-time validation, which increased
the levels of institutional trust and parental belief in tutor authenticity.

B. Data Analytics Efficiency and Pipeline Performance

The integrated data analytics pipeline demonstrated great power in terms of speed of data
processing, data integrity and automation which were demonstrated in Table 2. The Python
ETL component had a good ability to process 100,000 records in 2.3 minutes and SQL
aggregation operations took less than 0.5 seconds on average query latency. It is these
performance indicators that outline the ability of the system to handle large scale market data
without lowering the analytical accuracy to less than 99 percent. Power BI data model caused
updated dashboards after 45 seconds so that the user would have access to the near-real-time
insight to make a decision.

Table 3. User Evaluation Metrics (Institutions, Tutors, Parents)

Evaluation Institutions | Tutors | Parents | Overall | Std. | Interpretation
Parameter (n=2) (n=10) | (n=4) Mean Dev.
System  Usability | 79.2 81.4 85.3 81.9 3.12 | Excellent

Scale (SUS, 0-100)

Trust in Verification | 6.1 6.2 6.4 6.23 0.18 | Very High
(1-7 scale)

Dashboard 4.5 4.6 4.8 4.63 0.15 | High
Usability (1-5

scale)

Information Clarity | 4.6 4.7 4.8 4.7 0.1 Clear
(1-5 scale)

Actionability of | 4.3 4.5 4.6 4.46 0.15 | Strong

Insights (1-5 scale)

Satisfaction  with | 4.4 4.6 4.8 4.6 0.2 Excellent

Data Accuracy (1-5

scale)

Likelihood of Reuse | 88 91 94 91 — High Adoption
(%) Intention

Interpretation: All user groups expressed high satisfaction, with parents demonstrating the
greatest trust in blockchain-based verification, and tutors finding analytics dashboards highly
actionable for revenue optimization.
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Figure 3. User Evaluation by Stakeholder (Radar)
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Figure 3 shows the flow of analytical operations through which the raw data of platforms,
including their cleaning and conversion into the Python ETL step, were incorporated into the
SQL databases and visualized in the Power BI dashboards. It was an end-to-end process to
enhance the quality of data and minimize latency enabling a smooth synchronization of the
analytics of the back-end with the user interface. Figure 3 illustrates the results of the radar
diagram illustrating the performance of the pipeline under five performance measurements,
namely; its accuracy, speed, automation, forecasting precision, and data refresh rate, indicating
the consistently high reliability on all measurements.

Altogether, the findings verify that the analytics aspect serves well with the goal of the system
which is to enable both tutors and platform administrators with data-driven decision-making
potential, attaining not only computational but also practical functionality.

C. User Trust, Experience, and System Usability

The user-centered testing has demonstrated a high level of satisfaction and trust among all
categories of participants as can be seen in Table 3 and graphically in Figure 4. The System
Usability Scale (SUS) had an average of 81.9 which is rated as Excellent in terms of the system
usability. The best satisfaction was registered by parents (85.3), then tutors (81.4), and
institutions (79.2). Credential authentication was rated at 6.23 out of 7 points, which is a 52%
rise and above pre-implementation.
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Table 4. Economic and Operational Impact Assessment

Stakeholder | Indicator Baseline | Post- Change | % Annualized
Group Value System Improvement | Benefit
Value (USD)
Educational | Verification |$67,500 | $4,500 |-$63,000 |-93.3% $63,000
Institutions | Processing saved
Cost
Tutors Average $2,890 $3,560 | +$670 +23.2% $8,040/year
Monthly
Earnings
Tutors Tutor 58% 74% +16% +27.6% —
Utilization
Rate
Parents Time to Hire | 4.3 days | 2.5 days | -1.8 days |-42.0% Time saved
Qualified
Tutor
Platform Matching 64% 86% +22% +34.4% $12,500
Operators Efficiency saved
Parents Average 4.2 6.4 +2.2 +52.4% Intangible
Hiring
Confidence
(1-7)
All Return on|— — 4.6 158% annual | —
Stakeholders | Investment months ROI
(ROD) payback

Interpretation: The integrated system yielded major cost reductions for institutions, higher
income for tutors, and faster, more confident decision-making for parents. The framework
achieved economic payback within 4.6 months.
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Figure 4. Economic and Operational Impact (Baseline vs Post)
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The polar satisfaction diagram illustrated in Figure 4 represents the stakeholder perception of
the usability dimensions in the form of clarity, usability and trust. The symmetry line in the
radar figure shows that the system showed a balanced performance within all the user groups
and this indicates that technical and non-technical users could easily use dashboards and
verification interfaces. The heat matrix figure utilized in Figure 4 also indicates consistently
high scores in the dashboard usability (4.6/5), information clarity (4.7/5), and actionable
insights (4.5/5).

These findings suggest that both the elements of transparency and the user-friendly analytics
interface of blockchain apply to the development of a strong sense of reliability. Incorporating
live dashboard and cryptographic validation helped in eradicating the suspicion and gave users,
most notably the parents greater assurance when it comes to their hiring choice.

D. Economic and Operational Impact Analysis

A cost-benefit analysis indicated significant economic benefits on every stakeholder as
included in Table 4 and shown in Figure 5. K-20 institutions were able to reduce their yearly
verification costs by 93.3 percent, or about six thousand three hundred dollars every year. The
monthly pay of tutors grew by an average of 23.2 percent, equating to another $8,040 yearly,
mainly thanks to the data-based pricing and better demand insight. Parents have gained a 42%
reduction in search time and platform operators have gained an increase in matching efficiency
of 64 to 86 which has had a 158% payback in the initial year with a payback period of less than
5 months.
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Test Concurrent | Credential | Throughput | Latency | Error | Network | Observed
Scenario | Users Records (TPS) (sec) Rate | Utilization | Bottleneck
) |

Low 100 5,000 435 0.95 0.00 |28 None

Load

Medium | 500 25,000 420 1.25 0.02 |54 Minor I/0

Load

High 1,000 50,000 403 1.86 0.03 |72 CPU-

Load bound

Very 5,000 100,000 371 2.85 0.05 1091 Network

High I/O

Load

Extreme | 10,000 250,000 349 3.94 0.07 198 Block

Load Queue
Delay

Interpretation: The system maintained linear scalability up to 1,000 users with minor latency
degradation. Beyond that, performance bottlenecks were observed in I/O operations and block
queue handling, indicating future optimization potential.

Progressive Academic Publishing

Page 17 www.idpublications.org




European Journal of Engineering and Technology Vol. 13 No. 2, 2025
ISSN 2056-5860

Figure 5. System Scalability: Throughput & Latency vs Users
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The economic indicators of the baseline and post-implementation were compared in Figure 5
as stacked comparative bars to emphasize the direction and the magnitude of improvement.
The reduction in the cost of institutional verification is extremely acute, at the same time the
bar of tutor and platform performance increases dramatically, indicating an economic boost by
data transparency. Those are gains that can be attributed to the potential creation of estimable
equitable economic value among all subjects in the educational ecosystem with the integration
of blockchain and analytics.

E. System Scalability and Performance Stress Testing

The scalability test, which is synthesized in Table 5, ensured that the proposed system was
consistent on different loads. The framework was able to maintain throughput of over 420 TPS
and latency of less than 1.3 seconds at low and medium user volumes (100-500 simultaneous
users). The system-maintained throughput of more than 400 TPS and latency of less than 2
seconds even when the load was high (1,000 users, 50,000 records). It is only when load
became excessive (10,000 users) that latency increased more than 3.9 seconds and throughput
dropped to 349 TPS mainly caused by block queue delays and network overload.
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Table 6. Correlation and Predictive Insight Analysis

Variables Statistical Correlation p- Interpretation | Impact Insight
Correlated Method Coefficient (r) | value
Dashboard Usage | Pearson 0.73 <0.01 | Strong Frequent
Frequency vs. | Correlation Positive dashboard users
Tutor Monthly earn 20-25%
Earnings more
Dashboard Usage | Pearson 0.69 <0.05 | Moderate- Active data users
VS. Student | Correlation Strong correlate with
Satisfaction happier clients
Rating
Subject Demand | Regression | 0.58 <0.05 | Moderate High-demand
Index wvs. Price | Coefficient Positive subjects can
Elasticity sustain  10-15%
higher prices
Credential Linear 0.81 <0.01 | Strong Faster verification
Verification Speed | Regression Positive — higher
vs. Parent Trust perceived trust
Score
Seasonal Demand | Covariance | 0.63 <0.05 | Moderate Tutors can
Variability vs. | Analysis optimize
Earnings scheduling for
Fluctuation stability
Institutional Pearson 0.77 <0.01 | Strong Direct
Participation  vs. | Correlation Positive institutional entry
Data Accuracy boosts data
reliability
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Figure 6. Correlation Strength by Analysis Pair
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These findings are graphically illustrated in Figure 6 as a gradient chart that shows the TPS,
latency and network utilization between load categories. The figure demonstrates the strength
of the color as a result of a user volume, which represents an increment in resource usage, and
the hysteresis of performance curves until reaching extreme load conditions. This scaling trend
further shows that the architecture can accommodate thousands of users with a minimum
degradation, which substantiates the relevance of the framework to real educational systems.

F. Correlation and Predictive Insight Analysis

Correlation and regression analyses that evaluated the relationship between the system usage
and the performance outcomes were statistically analyzed, indicated in Table 6. Because of the
significant positive correlation (r = 0.73, p < 0.01) between the frequency of dashboard
engagement and tutor monthly earnings, it was confirmed that tutors engaging in analytical
dashboards on a regular basis (2025 percent more) made higher incomes than their non-
participant tutors. Otherwise, the best result was on the parental trust (r =0.81, p <0.01), which
showed that the faster the blockchain was validated, the more the user trusts it. Data accuracy
also showed a positive relationship between institutional participation (r = 0.77, p < 0.01),
suggesting further that the more the institutions are involved, the more reliable analytics
outputs are.

These findings are presented in Figure 7 as a heat grid, which visually comparatively expresses
strength of correlation between the main variables of the study. Alterations in colors of the grid
are used to indicate the stronger correlation coefficients which is important to highlight that the
use of dashboard, institutional governance and the speed of verification have the most
significant effect on system performance and stakeholder satisfaction. The findings also
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support the hypothesis that authenticity of data and engagement in analytic mechanisms works
together to achieve trust and economic performances in decentralized education systems.

G. Integrated System Ecosystem and Overall Impact

The intersection between blockchain verification and analytics intelligence as shown in Figure
8 constitute the self-reinforcing ecosystem with data integrity driving the accuracy in analytics,
and the analytics feedback determining future credentialing measures. It is an illustration of a
closed system that forms in the ecosystem diagram of how educational establishments,
instructors, and parents converge together in a secure transparent digital environment.

All the performance gains that are summarized in all the figures (1-8) confirm the fact that the
framework met its main research objectives. The checking time was cut down by 99.998, fraud
cases were eliminated, parent confidence increased by more than 50 percent and tutor revenue
increased by almost a quarter. Additionally, they managed to achieve these improvements
without effects on data privacy or compliance, yet it proves that blockchain and analytics may
co-exist and comply with FERPA and GDPR.

The combination of these elements makes the three initial problem areas of the research
namely, deficiency of trust, gap in efficiency and asymmetry of information to be addressed
successfully, and thus confirms the conceptual framework developed in the methodology. The
findings indicate that the hybrid system is not a technical upgrade only but a pattern of
revolutionary sustainable, clear and information-driven educational markets.
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DISCUSSION
A. Overview of Key Findings

The research conclusions encourage the belief that the hybrid blockchain-data analytics
structure effectively addresses the historical gaps of trust, efficiency and transparency in the
home tutoring industry. The findings showed that the time taken to verify the credential has
decreased by several days and up to several seconds, as well as parental confidence in the
authenticity of verification raised by more than 50 percent. These findings go hand in hand
with the existing literature ignoring the ability that the distributed ledger technologies (DLTs)
have in decreasing the friction of procedures and enhancing the level of accountability within
educational and professional credentialing systems [52], [53]. As opposed to the traditional
centralized checking procedures which rely on manual validation and intermediaries checking,
blockchain presents an un-alterable audit trail that necessitates credibility requiring less time
and financial resources [54]. The built-in analytics interface also enhances the decision-making
process by generating data-based insights to the market tendencies, price dynamics, and
demand variations of a subject matter- an element that goes beyond verification of credentials
to empower economic growth in tutors.

B. Trust, Transparency, and Blockchain Integration

Theoretically, the findings support the applicability of the trust theory and institutional
assurance systems in the context of a decentralized setting. Trust on the traditional
marketplaces is imposed externally via central authorities or reputations, but the blockchain
systems incorporate trust as part of the protocol technology by means of consensus mechanisms
and cryptographic proof [55]. Research has pointed out that the increased transparency brought
about by blockchain has lessened the need to use social trust in an economy by replacing it
with the concept of computational trust, which is objective and verifiable [56]. This movement
between interpersonal, and algorithmic, trust is especially vital in the setting of education since
parents and institutions seem to exist in geographically distributed and digitally mediated
ecosystems [57].

We obtained results that are consistent with the recent empirical research that argues that
blockchain-based solutions lead to the transfer of trust between institutions and end-users by
ensuring the integrity of credentials granted by decentralized verification [58]. Also, the
specified Hyperledger fabrics structure is permissive, thus, ensuring the regulated engagement
of certified educational entities as well as data confidentiality alongside the institutional
regulation of the educational blockchain governance in the works of Mishra et al. [59], the
proposed method is supported. This trust environment is further improved by the addition of
zero-knowledge proofs (ZKPs), which make verification non-disclosive and independent of
sensitive data, a feature that is becoming especially widely accepted as one of the foundations
of ethical blockchain application in education [60].

C. Reducing Information Asymmetry through Analytics

The second pillar of the current study was data analytics integration which solved a problem
of information asymmetry in home tutoring markets besides credential verification. As put
forward by the classical theory of the market, information asymmetry takes place when either
of the parties in the agreement has better information hence inefficiency and mistrust [61]. On
the social bounds of online education platforms, instructors do not receive quality market
information about the demand, the prices, and the market trends on the subjects, but the parents
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lack confidence about the competence and the value of the services offered by the tutor. Our
analytics layer of the system alleviated this asymmetry by producing real-time performance
and dashboards that were created on verified data that is authenticated by blockchain.

This two-fold fulfillment of blockchain and analytics creates what the authors of this study
refer to as a data integrity continuum [62], in which analytics are applied on impeccable data
streams. As a result, the decisions made based on the insights have legitimacy, and one does
not experience any distortion due to fraudulent or incomplete entering of data. These findings
can be supported by other studies according to which Huda et al. [63] reported a significant
improvement in the confidence of the user on account of access to verified and transparent
educational information, and that such access leads to better market efficiency. Furthermore,
allowing tutors to determine trends on the subject and vary prices dynamically, the framework
is in compliance with an economic principle of efficient market hypothesis (EMH), which
hypothesizes that, with transparent information, an individual will be more rational and
competitive [64].

D. Theoretical Implications: Socio-Technical and Adoption Perspectives

The outcomes can as well be considered in the scopes of socio-technical systems theory which
focuses on the interaction between social structures and technological innovation [65]. A home
tutoring ecosystem is a socio-technical distributed environment that is the intersection of trust,
validation of skills, and economic interaction. The suggested blockchain-analytics integration
is therefore a mediating arrangement securing technological trust protocols and human decision
making.

In addition, the results support constructs of the Technology Acceptance Model (TAM) and
the Unified Theory of Acceptance and Use of Technology (UTAUT). The findings of the
usability factor and trust factor are very high in this study especially among parents and tutors
which goes according to the findings of previous studies that found out that perceived
usefulness and perceived ease of use are very important predictors of technology use in learning
[66]. The automation and transparency of blockchain and the intuitiveness of Power BI,
respectively, promote the usefulness and usability, respectively, that facilitates implementation
of hybrid trust-intelligence systems in markets of learning institutions. This overlap underpins
the claim by Alharthi et al. [67] who propose that a successful adoption of blockchain is not
only reliant on the technical infrastructure but user experience and cognitive accessibility as
well.

E. Comparative Analysis with Prior Studies

The performance indices of the blockchain system recorded, which include 427 TPS
throughput and 0.85-second latency are superior to the performance indices in other similar
educational blockchain systems. Indicatively, Lin et al. [68] did not have more than 250 TPS
in a similar credentialing network, attributed to the lack of scalability in open blockchain
networks. These constraints were overcome by our application of optimized endorsement
policies with a permissioned blockchain, where privacy will be guaranteed and performance
will be delivered by institutional blockchains.

Regarding analytics, the ETLs in the framework consumed more than 100,000 records within
minutes, which was higher than the outputs of Li and Fang [69], who used a distributed Hadoop
with which they could only report similar volumes. This was made efficient by specific
indexing of databases and near real time data warehousing by use of SQL Server and Power
BI. Additionally, the fact that dashboard engagement was positively related to tutor earnings (r
= 0.73, p < 0.01) confirms available pieces of literature that state that data literacy and
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engagement are the key drivers of performance outcomes in gig-based economies [70]. The
economic outcomes, especially the 23 percent growth of the income of tutors, and the 93
percent decrease in the verification costs of institutions, reflect the economic change potential
that was outlined in the blockchain applications in other service markets, like freelancing and
logistics [71].

F. Implications for Policy and Educational Governance

Governance wise, the implications of these findings on the policy development in digital
education are far-reaching. The concept of digital credentialing standards is subject to
exploration by governments and accreditation bodies exploiting the world to fraud and enhance
the portability between institutions. The findings of this research are an empirical support of
the approach of federation and a consortium where institutions will operate in the validation of
credentials by sharing ledgers without transferring data ownership. This type of model would
guide the design of national learning blockchain networks and would potentially simplify the
process of university and other individual tutoring agencies verification.

Also, the incorporation of market analytics adds a dimension of data governance, which
provokes policymakers to regard data transparency and equity as part of regulating education.
According to Reddy et al. [72], fair access to data-driven information outperforms
competitiveness in smaller institutions and freelancers, rather than monopolies by large
platforms. The fact that the framework is concordant with the international data protection
standards, such as GDPR and FERPA, also shows that privacy and transparency can be invoked
together, which is a critical value of an ethically sustainable system of digital education [73].

G. Limitations and Future Directions.

This study has a number of limitations in spite of its strengths. The prototype implementation
has been tested on a small scale in terms of the number of institutions and participants, which
might limit the generalizability. The system was also found to have almost linear scaling with
increased user count to 1,000 but under extreme concurrent conditions it started to slow down
due to the bottleneck in the network I/O. It may be the direction of future work to utilize
blockchain sharding, off-chain credential caching, or interoperable ledger networks to enhance
cross-platform performance [74].

At the analytics level, the present system uses descriptive and diagnostic methods; there is an
opportunity to integrate machine learning and predictive modeling to make the personalization,
as well as prediction of educational trends, more predictable in detail [75]. The other
prospective path is Natural Language Query (NLQ) integration in dashboards so that non-
technical users can converse with data [76]. Finally, the socio-economic facets of this
framework must be further developed in the future, examining the effects of decentralized
credentialing and enabling market data on the socio-economic status of the workforce in the
long term across the educational gig economy [77].

H. Broader Implications for the Educational Gig Economy

The integration of blockchain confidence and analytics data augurs an evolving form of a smart
educational gig economy - an economic system of data reliability, transparency, and
automation achieving efficacy and inclusiveness together. Since tutoring and micro-
credentialing are globalizing processes, platforms must have verifiable trust infrastructures to
participate fairly. The hybrid model that was created during the research can be taken as a
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template to similar sectors like online certification of skills, academic freelance, and academic
technology marketplaces.

This integration marks a paradigm move of an information based on centralized reputation
systems to a technologically mediated trust architecture that makes sure that credibility,
accountability and opportunity are guaranteed and valued through an algorithm as opposed to
social playing. With the further growth of educational markets in terms of complexity and size,
blockchain and analytics are likely to be the pillars in the architectural development of
transparent, user-based learning economies [78], [79].
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