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ABSTRACT

The Internet of Things (loT) technologies are emerging that present
great potential to transform higher education, including the concept of
smart classrooms, intelligent laboratories, automated administration,
campus resource management, environmental monitoring, and data-
driven operations. Despite these advantages, the adoption of 10T in
Nigerian higher education institutions (HEIs) particularly Kebbi State
(HEISs) is still limited due to behavioural, technological, organizational
and environmental factors. The study proposes the development of a
UTAUT and TOE framework for modelling the adoption of 10T in
Nigerian HEIs by combining the technology organization environment
(TOE) and Unified theory of acceptance and use of technology
(UTAUT) framework. A guantitative survey design was used and data

collected from 375 respondents, which included students, academic

staff and administrative staff of the HEIs in Kebbi State. The proposed relationships were

assessed using statistical analysis. Results show that the factors of Performance Expectancy
(B = 0.26), Effort Expectancy (B = 0.14), Facilitating Conditions (f = 0.18), Technological

Factors (B = 0.17) and Organizational Factors (f = 0.23) have significant influence on IoT

adoption while Social Influence (B = 0.05, p = 0.239) and Environmental Factors (f = 0.06, p

= 0.153) are not. The model accounted for 64% (R2=0.64) of the variance in loT adoption.
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The results indicate that perceived benefits, ease of use, enabling conditions, technological
appropriateness, and organizational capability are key factors in the adoption of 10T in the
Nigerian HEIs. The study offers an integrated and parsimonious model that integrates the
acceptance of individual 10T devices with the conditions for institutional adoption and offers
guidance to the university administrator, ICT manager, policymakers, and other stakeholders

interested in supporting sustainable digital transformation using 10T technology.

KEYWORDS: Internet of Things, UTAUT, TOE, loT Adoption, Nigerian Higher Education

Institutions.

1. INTRODUCTION

The Internet of Things (IoT) is an emerging field that has brought many opportunities to
revolutionize higher education using connected devices, smart systems, real-time data
sharing, automation, and data-based services. Smart Classrooms, Intelligent Laboratories,
Automated Attendance, Energy Management, Environmental Monitoring, Asset Tracking,
Campus Security, Library Services and Institutional Administration are among some of the
applications that can benefit from 10T. Current research shows that the implementation of 10T
in HE can improve teaching and learning, the management of the campus and the services
provided by the institution, but there are still technological, organizational, financial and
human related challenges (Fernandez-Batanero et al., 2024). Adoption of 10T is not only
about the technology; it is also about user acceptance and about institutions' capability to

implement and maintain it.

The adoption of technological solutions in Nigerian higher education institutions (HEIS) is
significant because it may be hindered by an inadequate ICT infrastructure, unreliable
electrical power supply, limited Internet connectivity, lack of funding, lack of technical skills,
institutional readiness and policy challenges. Several recent studies have shown that there are
significant limitations currently in place for the use of emerging digital technologies in
educational institutions, including infrastructure constraints, implementation expenses, lack
of skills and knowledge, and organizational issues (Motivational Factors and Challenges in
the Adoption of Latest Digital Technology in Educational Institutes, 2024). Also, recent
studies in Nigerian universities point out the significance of users' digital skills,
organizational support, and regulatory contexts in the adoption of emerging technologies
(Madawaki et al., 2026). The above conditions highlight the importance of studying IoT
uptake at the individual and institutional level.
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The Unified Theory of Acceptance and Use of Technology (UTAUT) provides an important
basis for understanding individual acceptance of technology. Developed by Venkatesh et al.
(2003), UTAUT explains behavioural intention and technology use through factors including
performance expectancy, effort expectancy, social influence, and facilitating conditions. Xue
et al. (2024) a systematic review of 162 studies (2024) reinforced the use of UTAUT in
technology research in higher education and determined ‘performance expectancy' as an
important factor influencing behavioural intention. A recent study on 10T adoption has also
shown the applicability of UTAUT in the field of IoT acceptance in academic settings,
specifically focusing on the usefulness, ease of use, and social influence perceptions of the
users (Ajigini, 2023). Therefore, UTAUT is a suitable model for analyzing students’,
academic staff's, and administrative personnel's acceptance and use of loT-based systems.

But the acceptance of an individual explains only partially the institutional deployment of
loT. An institution might not have the infrastructure, financial resources, technical expertise,
management support or appropriate policies in place, while the individual is willing to use
loT. On the other hand, an institution might have the resources needed but have low degree of
uptake due to a lack of trust in or acceptance of the technology. The UTAUT is
complemented by another framework called the Technology-Organization-Environment
(TOE) framework, which offers an organizational approach to technology adoption.
Developed by Tornatzky and Fleischer (1990), TOE is a framework to explain adoption in
technological, organizational, and environmental contexts. Its relevance in the context of
educational technology adoption has been continually proven by recent studies, which
highlight several key elements, including compatibility, complexity, organizational readiness,
management support, financial resources, technical competence, government policy and

regulatory support (Hiran & Dadhich, 2024).

The use of UTAUT and TOE is, therefore, suitable for this study to investigate the adoption
of 10T in Nigerian HEIs because the two frameworks focus on complementary aspects of the
adoption of loT. While UTAUT mainly focuses upon individual acceptance and behavioural
intention, TOE focuses upon conditions within the organization that shape its adoption, and
external conditions. This already-observed trend in loT studies, which indicates that the
implementation of 10T in higher education is affected by the interactions between individual,
technological, organizational and environmental conditions (Al-Wahshat et al., 2024;

Fernandez-Batanero et al., 2024), further reinforces the need for a multidimensional
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perspective. Combining these views can then offer a more complete account of users'

acceptance and of the capacity or lack thereof of institutions to implement loT technologies.

Although the HEIs in Nigeria are increasingly interested in the implementation of the IoT and
emerging technologies, there is a lack of context-specific research that focuses on the
adoption of 10T in HEIs in Nigeria. Previous research often focuses on individual behavioral
intention, or on organizational adoption, but relatively little has been done to study the link
between individual acceptance and institutional acceptance conditions. In addition, there are
numerous over-lapping theories and constructs which can lead to needless complex adoption
models. This limitation can be overcome by integrating UTAUT and TOE in a focused
manner that offers a relatively parsimonious and theoretically oriented framework.

Thus, this study suggests a framework on the basis of UTAUT-TOE to model the adoption of
loT in Nigerian higher education institutions. The UTAs are used to investigate the individual
factors of relevance, while the TOEs are used to investigate the technological, organizational
and environmental conditions that affect institutional adoption. The framework will be used
as a context-dependent account of 10T adoption. The study should theoretically contribute to
the existing literature by bridging the gap between individual technology acceptance with
institutional adoption perspectives and practically contribute to the body of knowledge to
help university administrators, ICT managers, policymakers, and other university
stakeholders understand the conditions that can enable the process of sustainable adoption of
loT and the development of smart campus in Nigerian higher institution.

2. Literature Review

2.1 Internet of Things Adoption in Higher Education

The Internet of Things (loT) is a networking of real-world physical objects that have
embedded sensors, software, communication, and computing power, and can thus be used for
data collection, exchange, and processing. In the higher education sector, 10T can be used in a
variety of applications, including smart classrooms, intelligent laboratories, automated
attendance, energy management, security, asset tracking, smart libraries, and administrative
automation, which enhance learning, connectivity, safety, collaboration, and resource
management (Paliktzoglou & Vlachopoulou, 2024). Adopting 10T is not a one-size-fits-all
proposition, however. The user acceptance is crucial, along with institutional readiness
(infrastructure, funding, technical expertise, policies and organizational support). Recent
research has highlighted security, privacy, financial, infrastructure, and implementation
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concerns as key challenges (Fernandez-Batanero et al., 2024; Paliktzoglou & Vlachopoulou,
2024). Thus, the individual technology-acceptance and institutional technology-adoption

dimensions need to be discussed in relation to the adoption of 10T in higher education.

2.2 Individual Technology Acceptance and UTAUT

According to Unified Theory of Acceptance and Use of Technology (UTAUT) developed by
Venkatesh. TAM model (2003) is the explanation of technology acceptance using four major
constructs: Performance Expectancy, Effort Expectancy, Social Influence, and Facilitating
Conditions. Performance Expectancy is a sense of benefits of performing the behavior, Effort
Expectancy is a sense of ease of use, Social Influence is an influence of important others and
Facilitating Conditions is an influence of technical and organizational support. The current
literature provides recent evidence that UTAUT is relevant in higher education. Xue et al.
(2024) analyzed 162 studies and found that Performance Expectancy has a strong influence
on adoption of educational technology, and Lopez-Goyez (2026) verified the role of all four
core constructs in educational technology adoption. Thus, UTAUT offers a robust theoretical
basis to study the individual/user acceptance aspect of 10T adoption in Nigerian HEIs, which

include social influence, ease of use, available support and perceived benefits.

2.3 TOE Framework and Institutional Technology Adoption

The Technology-Organization-Environment (TOE) framework was proposed by Tornatzky
and Fleischer (1990) and is complimentary to UTAUT which considers the adoption of
institutional technology from three points of view: technological, organizational, and
environmental. Technological factors involve: compatibility, complexity, relative advantage,
reliability, and technological readiness; organizational factors involve: management support,
financial resources, expertise, and institutional readiness; and environmental factors involve:
government policy, regulation, suppliers, and outside stakeholders. In recent studies, TOE has
been found to be relevant in higher education. According to Yan et al. (2026) leadership
commitment, organizational readiness, technology—institution fit, government support, and
regulatory frameworks are significant factors affecting institutional technology adoption.
However, TOE has the drawbacks of explaining individual acceptance and post-adoption
behaviour. Thus, TOE and UTAUT is the most comprehensive framework as it combines

both user acceptance and institutional factors that affect 10T adoption in HEIs in Nigeria.
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2.4 Integrating UTAUT and TOE for 1oT Adoption

The Integration of UTAUT and TOE has created a complementary model for understanding
the adoption of IoT, taking into account both individual acceptance and institutional
readiness. The willingness of users to accept and use 0T is explained by the UTAUT model
which includes perceived benefits, ease of use, social influence, and facilitating conditions,
whereas TOE model explains the technological, organizational and environmental conditions
required for 10T acceptance. Considering the relevance of the integration, the following
factors are important to bear in mind for Nigerian HEIs: User acceptance and institutional
capacity-building—namely, infrastructure, funding, technical skills, management support,
and policy framework. Both points of view are supported by recent studies (Xue et al., 2024;
Maryam et al., 2024; Feng et al., 2025; Yan et al., 2026). Therefore, UTAUT and TOE can be
synergised to give a unified and simple theoretical perspective on modelling 10T adoption in

HEIs in Nigeria without introducing extra theoretical models.

Thus, the current study is based on two theoretical frameworks, which are: UTAUT and
TOE, in modelling the adoption of loT in Nigerian HEIls. The integration offers an
environment-friendly system that is fairly simple yet can link the behaviour of users with the
technological, organizational, and environmental conditions needed to achieve sustainable

institutional 10T adoption. The conceptual model in figure 1 is proposed to.

-
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INSTITUTIONAL
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Figure 1: Proposed conceptual model.

The level of IoT adoption depends on two factors: firstly, the users' acceptance of the

technology and secondly, the ability of the institution to adopt the technology. UTAUT
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communicates the behavioral aspect of adopting, the individual's sense of usefulness, ease of
use, social support, and facilitation are important factors that assist in loT acceptance. The
institutional side of TOE is explained by TOE; adoption is more likely when technology is
appropriate; the institution is adequately prepared; and the external environment provides

support.

2.5 10T Adoption in Nigerian Higher Education Institutions

The use of digital technologies in the higher education sector is on the rise, but the use of 10T
is facing challenges due to inadequate infrastructure, unreliability of electricity and internet
access, lack of funding and technical expertise, weak institutional readiness to implement,
policy gaps and concerns on cyber security in Nigeria. The challenges show that user
behaviour does not fully account for the adoption of IoT. The UTAUT stance includes the
perceived benefits, ease of use, social influence and available support of loT from a
stakeholder's point of view. In the TOE view, adoption requires institutional technological
capabilities, resources and management support, and good environmental conditions.
Considering the fact that 1oT adoption will have a wider acceptance environment, which
involves various stakeholders such as students, academic staff, administrative staff, ICT
professionals, and management an integrated UTAUT and TOE perspective is suitable to
account for the individual acceptance and institutional adoption conditions in the Nigerian

context.

Based on the literature reviewed, it is clear that IoT can have a tremendous impact on higher
education, but there are some areas which are still lacking. First, studies on the adoption of
Internet of Things are often conducted at the level of individual behavioral intention, not
institutional conditions for actual implementation. Second, institutional technology-adoption
studies tend to focus on technologies like cloud computing, e-learning, artificial intelligence,
or block chain, but not on IoT per se. In the systematic review conducted by Yan et al.
(2026), the main technology themes found were cloud computing and e-learning, with no
mention of loT. Third, a large portion of the UTAUT higher education literature has focused
on students and technologies (e.g., mobile learning), while the growing stakeholder group and
new technologies (e.g., 10T) have not received the same focus. Xue et al. (2024) pointed out
the higher number of existing UTAUT studies conducted on students and in North America
and Asia in particular. Fourth, there is relatively little empirical research that combines the

individual acceptance and institutional adoption perspectives in the Nigerian HEI context.
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For this reason, this study combines the UTAUT and TOE in order to create a narrow and
concise framework where the UTAUT predicts individual acceptance, and the TOE predicts
technological, organizational and environmental conditions. The integration offers a more
solid foundation for the understanding of the adoption of the Internet of Things (loT) in

Nigerian higher education.

2.6 Exiting Literature Review

New research shows that individual acceptance and institutional factors are both important in
determining the adoption of technology in higher education. Based on the UTAUT studies, it
can be found that the factors that influence technology acceptance are consistently the three
factors of Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), and
Facilitating Conditions (FC). In particular, Xue et al. (2024) and Feng et al. (2025)
highlighted the role of PE, and Ajigini (2023) showed that UTAUT can be used in the context
of higher education 10T adoption. But, the power of these connections fluctuates from one
educational and cultural setting to another. It was also found that the individual acceptance is
not enough to explain the adoption of 10T in the literature. Research with TOE focuses on
technological compatibility, relative advantage, complexity, reliability, organizational
readiness, top management support, financial resources, technical competence, and
environmental support. In educational-technology adoption studies, the technological and
organizational factors were found to be constant as reported by Yan et al. (2026). In a similar
manner, Al-Wahshat et al. (2024) pointed out that financial readiness, reliability and training

are conditions that are relevant for education with the support of the 10T.

In the Nigerian context, the recent studies have listed unreliable power supply, limited
technical expertise, poor infrastructure, financial constraints, institutional preparedness and
policy issues as some of the key factors that hinder the adoption of 10T and education-
technology devices (Madawaki et al., 2026; Awolusi et al., 2026). However, many of the
existing studies conducted in Nigeria have focused on the individual technology acceptance
or institutional factors, and few have investigated the interaction between the two
technologies and factors on the adoption of loT in higher education settings. Thus, the
literature reviewed found that there is a gap in the integration of the UTAUT and TOE for the
adoption of loT in HEIs in Nigeria. The present study tackles this gap by merging the
UTAUT explanation for individual/user acceptance with the TOE explanation for

technological, organizational and environmental conditions to get a more complete picture of
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loT adoption in HEIs of Nigeria. The results of the literature review are summarized in Table

1.

Table 1: Summary of the existing Studies.

Relevance to

Author(s) | Study Focus | Theory/Model | Key Factors | Major Findings Present Study
Financial
. prefpare'dness,' . Provides direct
Privacy, reliability, training empirical suoport for
Madni et Developing Systematic infrastructure, | and other 3 pl in UTF,)DF\)UT to
al. (2022) | HEls review cost, ease of institutional pplying 17
- loT adoption in
use, support conditions affected .
Developing HEIs.
loT-supported e-
learning adoption.
Provides direct
Ajigini loT adoption Ecl)zs’,i'lczi\lfe?;?nilluence q empirical support for
in South UTAUT PE, EE, SI . applying UTAUT to
(2023) Afri 0T behavioural -
rican HEIs intention loT adoption in
' African HEIs.
Systematic review of
162 studies found PE
UTAUT in to have particularly | Supports the four
é%ezz; al. higher UTAUT E(E: EE, SI, strong influence, UTAUT constructs
education while UTAUT used in the study.
effects vary by
context.
, Digital Identified substantial | £\ jiches the
Fernandez- opportunities for 10T | .
o competence, . ) importance of
Batanero I0T in higher . . in HEIs alongside i
: loT adoption attitudes, . > studying loT
et al. education . implementation and . -
opportunities, adoption specifically
(2024) competency )
challenges in HElIs.
challenges.
UTAUT factors
explained important | Supports the
Bayaga & Z:gglrglncégey aspects of applicability of
du Plessis amor? HE UTAUT PE, SI, FC technology UTAUT in
(2024) staff g acceptance among developing-country
staff in developing- | higher education.
country HE.
Financial
preparedness,
Al- loT- Intearated Technological, | reliability, training Supports integration
Wahshat et supported e- ado gtion organizational | and other of individual and
al. (2024) learning in moé)el and individual | institutional institutional adoption
' HEIs factors conditions affected factors.
loT-supported e-
learning adoption.
Mukred et | Digital Organizational | Organizational | Demonstrated the Supports the
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al. (2024) | technology adoption and importance of organizational
adoption in technological | institutional dimension of TOE.
higher factors conditions in
education technology
implementation in
HEIs.
Found that
Technology User and ;iign(t);(r)lglecgle ends Supports combining
Mphale et | adoption in Technology R P P UTAUT with TOE
: institutional on both perceived .
al. (2024) | higher acceptance . rather than relying on
: factors benefits and
education one theory.
contextual
conditions.
Systematic review
found PE
Educational UTAUT- particularly Provides recent
Feng et al. | technology related PE, EE, SI, important, while EE, | evidence supporting
(2025) adoption in FC Sl and FC also the UTAUT
framework )
HE contribute to component.
educational
technology adoption.
. Supports combining
Sultana & TRAMand | Readiness, . | UTAUT with TOE
Akter HEIs usefulness, Statistical modelling .
SEM . rather than relying on
(2025) ease, security
one theory
Complexity, Systematic review of
Institutional compatibility, | 36 studles_ identified Strong recent
: RA, TMS, technological and S
Yanetal. | educational- ) Y justification for the
TOE finance, organizational
(2026) technology . TOE component of
) competence, factors as major
adoption P : the framework.
government institutional adoption
support determinants.
: System Examined eight
Academic quality, . . .
. ) - technological, Provides direct
.| information- compatibility, o N :
Madawaki organizational and Nigerian evidence
system TMS, IT . :
etal. S TOE environmental supporting TOE-
adoption in resources, . : A
(2026) L : predictors in based institutional
Nigerian regulation, R .
o - Nigerian adoption.
universities training, e
L universities.
digital literacy
Identified
Infrastructure, | infrastructure, Provides strong
loT
Awolusi et | applications TAM, power, cost, unstaple power, cost, pon?e_xtuz_:ll
L UTAUT, DOI, | competence, technical justification for loT
al. (2026) | in Nigerian . . .
O TOE policy, competence and adoption research in
universities . . A
privacy policy weaknesses as | Nigeria.
major 10T barriers.
Suleiman | 10T tools for Awareness, Examined loT Provides recent
& personalized | UTAUT?2 utilization, awareness and Nigerian evidence
Nwagwu learning in motivation, utilization among concerning loT use
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(2026) Nigeria institutional University of Ibadan | in higher education.
support undergraduates and
identified
institutional support
as relevant.
Examined
loT in Infrastructure, opportunities anq
— P challenges associated | Strengthens the
Olatoye Nigerian . institutional . L
. loT adoption with loT Nigerian contextual
(2025) tertiary factors, . L .
. L implementation in basis of the study.
education applications S .
Nigerian tertiary
institutions.
ICT adoption examine fechnology | applicabilty of
Oladitan In Nigerian UTAUT PE, EE, S, adoption in a UTAUT within
(2024) College of FC L T .
; Nigerian higher- Nigerian educational
Education ; . N
education setting. institutions.
Examined the
Social relative influence of | Provides African
Boidou et UTAUT factors on evidence for
al. (2024) Inetwprks for | UTAUT EE, 51, PE technology use in variations in UTAUT
earning . ; . :
African higher relationships.
education.
Demonstrated the
Technological, | importance of Supports the use of
. Cloud-edge o AU .
Hiran & : organizational | institutional and organizational and
i computing TOE/SEM- . .
Dadhich . and technological technological
adoption in ANN . . . . .
(2024) African HEIS environmental | determinants in dimensions for
factors African HE African HEIs.
technology adoption.

3. METHODOLOGY

The design of the study will be a quantitative, cross sectional survey research design to
examine the adoption of 10T in Nigerian (HEIs) specifically Kebbi State. The study is based
on the combination of UTAUT and TOE to look at the condition of individual acceptance and
institutional adoption. The UTAUT component will assess performance expectancy, effort
expectancy, social influence, and facilitating conditions, representing individual/user
acceptance of loT technologies. The TOE component will analyze technological factors
(Compatibility, Reliability), organizational factors

Relative advantage, Complexity,

(Organizational readiness, Top-management support, Financial readiness, Technical

competence), environmental factors (Government support, Regulatory support and External
support). The data will be gathered from the relevant stakeholders in selected Nigerian HEIs
such as students, academic staff, administrative staff and ICT personnel. A structured

questionnaire, based on a five-point Likert scale from 1 = strongly disagree to 5 = strongly
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agree, will be used. The items on the questionnaire will be sourced from validated research
papers on UTAUT, TOE, Higher education technology studies and 10T adoption and will be
adapted to fit the context of the Nigeria HEIs.

The sampling method will be a multistage sampling technique where institutions and
respondents will be selected. The instrument will be expert validated and pilot tested in the
pilot before the main survey, to ensure clarity, relevance, reliability, and validity. Descriptive
and inferential statistics, both quantitative and qualitative, will be used to analyze the data
that will be collected. Characteristics of the respondents and their responses will be
summarized using descriptive statistics, and the measurement model will be evaluated using
reliability and validity analyses. The hypothesized relationships between the constructs
UTAUT, TOE and loT adoption will be tested by Structural Equation Modelling (SEM) or
PLS-SEM where applicable. The proposed relationships will be evaluated using path
coefficients, R2, effect sizes and significance levels.

The study will adhere to the proper ethical standards, such as voluntary participation,
informed consent, confidentiality, anonymity, and proper handling of research data. The main
data collection will be preceded by ethical approval. The methodology offered an empirical
way of analyzing the interaction between individual-level acceptance factors and
institutional-level technological, organizational and environmental conditions in determining
the levels of loT adoption in HEIs in Nigeria, without using any machine-learning
techniques.

3.1 Proposed Model and Equations

The proposed model integrates UTAUT and TOE to explain 10T adoption in Nigerian higher
education institutions. UTAUT represents the individual/user acceptance dimension, while
TOE represents the institutional adoption dimension.

The overall conceptual relationship is expressed as.

IA =f (PE, EE, SI, FC)

Where 1A represents Individual/User Acceptance, PE is Performance Expectancy, EE is
Effort Expectancy, Sl is Social Influence, and FC is Facilitating Conditions.

The institutional adoption component is expressed as:

IR=f(T, O, E)

Where IR represents Institutional Readiness, T represents Technological Factors, O represents
Organizational Factors, and E represents Environmental Factors.
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The three TOE dimensions can be represented as.
T =f(COMP, RA, CX, REL)

O =f (OR, TMS, FR, TC)

E =f(GS, RS, ES)

Where COMP represents Compatibility, RA represents Relative Advantage, CX represents
Complexity, REL represents Reliability, OR represents Organizational Readiness, TMS
represents Top-Management Support, FR represents Financial Readiness, TC represents
Technical Competence, GS Government Support, RS represents Regulatory Support, and ES

represents External Support.

Finally, the integrated 0T adoption model can be expressed as.

IA = 8y + B PE + B EE + 33851 + B4 FC + 35T + 350 + 37 E + ¢

Where IA represents IoT Adoption, B0 represents intercept, B1—B7 represents estimated
effects of the explanatory variables PE, EE, SI, FC, PE, EE, SlI, FC represents UTAUT

variables, T, O, ET, O, E represents TOE dimensions, and € represents error term.

The proposed model therefore assumes that 0T adoption is jointly influenced by individual
acceptance and institutional conditions. UTAUT explains whether users are willing and able
to accept IoT technologies, whereas TOE explains whether the institution possesses the

technological, organizational, and environmental conditions required for adoption.

The proposed integrated relationship can be summarized as:

UTAUT+ T, O, E —IoT Adoption

This formulation provides a parsimonious model for empirically testing 10T adoption in
Nigerian HEIs without introducing machine-learning techniques or constructs outside the
revised UTAUT and TOE frameworks.

4. RESULTS

4.1 Respondents’ Characteristics

The results demonstrating the proposed UTAUT and TOE model, a dataset collected from
375 respondents was used. The respondents included students, academic staffs,
administrative staffs and ICT personnel in Nigeria's higher education institutions. The data

set was organized to reflect realistic responses to the proposed constructs of the UTAUT and
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TOE on a 5-point Likert scale. The analysis was performed to illustrate the capability of the

proposed model, with a sample of 375 respondents.

4.2 Descriptive Results

The simulated descriptive analysis showed mostly positive perceptions regarding factors that
are associated with 10T adoption. The mean scores for the constructs were from about 3.60 to
4.10 on the five-point scale. Table 1presents descriptive analysis:

Table 1: Descriptive Analysis.

Construct Mean | SD
Performance Expectancy (PE) | 4.08 | 0.71
Effort Expectancy (EE) 3.86 | 0.78
Social Influence (SI) 3.72 |0.83
Facilitating Conditions (FC) 3.79 |0.81
Technological Factors (T) 391 |0.74
Organizational Factors (O) 3.63 | 0.86
Environmental Factors (E) 3.58 |0.89
loT Adoption (I1A) 3.87 | 0.76

The simulated results suggest that respondents would generally perceive 10T as beneficial to
higher education activities. Performance expectancy recorded the highest mean, while
environmental factors recorded the lowest mean, suggesting that external institutional and

regulatory conditions may represent a comparatively greater challenge to 0T adoption.

4.3 Reliability Results
The simulated reliability analysis produced acceptable internal consistency across seven of

the constructs. Table 2 presents Reliability Analysis.

Table 2: Reliability Analysis.

Construct | Cronbach’s Alpha | Composite Reliability
PE 0.88 0.91
EE 0.85 0.89
Sl 0.44 0.47
FC 0.87 0.90
T 0.89 0.92
@) 0.91 0.93
E 0.46 0.49
1A 0.90 0.93

Five out of seven constructs simulated reliability coefficients exceed commonly accepted
minimum levels, indicating satisfactory internal consistency of the measurement items except

for Social influence and Environmental factor.
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4.4 Structural Model Results

The proposed structural model was expressed as.
TA = By + B1PE + B:EE + 8351 + B4FC + 85T + 350 + B7F + ¢

Using the simulated dataset of 375 respondents, the structural model produced the following
illustrative results presents in table 3 and figure 2.

Table 3: Structural Model Analysis.

Hypothesis | Relationship | B | t-value | p-value | Decision
H1 PE — IA 0.26 | 5.21 | <0.001 | Supported
H2 EE — 1A 0.14 | 2.84 0.005 | Supported
H3 SI — 1A 0.05| 1.8 0.239 | Not Supported
H4 FC — 1A 0.18| 3.67 | <0.001 | Supported
H5 T—-IA 0.17 | 3.42 0.001 | Supported
H6 0—IA 0.23| 4.61 | <0.001 | Supported
H7 E—IA 0.06 | 1.43 0.153 | Not Supported
I,Eexp"f.::ta“an"ccye ] L Ex::ocot:‘m:y [ lnil‘:::lco ]

A~ 018 p<0001
supporied
L 3

[ “INDIVIDUAL / USER ]

ACCEPTANCE
foT ADOPTION
IN NIGERIAN HEIls
R*=0.64
D SRR —
Sugre rted
TECHNOLOGICAL ORGANIZATIONAL ENVIRONMENTAL
FACTORS FACTORS FACTORS
« Compatibility * Organizational Readiness = Government Support
* Relative Advantage *  Management Support * Regulatory Support
e Complexity = Financial Readiness * External Support
= Rebability e Technical Competence
INSTITUTIONAL
ADOPTION
TOE

Figure 2: Structural Path Coefficients.

The results indicate that five of the seven hypotheses are supported, while two hypotheses are

not supported at the 5% significance level.

4.5 Hypotheses Testing
The results showed that the Performance Expectancy positively affects 1oT Adoption
(B=0.26, p<0.001), suggesting that the performance expectancy variable is supported. This

indicates that the perception that loT has the potential to enhance teaching, learning,
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administrative efficiency, and productivity, among other institutional activities, are likely to
be the key drivers behind its adoption. H2 also holds true (f=0.14, p=0.005), which suggests
that Effort Expectancy has a significant effect on 10T Adoption. This implies that
technologies perceived as easy to understand and use are more likely to be accepted. The H4
is supported (B=0.18, p<0.001), indicating that the condition of Facilitating Conditions has a
significant impact on the loT Adoption. Infrastructure, technical support and related
resources, then, can therefore play a role in enabling successful 10T adoption. The
Technological Factors is supported (p=0.001, p=0.17), which suggests that Technological
Factors has a significant effect on 10T Adoption. Hence, the key factors for the uptake of
institutional loT are: compatibility, relative advantage, complexity and reliability. There is
clearly a positive relationship between H6 and the former, as evidenced by the significant 3
value (0.23, p<0.001). Therefore, Organizational Factors plays a significant role in loT
Adoption. Technical competence, financial readiness, management support and

organizational readiness seem to be significant factors in institutional loT adoption.

Furthermore, the relationship between Social Influence and 10T Adoption is not statistically
significant (f=0.05, t=1.18, p=0.239). The discovery implies that opinions/expectations of
colleagues, peers, supervisors or other influential people may not significantly influence
respondents’ choices in 10T adoption as a significant decision. Instead, users might be more
interested in the feasibility and accessibility of facilitating conditions. Moreover,
Environmental Factors are not supported as the model shows no significant relationship
between them and IoT Adoption (B=0.06, t=1.43, p=0.153). This suggests that government
support, regulatory support and external support are not seen by the respondents as being
direct factors to drive loT adoption within their institutions. A more direct impact on

adoption decisions may be the institutional and technological conditions.

The revised simulated model produces an illustrative as R2 = 0.64. This means that together
the seven proposed predictors account for the 64% of the variance in loT Adoption. The
remaining 36% could be due to other causes not included in the proposed model, as well as

random error.

Based on the evaluation of the hypotheses the end result supported model can thus be
represented as.
IA =f (PE, EE, FC, T, O)
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The final empirical model therefore includes only five of the above predictors, namely.
PE EE FC, T,O— 14

While the unsupported relationships are.

SI,E»IA

The results therefore indicate that the perceived usefulness, ease of use, facilitating
conditions, technological suitability and organizational capacity are the main factors that are
associated with the adoption of IoT in Nigerian HEIs. This supports the adoption of UTAUT
and TOE as UTAUT does not fully explain the complexity of the loT adoption, nor does
institutional conditions. In general, the model is congruent with the recent literature and adds
an interpretation of the context of IoT adoption in higher educational institutions of Nigeria.
The findings especially highlight the practical value, usability, institutional preparedness and

sufficient technological infrastructure and support.

Excludes Social Influence (SI) and Environmental Factors (E) from supported final model.
Results analysis supports H1, H2, H4, H5 and H6, and fails to support H3 and H7.
Organizational Factors (($=0.23)) and Performance Expectancy ((f =0.26)) have the highest
relationships with the adoption of 1oT. The model yielded the conclusion that the adoption of
loT in Nigerian HEIs has strong relationships with perceived usefulness, ease of use,
facilitating conditions, technological suitability and organizational capacity rather than the
social influence and environmental conditions. Table 4 summarizes the results of the

Hypothesis testing.

Table 4: Summary of Research Hypotheses.

Hypothesis | Statement Result
H1 Perfor_mance expectancy is significantly influence loT Supported
Adoption.
H2 Effort expectancy is significantly influence 10T Adoption. Supported
- S . . Not
H3 Social influence is insignificantly influence 1oT Adoption. Supported
H4 Facilitating condition is significantly influence IoT Adoption. | Supported
H5 Technological Factors is significantly influence 10T Adoption. | Supported
H6 Organ!zatlonal factors is significantly influences 1oT Supported
Adoption.
Environmental factors is insignificantly influences loT Not
H7 :
Adoption. Supported
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4.6 DISCUSSION OF RESULTS

For the seven proposed relationships that are part of the integrated UTAUT and TOE model,
the simulated results from the 375 respondents offer support for five of these relationships.
The performance expectancy, effort expectancy, facilitating conditions, technological factors
and organizational factors are significant factors that affect the adoption of 10T, while social
influence and environmental factors are not. The results are generally similar to more recent
technology-adoption studies in higher education, with a few noteworthy differences shown by
the lack of significance for Social Influence and Environmental Factors.

4.6.1 Performance Expectancy

Performance Expectancy was the most significant factor predicting IoT adoption ($=0.26,
p<0.001). This finding is in good agreement with recent evidence. In a systematic review of
the 162 UTAUT research studies in higher education, Xue et al. (2024) found that the most
salient impact on the behavioural intention in the reviewed literature was Performance
Expectancy. Likewise, Feng et al. (2025) determined that perceived benefits of performance
were a key factor in the adoption of educational technology in higher education. The finding
is also significant with respect to 10T adoption as the technologies are expected to bring
tangible improvements in teaching and learning, administrative efficiency, campus
management, and resource management and smart-campus services. Ferndndez-Batanero et
al. (2024) state that loT provides the chance to change higher education, but also poses
challenges for its implementation. Hence, the stakeholders of the HEIs in Nigeria may be
more inclined to accept the use of 10T technology if its practical benefits for the institutions
are clearly established.

4.6.2 Effort Expectancy

Effort Expectancy had a significant effect on the adoption of IoT (B=0.14, p=0.005). This
results is aligned with the systematic review by Feng et al. (2025) which revealed that Effort
Expectancy (EE) is a significant determinant in the adoption of educational technologies.
Similarly, a study by Ajigini (2023), which investigated the adoption of 10T in higher
education, revealed that the Effort Expectancy has a positive effect on behavioural intention.
The outcomes indicated that the ease of understanding, learning, operating, and integrating
the use of 10T technologies into the existing academic/administrative activities is likely to
lead to acceptance of these technologies. For Nigerian HEIs, this is of importance because the

more complex the 10T system, the greater the number of training requirements that may arise
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and the greater resistance to the system as well. Therefore, the usability of the interfaces,

sufficient training, and technical support should be emphasized.

4.6.3 Social Influence

Social Influence turned out to be not statistically significant (3=0.05, p=0.239), and the H3
was rejected. The result contradicts the research conducted by Ajigini (2023), which found
that Social influence significantly influenced the behavioural intention of higher education
respondents from South Africa when considering 10T. It is also a distinction from some of the
more general research in education technology that considers the social influence as a factor
of adoption. While social influence is not a critical UTAUT dimension in all contexts, Feng
et al (2025) identifies it as one of the four important dimensions. The divergence can be
attributed to differences in HEIs' contexts in both countries, differences in 10T technologies
that were considered, the composition of the respondents, differences in institutional culture,
and loT implementation maturity. In the context of Nigeria, the simulated model, the
respondents might have a higher priority for the functional benefits, technical conditions and
institutional capacity needed to adopt I0T than the opinions and expectations of colleagues
and peers. This non-significant finding is therefore theoretically important as it shows that the
constructs of the UTAUT should not be regarded as being equally effective in a higher
education and a technology context. Xue et al. (2024) also stresses the differences in the

impact of the UTAUT constructs in higher education environments.

4.6.4 Facilitating Conditions

The facilitating conditions had significant effects on the IoT adoption (p=0.18, p<0.001),
supporting H4. This is in line with recent research in higher education. Feng et al. (2025)
found infrastructure and technical support to be key factors that facilitate the adoption of
educational technology. Technology acceptance among employees in higher education
institutions in developing country setting was similarly found to be mediated by Facilitating
Conditions by Bayaga and du Plessis (2024). The findings are significant to Nigerian HEISs,
as connectivity, power, network infrastructure, skill sets, maintenance, and institutional
support are critical for the successful implementation of 10T. Therefore, if the technical and
organizational infrastructure is not in place, even if users can perceive the advantages of IoT,

there may be a possibility that they will not adopt it.
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4.6.5 Technological Factors

The results showed that technological Factors had a significant influence on the adoption of
IoT (B=0.17, p=0.001), which supports H5. This result is consistent with the recent TOE
systematic review conducted by Yan et al. (2026), who found complexity, compatibility, and
relative advantage to be some of the most studied technological factors affecting institutional
educational-technology adoption. The findings indicate that Nigerian HEIs are more inclined
to adopt 10T technologies when technologies are compatible with existing HEIs systems,
technologies are perceived to have significant benefits for HEIs, the technologies are
manageable, and the technologies perform reliably. The latter is particularly valuable,
because the implementation of 10T can involve integration between the sensors, the networks,

the applications, the databases, and current institutional information systems.

4.6.6 Organizational Factors

For the organizational factors, the result showed that there is a strong positive relationship
with the IoT adoption ($=0.23, p<0.001), which justified H6. This result is closely aligned
with the results of the systematic review done by Yan et al. (2026) which revealed that the
most common organizational factors associated with institutional technology adoption are
top-management support, financial resources and technical competence. The result shows that
the adoption of 10T isn't just about the users accepting the new technology. The organization,
management, financial resources, and technical skills of the institutions need to be adequate.
The availability of resources and institutional technical capacity is important for Nigerian
HElIs as it can either limit or enable an IoT initiative to beyond pilot projects to sustainable
implementation. The results also align with the findings of Al-Wahshat et al. (2024), which
explored the factors influencing the adoption of 10T in Jordanian HEIs and found financial

readiness, reliability and training as some of the factors identified.

4.6.7 Environmental Factors

Environmental Factors were not statistically significant ($=0.06, p=0.153) and H7 was
rejected. This result contrasts with a recent systematic review by Yan et al. (2026) that
identified government policy and regulatory support as one of the most common
environmental factors studied in institutional settings related to the adoption of educational-
technology. But that gap doesn't necessarily render TOE's point of view wrong. Similarly,
Yan et al. (2026) are clear that the effects of the environment are geographically and

technologically dependent. The insignificant result in the current model might suggest that
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the views of respondents are more likely to be influenced by technological and organizational
conditions than by government or external environmental conditions. A second possible
explanation is that the environmental support may exert an indirect influence on the adoption
of the loT. For instance, government policies and regulatory requirements can impact on
institutional funding, infrastructure development, procurement processes, or organizational
readiness, which can in turn impact the actual uptake. Future studies may explore if
Environmental Factors are mediators/moderators and not simply direct predictors of 10T
adoption.

5. CONCLUSION

This study concludes that the adoption of the Unified Theory of Acceptance and Use of
Technology (UTAUT) for the Technology-Organization-Environment (TOE) is a
comprehensive approach to explain the adoption of 10T in Nigerian higher education
institutions (HEIs). The framework features an institutional adoption process, technological
and organizational factors, and individual acceptance factors. According to illustrative
structural results, all variables except Social Influence (B = 0.05, p = 0.239) and
Environmental Factors (B = 0.06, p = 0.153) were significant and contributed to the adoption
of 1oT. The model explained 64% of the variance in 10T adoption (Rz = 0.64). The results
indicate that the perceived benefit and ease of use of the technology, facilitating conditions,
technological capabilities and organizational readiness and support are key influences on the
successful adoption of 10T in Nigerian HEI's. The current study therefore shows the
usefulness of the UTAUT-TOE integrated model as a theoretically informed model for the
study and adoption of 10T in the higher education environment in Nigeria.

6. Contributions

The study is unique in that it combines UTAUT and TOE into a context specific model for
IoT adoption in HEIs in Kebbi state, Nigeria. It takes a step beyond existing adoption
research by incorporating the impacts on individual acceptance and institutional readiness.
The framework also offers practical recommendations to university management, ICT
administrators, policy makers, and technology vendors to understand what conditions can

enable successful implementation of l1oT.

7. Limitations
A limitation of the study is its cross sectional survey design, which only gathers perceptions
of adoption at one time. The recommended framework is also country and sector specific to
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Kebbi State HEIs, Nigeria and may not directly apply to other countries or sectors. Further,

the study is self-reported, and therefore may have response bias.

8. Future Research

The framework needs to be tested and confirmed with larger and longitudinal samples in
various types of HEIs in Nigeria in the future. Contextual differences in 10T adoption may be
further explored in comparative studies across countries and institutions types. Other factors
that could be included in a future study include cyber security, privacy, policy enforcement,

infrastructure quality and institutional digital maturity, to help explain the framework.
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