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Introduction: This study was designed to examine the impact of artificial intelligence (AI)
and blockchain technology on the development of educational technology in higher educa-
tion, with an emphasis on comparing the strength of their effects and analyzing potential
synergistic or conflicting mechanisms between these two technologies at Hakim Sabzevari
University.

Methods: This research was applied and descriptive-survey in design, and 208 educational
staff and faculty members of Hakim Sabzevari University participated. Data were collected
using a self-report questionnaire consisting of 56 items based on a Likert scale. Data analysis
was performed using descriptive statistics and partial least squares-based structural equation
modeling in SPSS and LISREL to simultaneously assess direct and moderating relationships
among the variables.

Results: Findings indicated that both Al (standardized effect coefficient = 0.57) and block-
chain technology (standardized effect coefficient = 0.83) had positive and significant effects
on educational technology development, with the effect of blockchain being significantly
stronger than that of AI. Moreover, contrary to critical literature suggesting structural conflict
between data centralization in Al and the inherently decentralized nature of blockchain, em-
pirical data showed no suppressive effect and a potential synergy between these two technol-
ogies in the educational context.

Discussion: For effective digital transformation, higher education systems require a stra-
tegic integration of Al and blockchain. Policymakers should design hybrid architectures in
which Al operates within analytical layers and blockchain functions in validation and data
management layers, rather than following parallel approaches.
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Introduction:

O ver the past decade, higher education systems
have shifted from mere digitalization toward intel-
ligent, data-driven, and personalized learning eco-
systems. Within this transformative context, edu-
cational technology has evolved from a functional
peripheral tool into a critical, foundational infra-
structure for complex instructional decision-mak-
ing and comprehensive data governance. Artificial
intelligence (Al), by leveraging sophisticated ma-
chine learning and deep learning algorithms, pro-
vides the capacity to analyze vast educational big
data and design adaptive, responsive learning path-
ways. This evolution significantly enhances learner
self-regulation, engagement, and overall pedagog-
ical effectiveness. Nevertheless, vital dimensions
such as algorithmic transparency, ethical bias, and
data ownership remain insufficiently examined in
current systematic research.

Concurrently, blockchain technology, character-
ized by a distributed, cryptographically secured led-
ger architecture, enables secure data management
and decentralized verification of academic records.
By ensuring data integrity, blockchain streamlines
complex credentialing processes and facilitates the
seamless, inter-institutional management of life-
long learning records, thereby effectively reducing
the risk of academic fraud. Emerging research sug-
gests that the strategic integration of Al and block-
chain may catalyze a new generation of educational
technologies by combining intelligent, predictive
analytics with systemic trust, transparency, and de-
centralized governance.

Despite this evident potential, empirical evi-
dence regarding the specific synergistic effects of
these technologies, as well as the development of
evidence-based strategic frameworks for techno-
logical policymaking, remains limited. According-
ly, this study examines the distinct impact of Al
and blockchain on the development of educational
technology in higher education, with particular em-
phasis on comparing the magnitude of their effects
and identifying potential synergistic or conflicting
mechanisms at Hakim Sabzevari University.

Methods:

This applied study employed a descriptive—sur-

vey design. The statistical population comprised
450 educational staff and faculty members at Hakim
Sabzevari University. Utilizing Cochran’s formula,
a representative sample of 208 participants was
selected through simple random sampling. Strict
inclusion criteria were implemented, emphasiz-
ing formal employment status, a minimum of six
months of relevant professional experience, and
demonstrated proficiency in digital educational
systems.

Data were collected using a researcher-developed
56-item questionnaire based on a five-point Likert
scale. The instrument consisted of a demographic
section and 52 specific items targeting three core
variables: educational technology development (20
items), blockchain technology (15 items), and Al
(17 items). Face and content validity were rigor-
ously established through expert judgment by four
specialized faculty members. The psychometric
properties and reliability were verified using Cron-
bach’s alpha and Composite Reliability (CR); both
indicators exceeded the 0.80 threshold for all con-
structs, demonstrating robust internal consistency.
Furthermore, convergent validity was confirmed
using the Average Variance Extracted (AVE) metric
to ensure construct integrity.

Ethical protocols, including informed consent,
participant anonymity, and voluntary participation,
were strictly maintained throughout the process.
Questionnaires were administered in person under
researcher supervision to maximize response ac-
curacy and minimize bias. Data analysis involved
both descriptive and inferential statistics. The
Kolmogorov-Smirnov test was employed to ver-
ify the normality of data distribution. Descriptive
analytics were performed using SPSS (version 26),
while hypothesis testing and Structural Equation
Modeling (SEM) were conducted via LISREL to
analyze complex causal relationships and correla-
tions between variables.

Results:

Demographic analysis of the 208 participants
revealed a predominant male majority (84%), with
the largest age cohort being 3645 years (40%) and
47% of respondents holding master’s degrees. The
Kolmogorov-Smirnov test confirmed the normality
of data distribution, while one-sample t-tests in-
dicated that the adoption status of Al, blockchain,
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and educational technology development at Hakim
Sabzevari University was significantly above the
moderate threshold.

Q

The measurement model evaluation demonstrat-
ed high internal consistency, with Cronbach’s alpha
and CR values exceeding 0.80 for all constructs.
Convergent validity was firmly established, as AVE
values surpassed the 0.50 requirement for construct
integrity. Confirmatory Factor Analysis (CFA) led
to the exclusion of specific items with factor load-
ings below 0.50; all remaining indicators exhibited
significant T-Values (>1.96), confirming robust
factor validity across the instrument. Furthermore,
goodness-of-fit indices (including NFI, GFI, and
CFI>0.90; RMSEA<0.08) indicated an excellent
fit between the theoretical model and the empirical
data.

SEM was subsequently employed for hypoth-
esis testing. The final structural model exhibited a
highly satisfactory fit (X*df=2.63; RMSEA=0.07;
CFI-0.96). Results indicated that Al exerts a signifi-
cant positive influence on educational technology
development (B=0.57; t=8.45; P<0.001). Similarly,
blockchain technology demonstrated a highly sig-
nificant positive impact on educational technol-
ogy development (B=0.83; t=11.16; P<0.001),
exhibiting a considerably greater effect size. Con-
sequently, both primary hypotheses were support-
ed, confirming that the strategic integration of Al
and blockchain substantially advances educational
technology frameworks within higher education
environments.

Conclusion:

This study elucidates the pivotal roles of Al and
blockchain in advancing educational technology
development within higher education. SEM con-
firmed that while both technologies significant-
ly enhance educational technology development,
blockchain exerts a more robust influence than Al.
This finding highlights that digital transformation
hinges not only on advanced analytics but also on
decentralized infrastructures of trust and data gov-
ernance. While Al facilitates personalized learning
pathways, blockchain emerges as a primary driver
in the current context, addressing critical systemic
challenges such as credential fraud and transparen-
cy deficits.

A significant contribution of this research is the
empirical identification of synergy between these
technologies. Despite theoretical contentions re-
garding potential conflicts between Al’s central-
ized processing and blockchain ’s decentralized
architecture, our results indicate they are comple-
mentary: Al functions as the analytical engine,
while blockchain provides foundational security
and trust. Practically, policymakers should adopt an
integrated framework, simultaneously developing
intelligent learning systems and blockchain-based
governance to facilitate a seamless and secure tran-
sition toward smart universities.

Despite its contributions, this study’s cross-sec-
tional design limits definitive causal inferences.
Furthermore, the focus on a single institution and
the observed gender imbalance (84% male) may
constrain the generalizability of these findings. Fu-
ture research should employ longitudinal designs
and multi-center sampling with balanced gender
distributions to validate these relationships across
diverse organizational cultures. In conclusion, the
evolution of higher education technology necessi-
tates a holistic integration of Al’s analytical power
and blockchain ’s cryptographic security to foster
resilient, transparent, and learner-centric education-
al ecosystems. This research emphasizes hybrid in-
tegration.
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