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Sustainability is an international, peer-reviewed (https://www.mdpi.com/editorial_process), open-access journal on environmental, cultural,
economic, and social sustainability of human beings, published semimonthly online by MDPI. The Canadian Urban Transit Research & Innovation
Consortium (CUTRIC) (http://cutric-crituc.org/), International Council for Research and Innovation in Building and Construction (CIB)
(https://cibworld.org/) and Urban Land Institute (ULI) (https://uli.org/about/) are affiliated with Sustainability and their members receive discounts on
the article processing charges.

Open Access (https://www.mdpi.com/openaccess) — free for readers, with article processing charges (APC)
(https://www.mdpi.com/journal/sustainability/apc) paid by authors or their institutions.

High Visibility: indexed within Scopus (https://www.scopus.com/sourceid/21100240100), SCIE and SSCI (Web of Science)
(https://mjl.clarivate.com/search-results?issn=2071-1050&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-
link&utm_campaign=search-results-share-this-journal), GEOBASE (https://www.elsevier.com/solutions/engineering-village?
utm_source=eiorg&utm_medium=redirect&utm_campaign=301&utm_content=/%3f), GeoRef
(https://www.americangeosciences.org/information/georef/how-to-access), Inspec (https://www.theiet.org/publishing/inspec/inspec-
content-coverage/), AGRIS (https://agris.fao.org/), RePEc (https://ideas.repec.org/), CAPlus / SciFinder
(https://sso.cas.org/as/authorization.oauth2?response_type=code&client_id=scifinder-n&redirect_uri=https%3A%2F%2Fscifinder-
n.cas.org%2Fpa%2Foidc%2Fcb&state=eyJ6aXAiOiJERUYiLCJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2Iiwia2lkIjoianMiLCJzdWZmaX
and other databases (https://www.mdpi.com/journal/sustainability/indexing).

Journal Rank: JCR - Q2 (Environmental Studies) / CiteScore - Q1 (Geography, Planning and Development)

Rapid Publication: manuscripts are peer-reviewed and a first decision is provided to authors approximately 18.3 days after submission; acceptance
to publication is undertaken in 3.5 days (median values for papers published in this journal in the first half of 2023).

Recognition of Reviewers: reviewers who provide timely, thorough peer-review reports receive vouchers entitling them to a discount on the APC of
their next publication in any MDPI journal, in appreciation of the work done.

Testimonials: See what our editors and authors say about Sustainability (https://www.mdpi.com/testimonials?
type=all&journal_id=15&page_count=20).
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Open Access Article

Frugal or Sustainable? The Interplay of Consumers’ Personality Traits and Self-Regulated Minds in Recycling Behavior (/2071-1050/15/24/16821)

by
Christina Soyoung Song (https://sciprofiles.com/profile/522554?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name

,
Ji Young Lee (https://sciprofiles.com/profile/3308736?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Renissa Mutha (https://sciprofiles.com/profile/author/dlcybnh4cjM1OFVnM2JvZDJNM3RzWitjSStxcFlKSWRtbEs1U2xJT3FXST0=?utm_source

and
Mijin Kim (https://sciprofiles.com/profile/1381900?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Sustainability 2023, 15(24), 16821; https://doi.org/10.3390/su152416821 (registering DOI) - 14 Dec 2023
Abstract Through the lens of self-regulation theory (SRT), this study investigates the following: (1) the ways in which consumers’ personality traits of
conscientiousness, openness, and agreeableness increase their self-regulated mindsets of frugality and green efficacy; (2) whether frugality facilitates
green efficacy; and (3) whether [...] Read more.
(This article belongs to the Topic Exploring the Interplay of Psychology and Work-Related Health and Well-Being (/topics/24PVH0CO3E))

► Show Figures
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Open Access Article

Operational Efficiency and Environmental Impacts of Food Service Establishments in Phuket, Thailand (/2071-1050/15/24/16820)

by
Hong Anh Thi Nguyen (https://sciprofiles.com/profile/3277197?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

,
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Sustainability 2023, 15(24), 16820; https://doi.org/10.3390/su152416820 (https://doi.org/10.3390/su152416820) - 13 Dec 2023
Abstract The expansion of global tourism development has led to an increase in environmental burdens. This study aimed to assess the operational
performance and the environmental impacts associated with food service establishments in Phuket, an international tourist island in Thailand. A joint
application of [...] Read more.
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Open Access Article

Evaluation of Freshwater Using Chromatographic Analyses of Dissolved Organic Matter Data from the Hypertrophic River Vääna, Estonia
(/2071-1050/15/24/16819)

by Viia Lepane (https://sciprofiles.com/profile/2762495?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
Sustainability 2023, 15(24), 16819; https://doi.org/10.3390/su152416819 (https://doi.org/10.3390/su152416819) - 13 Dec 2023
Abstract This study aims to investigate if high-resolution dissolved organic matter (DOM) data, obtained from water by chromatographic analyses,
enable us to assess whether seasonal climate change and anthropogenic activities in the catchment area have an impact on the ecosystem’s
sustainability. More specifically, the [...] Read more.
(This article belongs to the Special Issue Advanced Studies of Soil Organic Matter and the Application of Sustainable Soil Management Practices (
/journal/sustainability/special_issues/6A10RR533V ))

Open Access Article

Hazard Identification of Hydrogen-Based Alternative Fuels Onboard Ships (/2071-1050/15/24/16818)

by Erin van Rheenen (https://sciprofiles.com/profile/3178880?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Evelien Scheffers (https://sciprofiles.com/profile/3181141?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Jesper Zwaginga (https://sciprofiles.com/profile/3181142?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) and
Klaas Visser (https://sciprofiles.com/profile/1731880?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Sustainability 2023, 15(24), 16818; https://doi.org/10.3390/su152416818 (https://doi.org/10.3390/su152416818) - 13 Dec 2023
Abstract It is essential to use alternative fuels if we are to reach the emission reduction targets set by the IMO. Hydrogen carriers are classified as zero-
emission, while having a higher energy density (including packing factor) than pure hydrogen. They are often considered as [...] Read more.
(This article belongs to the Special Issue Sustainable Maritime Supply Chain (
/journal/sustainability/special_issues/Sustainable_Maritime_Supply_Chain ))

► Show Figures
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Open Access Article

Ag-Containing Carbon Nanocomposites: Physico-Chemical Properties and Antimicrobial Activity (/2071-1050/15/24/16817)

by Mariia Galaburda (https://sciprofiles.com/profile/593870?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Malgorzata Zienkiewicz-Strzalka (https://sciprofiles.com/profile/1297596?utm_source=mdpi.com&utm_medium=website&utm_campaign=ava

,
Magdalena Blachnio (https://sciprofiles.com/profile/2705199?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Viktor Bogatyrov (https://sciprofiles.com/profile/author/bWx6VGEzbnh5UW1FcHkvTE5UZ2ZTQkFTV3pUOGphZnNmQXEvVG5WSjU3OD0=?utm

,
Jolanta Kutkowska (https://sciprofiles.com/profile/author/WnJJRTJ5d2NncHpvcUZGM1NUK3REV1Z3dkQvd01IamdFc3N0VFJ4cGJSaz0=?utm

,
Adam Choma (https://sciprofiles.com/profile/author/d1oxSVRoMWYvM3kxb3hxSjZ2MnBZempMSXJYVXpoazlodFkyZmlKUHFhND0=?utm_sou

and
Anna Derylo-Marczewska (https://sciprofiles.com/profile/2375787?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_nam

Sustainability 2023, 15(24), 16817; https://doi.org/10.3390/su152416817 (https://doi.org/10.3390/su152416817) - 13 Dec 2023
Abstract The subject of the present work is the synthesis and analysis of the structural and morphological properties of Ag-containing carbon
composites and the investigation of their practical application in water purification and disinfection. A series of composites were synthesized by
carbonization of resorcinol–formaldehyde [...] Read more.
(This article belongs to the Section Sustainable Chemical Engineering and Technology (/journal/sustainability/sections/sustainablechemistry))

► Show Figures
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Sustainability 2023, 15(24), 16816; https://doi.org/10.3390/su152416816 (https://doi.org/10.3390/su152416816) - 13 Dec 2023
Abstract Prediction of water quality parameters is a significant aspect of contemporary green development and ecological restoration. However, the
conventional water quality prediction models have limited accuracy and poor generalization capability. This study aims to develop a dependable
prediction model for ammonia nitrogen concentration [...] Read more.
(This article belongs to the Special Issue Application of Modeling and Assessment in Sustainable Water Quality Management (
/journal/sustainability/special_issues/84X7XX05HM ))
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Abstract Climate change poses critical challenges for Qatar’s energy-intensive residential building sector. This study evaluates the impact of projected
climate warming on optimizing rooftop solar photovoltaics (PV) for villas. An integrated modelling approach is employed, combining building energy
simulation, PV system optimization, and performance [...] Read more.
(This article belongs to the Special Issue Advanced Technology in Net Zero Energy Buildings: Solar and Renewable Energy Applications (
/journal/sustainability/special_issues/81U0BL7FWV ))
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Sustainability 2023, 15(24), 16814; https://doi.org/10.3390/su152416814 (https://doi.org/10.3390/su152416814) - 13 Dec 2023
Abstract Pinus pinaster, commonly called the maritime pine, is a vital species in Mediterranean forests. Its ability to thrive in the local climate and rapid
growth make it an essential resource for wood production and reforestation efforts. Accurately estimating the volume of wood [...] Read more.
(This article belongs to the Section Sustainable Management (/journal/sustainability/sections/management_sustainability))
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Abstract Disposing of plastic waste through burial or burning leads to air pollution issues while also contributing to gas emissions and plastic waste
spreading underground into seas via springs. Henceforth, this research aims at reducing plastic waste volume while simultaneously generating clean
energy. Hydrogen [...] Read more.
(This article belongs to the Special Issue Sustainable Development of Materials Recycling and Green Technology (
/journal/sustainability/special_issues/F1243231Z8 ))
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Abstract Technology is acting as a catalyst for the transformation towards sustainability in education and as a means of reshaping the educational
experience. This transformation is part of an overall transformation in our society, and education should be dedicated to creating satisfied students able
[...] Read more.
(This article belongs to the Special Issue The Role of Digital Technologies in Sustainable Education (
/journal/sustainability/special_issues/XT8E569824 ))
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Section Editor-in-Chief
Dedman School of Hospitality & Tourism Management, Florida State University, Tallahassee, FL 32306-2541, USA (Retired)
Interests: market segmentation; supply chain management; generational analysis; wine research; tourism destination strategy; resort mangement;
organizational behavior
* Section: Tourism, Culture, and Heritage
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Paolo S. Calabrò (https://sciprofiles.com/profile/527004?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
*

Website (https://www.unirc.it/scheda_persona.php?id=769)
Section Editor-in-Chief
Department of Civil, Energy, Environmental and Materials Engineering, Università Degli Studi Mediterranea di Reggio Calabria, Via Graziella, Loc. Feo di
Vito, 89122 Reggio Calabria, Italy
Interests: civil engineering; environmental engineering; sustainable infrastructures; safety
* Section: Waste and Recycling
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Chen-Tung Arthur Chen (https://sciprofiles.com/profile/326538?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_
*

Website (http://ctchen.ocean.nsysu.edu.tw/)
Section Editor-in-Chief
Department of Oceanography, National Sun Yat-sen University, Kaohsiung 804, Taiwan
Interests: carbon chemistry; land–ocean interactions; submarine groundwater discharge; ocean acidification
* Section: Sustainable Oceans
Special Issues, Collections and Topics in MDPI journals
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*
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Section Editor-in-Chief
Department of Computer, Control and Management Engineering Sapienza University of Rome, Via Ariosto 25, 00185 Rome, Italy
Interests: bioeconomy; biomethane; circular economy; e-waste; economic analysis; photovoltaic; renewable energy; sustainability; waste management
* Section: Development Goals towards Sustainability
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Erfu Dai (https://sciprofiles.com/profile/319364?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (http://sourcedb.igsnrr.cas.cn/yw/zjrck/200906/t20090626_1842203.html)

Section Editor-in-Chief
Institute of Geographic Science and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
Interests: physical geography; climate-change risk; land-use change; ecosystem service; landscape ecology
* Section: Geography and Sustainability
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Maria De Nobili (https://sciprofiles.com/profile/2307171?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
*

Website (https://www.researchgate.net/profile/Maria-Nobili)
Section Editor-in-Chief
Department of Agroenvironmental, Food and Animal Sciences, University of Udine, 33100 Udine, Italy
Interests: soil science; soil biology; soil organic matter; toxic metals
* Section: Soil Conservation and Sustainability

Prof. Dr. Annamaria Di Fabio (https://sciprofiles.com/profile/401832?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_nam
*

Website (https://www.unifi.it/p-doc2-2015-0-A-2b333c2e3527-0.html)
Section Editor-in-Chief
Department of Education, Languages, Intercultures, Literatures and Psychology (Psychology Section), University of Florence, 50135 Florence, Italy
Interests: healthy organizations; positive psychology in organizations; organizational psychology; personality traits and individual differences; emotional
intelligence; prevention; career counseling; vocational psychology; psychology of sustainability and sustainable development
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* Section: Psychology of Sustainability and Sustainable Development
Special Issues, Collections and Topics in MDPI journals

Dr. Ronald C. Estoque (https://sciprofiles.com/profile/1041232?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://researchmap.jp/rons2k?lang=en)

Section Editor-in-Chief
Center for Biodiversity and Climate Change, Forestry and Forest Products Research Institute (FFPRI), Tsukuba 305-8687, Ibaraki, Japan
Interests: sustainability science; land change science; forest transition theory; forest monitoring; sustainable forest management; ecosystem services;
climate change; GIScience and remote sensing
* Section: Sustainable Forestry
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. David González-Gómez (https://sciprofiles.com/profile/489830?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_
*

Website (https://www.unex.es/conoce-la-uex/centros/profesorado/centro/profesores/info/profesor?id_pro=dggomez)
Section Editor-in-Chief
Department of Science and Mathematics Education, Training Teaching School, University of Extremadura, 10003 Cáceres, Spain
Interests: science education; sustainable education; flipped methodology; science teaching methodologies; pre-service teaching education; affective
domain in science and sustainable teaching; active teaching methodologies; STEM education
* Section: Sustainable Education and Approaches
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Iain J. Gordon (https://sciprofiles.com/profile/201744?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
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Section Editor-in-Chief
Faculty of Agriculture & Life Sciences, Lincoln University, Lincoln 7674, New Zealand
Interests: conservation; biodiversity; agriculture; food security; climate change
* Section: Sustainability, Biodiversity and Conservation
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Giuseppe Ioppolo (https://sciprofiles.com/profile/81891?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
*

Website (https://archivio.unime.it/it/persona/giuseppe-ioppolo/biografema)
Section Editor-in-Chief
Department of Economics, University of Messina, Piazza Pugliatti 1, Messina, Italy
Interests: environmental management; industrial ecology; environmental governance; local development
* Section: Economic and Business Aspects of Sustainability
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Lin Lu (https://sciprofiles.com/profile/36334?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://www.polyu.edu.hk/beee/people/academic-staff/professor-lu-lin-vivien/)

Section Editor-in-Chief
Department of Building Environment and Energy Engineering, The Hong Kong Polytechnic University, Hong Kong, China
Interests: renewable energy technologies and applications in buildings; fundamentals of fluid mechanics and heat/mass transfer to enhance building
energy systems; engineered nanomaterial development towards energy smart building envelopes
* Section: Energy Sustainability
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Steve W. Lyon (https://sciprofiles.com/profile/83380?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://senr.osu.edu/our-people/steven-w-lyon)

Section Editor-in-Chief
School of Environment and Natural Resources, Ohio State University, Columbus, OH 43210, USA
Interests: hydrology; water resources; sustainable development
* Section: Sustainable Water Management
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Alan Randall (https://sciprofiles.com/profile/857594?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://aede.osu.edu/our-people/alan-randall)

Section Editor-in-Chief
The Sustainability Institute, The Ohio State University, 3018 Smith Laboratory, 174 W. 18th Avenue, Columbus, OH 43210, USA
Interests: sustainability criteria; weak sustainability; resilience; environmental economics; resource economics; valuation of environmental services; cost
benefit analysis; integrated assessment modeling; environmental markets; conservation; restoration; biodiversity
* Section: Resources and Sustainable Utilization
Special Issues, Collections and Topics in MDPI journals
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Prof. Dr. Manuel Pedro Rodríguez Bolívar (https://sciprofiles.com/profile/133754?utm_source=mdpi.com&utm_medium=website&utm_campaign
*

Website (https://directorio.ugr.es/static/PersonalUGR/*/show/167dea0049f02669f81b6fbb374986ec)
Section Editor-in-Chief
Department of Accounting and Finance, University of Granada, 18071 Granada, Spain
Interests: smart cities; smart governance; emerging technologies
* Section: Sustainable Management
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Jaspreet Singh (https://sciprofiles.com/profile/644950?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://www.massey.ac.nz/massey/expertise/profile.cfm?stref=839830)

Section Editor-in-Chief
School of Food and Advanced Technology, Massey University, Palmerston North, New Zealand
Interests: sustainable food technologies; sustainable food ingredients; alternative proteins; plant-based foods; potato chemistry and technology; cereal
grains
* Section: Sustainable Food
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Tan Yigitcanlar (https://sciprofiles.com/profile/93377?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://www.qut.edu.au/about/our-people/academic-profiles/tan.yigitcanlar)

Section Editor-in-Chief
School of Architecture and Built Environment, Queensland University of Technology, Brisbane, Australia
Interests: smart technologies, communities, cities and urbanism; knowledge-based development of cities and innovation districts; sustainable and
resilient cities; communities and urban ecosystems
* Section: Sustainable Urban and Rural Development
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Lei Zhang (https://sciprofiles.com/profile/278808?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) *
Website (https://me.bit.edu.cn/szdw/jsml/jlgcx/ddjlgcjzzx/sssds4/b183666.htm)

Section Editor-in-Chief
National Laboratory for Electric Vehicles, Beijing Institute of Technology, Beijing 100081, China
Interests: automated and connected vehicles; vehicle dynamics and control; battery management techniques
* Section: Sustainable Transportation
Special Issues, Collections and Topics in MDPI journals

Dr. Teresa A. Oliveira (https://sciprofiles.com/profile/220735?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
Website (https://www2.uab.pt/departamentos/DCT/detaildocente.php?doc=66)

Editorial Board Member
1. Department of Sciences and Technology, UAb—Universidade Aberta, 1269-001 Lisbon, Portugal
2. CEAUL—Center of Statistics and Applications of the University of Lisbon, 1200-847 Lisbon, Portugal
Interests: statistics; statistical modeling; inference; statistical distributions; computacional statistics; experimental design; statistical quality control; e-
learning; risk analysis; data mining; data science

Prof. Dr. José Luís Abrantes (https://sciprofiles.com/profile/412124?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_nam
Website (https://www.cienciavitae.pt/8E14-FE20-06DA)

Editorial Board Member
Coordinator of CISeD, Centre for Research in Digital Services, Polytechnic Institute of Viseu, 3504-510 Viseu, Portugal
Interests: marketing; tourism management; pedagogy
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Đurđica Ačkar (https://sciprofiles.com/profile/447934?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
Website (http://www.ptfos.unios.hr/index.php/nastavno-osoblje/izv-prof-dr-sc-durdica-ackar)

Editorial Board Member
Faculty of Food Technology Osijek, Josip Juraj Strossmayer University of Osijek, 31000 Osijek, Croatia
Interests: sustainable food production; use of food industry; by-products; starch; extrusion; chocolate
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Paulo Afonso (https://sciprofiles.com/profile/1116446?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
Website (https://scholar.google.pt/citations?hl=pt-PT&user=u1fE7loAAAAJ&view_op=list_works&sortby=pubdate)

Editorial Board Member
Department of Production and Systems, Algoritmi Research Center, University of Minho, Guimarães, Portugal
Interests: supply chain cost management and performance measurement; advanced cost management practices; strategic cost management; strategic
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Editorial Board Member
Department of Economic and Legal Studies, Parthenope University of Naples, 80133 Napoli, NA, Italy
Interests: labour Economics; non-labor market discrimination; efficiency analysis; spatial econometrics; applied econometrics; environmental
economics; recycling; sustainability; ecological economics
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Website (https://loop.frontiersin.org/people/137031/network)

Editorial Board Member
College of Life Science, Northwest A & F University, Yangling, China
Interests: salt tolerance; sodium proton exchange protein; salinity; phytochelatins; heavy metal; ascorbate peroxidases; drought stress; antioxidant
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Editorial Board Member
School of Civil Engineering, College of Engineering and Architecture, University College Dublin, D02 PN40 Dublin, Ireland
Interests: sustainable transport; transport exclusion; public transport; active transport
Special Issues, Collections and Topics in MDPI journals

Dr. Nesar Ahmed (https://sciprofiles.com/profile/1650349?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)
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Editorial Board Member
School of Life and Environmental Sciences, Deakin University, Melbourne, VIC 3125, Australia
Interests: aquaculture; climate change; environmental sustainability; food security; blue economy
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Abstract: Adopting Artificial Intelligent Technology in an Educational Organization is often problem-

atic due to many internal and external environmental reasons, and often fails to attain the desired

goals. This study aims to design a framework for adopting AI technology in the education sector.

Most of the research focuses on the acceptance of a particular technology and ignores the study

of what else is needed for a technology acceptance. The framework in this study provides a step-

by-step process of the Technological Transformation of an organization never designed before. We

recommend that before making any technological changes in an organization, generally and in

the educational organization particularly, the processes must be followed for the successful and

meaningful adoption of AI technology.

Keywords: technology acceptance model; technology adoption model; artificial intelligence; education

1. Introduction

New technology is not good nor evil in itself. It’s all about how people choose and
use it. Artificial Intelligent Technology is entering every walk of life [1], and education
is one of them. From admission to the final degree-awarding, the application of AI is
there. It assists the administrative tasks of educational institutions and academic activities
inside the classrooms [2] and plays an important role in education [3]. Many academic
and administrative works of educational organizations (“any organization to educate and
develop the capabilities of individuals through instruction by means of operating or contributing
to the support of a school, academy, college, or university”) [4] are now automated. Almost all
universities are adopting AI technology worldwide if not already adopted or will adopt
it in the future [5]. AI technology, on the one hand, assists and simplifies administrative
tasks and, on the other hand, helps deliver the lecture beyond geographic boundaries [6].
Through AI technology applications, educational institutions faced the challenge of the
recent COVID-19 pandemic and successfully continued the process of education and
learning [7]. AI technology is an advanced form of technology and should not be confused
with the word “technology” in this paper. “Technology is the application of knowledge to
reach practical goals in a specifiable and reproducible way” [8], while “AI technology refers
to systems or machines that mimic human intelligence to perform tasks and can iteratively
improve themselves based on the information they collect” [9].

AI is, nowadays widely used in the educational sector and creates new opportunities
and potential in educational practices [10]. For instance, it automates various tasks of a

Sustainability 2023, 15, 6540. https://doi.org/10.3390/su15086540 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15086540
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5773-7140
https://orcid.org/0000-0002-1827-6545
https://orcid.org/0000-0003-4892-2146
https://orcid.org/0000-0002-8964-6670
https://doi.org/10.3390/su15086540
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15086540?type=check_update&version=1


Sustainability 2023, 15, 6540 2 of 20

teacher, such as grading a test, evaluation of homework, progress report making, resource
organization, and lecture material management [11]. Another significant use of AI technol-
ogy in the education sector is personalized learning. It provides education to individuals
according to their needs, progress, preferences, and personal characteristics. It is more
efficient for individuals having special needs [12]. It makes universal access to education
possible, and regardless of time and specific boundaries, students can avail access to ed-
ucation from anywhere, anytime [13]. Another use of AI in education is in the form of
digital content [14]. Unlike traditional AI made it possible to create digital content in the
form of simulation and visualization, which has significant benefits in training, medical
education, students with special needs [15], etc. AI also makes available comprehensive
knowledge about something at the fingertips of a teacher. It makes them updated on the
current knowledge and prepare them to teach according to the demand of the day [16].
With the help of AI, classroom weaknesses can also be identified. For example, if a student
misses something, it will alert the teacher [17]. AI, in the form of bots, etc., is providing
services round the clock to students who need something. Students just need an internet
connection and access to a particular site or AI application [18]. AI is used in education
in many ways. Task automation, personalized learning, universe access, smart content
creation, identifying classroom weaknesses, teaching the teachers, and 24/7 access, to
name a few, are examples of AI usage in education [19]. In addition, other examples of
AI in education are Personalized Education, AI-based Grading/Assessments, Learning
Analytics, AI assistance in admissions, social robots, smart learning, intelligent tutoring
system, etc. [2,3].

To be very conclusive, AI, while creating new windows in education, also addresses
new challenges the education sector is facing [10]. It would not be wrong to say that these
challenges also invite scientists to develop AI technology for education. In the education
sector, AI focuses on the development of statistical reasoning processes [20], visualization of
data [15], and learning analytics [21] which make the practices of education easy and more
efficient. AI facilitates the learning process through computer-supported collaborative
learning with the help of discourse analysis [22]. With the help of data mining, academic
performance can also be predicted [23].

Despite the fact that AI is irrevocable in the educational sector and the latter must
benefit from its countless applications, the implementation of new technology is expensive
and risky. In addition, mostly, people and organizations are often reluctant to adopt or
accept it. Furthermore, the new technology requirement of each educational organization
is different and is dependent on the vision and mission of the organization, so for each
organization, the technological transformation or adoption is not easy and invites many
challenges and issues and often leads to technological failure. The following are the
questions this paper tries to answer.

1. How should AI Technology be selected by an educational organization?
2. What are factors that make AI technology more acceptable (For Teachers, students,

and organizations)?

The objective of this study is to design a framework for AI technology adoption in
educational organizations. Scientists are rapidly developing and enhancing AI technology
applications, and it isn’t easy to choose and implement a specific type of technology in an
educational organization [24]. There may be two big reasons for that. Initially, it may be
due to the suitability of the technology for an organizational purpose [25] or may be due to
the advancement in a particular technology [26]. These two big reasons are causing and
enhancing other threats such as security, privacy, trust, vulnerability, unacceptability, etc.,
or shortening our discussion and not leading the organization to obtain its strategic goals
effectively and efficiently [27]. In addition, employees also resist changes, and change
management in a manner acceptable to them is essential [28].

Currently, many researchers are focusing on the Technology Acceptance Model for
education [29–32], and very few are focusing on the adoption of AI technology in edu-
cation [33,34]. Both are pretty different; TAM is just a part of technology adoption. A
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general framework was designed for the AI technology adoption, comprising five pro-
cesses, “identify the right use cases, create a collective data platform, adopt the right tools
and technologies, integrate the AI decision within the process, and create a culture of
experimentation” [35]. We are trying to extend the second part, i.e., technology adoption.
We propose a framework for the implementation and adoption of AI technology. It is
the duty of scientists, academicians, policymakers, etc., to work together in order to find
out tremendous opportunities and address the new challenges of AI applications and
revolution. The framework provides guidance for different parties to “why, how, and
when to collaborate” for the adoption or implementation of sustainable and effective AI
technology in any educational organization. Advanced technology may not necessarily
fit for achieving organizational goals and vice versa. Therefore, there is a need to explore
and determine the parameters upon which the adoption of AI technology in the education
sector depends.

The importance and role of AI in the education sector are clear, and its acceptance
is vital, but the role of instructors and organizations is also critical to accepting and im-
plementing AI technology in educational settings. As AI is relatively new for teachers
(as they are less experienced in using AI), for students (they need to learn the use of the
new technology), and for an educational organization (as it is expensive and needs a huge
investment), and instructors are reluctant to accept AI due to “on-the-spot response from
AI applications [36]. It is necessary to design a framework for the successful implementa-
tion/adoption of AI technology in educational organizations.

2. Literature Review

Nowadays, the world is facing many challenges which are affecting almost all types
of industries and organizations across the globe. In order to address these challenges,
technological change is necessary for all of them [18], and the education sector is one of them.
Technology in many firms is changing the educational industry in many ways, including
the mood of teaching, keeping records, admissions, and many other types of academic and
administrative work [3]. Technology developers and educational institutions must develop
and adopt the technology most appropriate for potential changes and improvements in
the sector. Early adopters of AI technology will lead the industry because of the advanced
tools and techniques used in the educational environment [37] but make it crucial for
others to adopt the AI technology to sustain [38]. Sometimes it may be the choice of the
external environment to adopt modern technology, i.e., the COVID-19 pandemic pushed
the educational sector a lot for technology adoption and use [39].

Even though early adopters of the new technology are uncertain that the technology
will be fruitful [40]. Many times AI technology as a solution to one-problem solution creates
other problems [41], and the probability of such risks increases when there is blind trust in
the technology [42]. Moreover, organizational instability increases the difficulties in techno-
logical change inside the organization [43]. To address the issue, we are highlighting the
main aspects of AI technology for adoption and making a conceptual model for the same.

2.1. Theories

2.1.1. Technology Acceptance Model

Technology Acceptance Model (TAM) is a theory used to study how users use and
accept technology. It says that the acceptance of new technology depends upon behavioral
intention (which leads to technology use) and attitudes (general impression of technol-
ogy) [44]. This attitude influences the behavioral intention of the users. Perceived usefulness
and perceived ease of use are the two main behavioral factors that influence the acceptance
of new technology.

1. Perceived Usefulness: “The degree to which a person believes that using a particular
system would enhance their job performance” [45].

2. Perceived Ease of Use: “The degree to which a person believes that using a particular
system would be free from effort” [46].
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If a technology is perceived to be useful for a particular purpose or for what it is
intended to do, the acceptance chance will be high. Similarly, if the use of technology is
easy, the user will accept it more easily as compared to those which are believed to be
complicated. There are also external variables such as trust, security, etc., which also have
a major impact on the acceptance of technology. Gender differences in perception of a
particular technology exist.

This model was continuously modified, and its extended forms are TAM-2 [47],
UTAUT [48], and TAM-3 [49]. TAM focuses on the user, usefulness, ease of use, etc.,
and ignores the social processes of technology development and implementation. In addi-
tion, it also lacks the social consequences of technology and looks only at the ease of use
and usefulness of technology during its adoption of technology [50]. Due to these issues, it
is often criticized.

2.1.2. The Diffusion of Innovations

The Diffusion of Innovations (DOI) was initially proposed in 1962 in Everett Rogers’s
book, Diffusion of Innovations. It explains why, how, and how quickly information,
technology, and ideas spread. He argued that through diffusion, innovation spreads in
a society [51]. According to this theory, the main factors which influence the diffusion
of innovation are: “the innovation itself, adopters, communication channels, time, and a
social system.”

1. The innovation: Innovation itself has a major role in the diffusion process. For example,
if innovation is attractive and severely important for society or an organization, then
the rate of diffusion will be high. In other words, if it fits the “how” and “why” of the
diffusion of innovation, then the “speed” of diffusion will be high [51].

2. Adaptors: There are two main types of technology adopters: early adopters and
laggards. The early adopters are the leaders, and the laggards are the followers.
Financially strong organizations are more likely to adopt new technology because
they can afford the cost. All they need is to either retain their competitive position in
the market or to achieve one. They are more concerned with the goals than with the
costs. Followers will follow them if the results of the technology adoption are good
and reasonable [52]. The technology adoption curve further divides the adopters into
five types of innovators, early adopters, early majority, late majority, and laggards.
However, it should also be noted that innovators are only 2.5%, early adopters are
13.5%, the early majority 34%, the late majority are 34%, and laggards are 16% [53].

3. Communication Channels: The diffusion of innovation is dependent on the spread of
information and awareness about a specific technology, as well as the communication
channels through which that information is spread in a society [54].

4. Time: Time is perhaps the most important factor in technology adoption. The adop-
tion of technology by education sector organizations in recent COVID-19 is the best
example. When an organization needs technology, it has to adopt it [51].

5. Social System: What is the possible impact of innovation on a social system? If people
believe that innovation poses no potential threats to the function and structure of a
social system. Then the diffusion will be speedy [55].

2.1.3. Technology-Organization and Environment

Technology-Organization-Environment (TOE) explains the influence of technology,
organization, and environment on the process of technological implementation and adop-
tion. This theory focuses on the analysis of technology, organizational attributes, and
environmental factors necessary for the intended changes or at least influencing the pro-
cess [56]. For example, if an organization adopts a technology, it must know the technology
trends, its competitive position, etc. It must answer questions like, “Why do I need this
technology? [57]. What is the possible impact of this technology on the organization struc-
ture, and how will it influence it? What factors from the environment compel the firm to
adopt the technology, and what environmental factors must be considered before adoption?
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Although it is widely used, it has some limitations also. For example, it is too generic in the
context of technological, organizational, and environmental contexts [58].

2.1.4. Unified Theory of Acceptance and Use of Technology

This theory was composed after the review and merging of the theories of reasoned
action, motivational model, TAM, theory of planned behavior, diffusion of innovation,
social cognitive theory, model of personal computer uses, and a combined theory of planned
behavior. The objective of UTAT is to describe the intention to use and the consequent
behavior of a user after using an information system [48]. It discusses the acceptance of
technology from a unified point of view. It has four main components:

Performance expectancy: Users of technology will first look into the performance ex-
pectations of any technology they are adopting or using. In other words, if they see that
the performance is high, then the chance of using the technology will be high and vice
versa [59].

Social influence: The user of the technology will also consider the possible social
influence the new technology is bringing to the organization. If they see that the technology
has a positive social influence (from supervisors, team members, etc.) on the organization
and the users, the chance of acceptance is high. Otherwise, they will be reluctant to accept
or adopt the new technology [60].

Effort Expectancy: This refers to how much effort users put in and what they receive in
return. In other words, if users believe that the effort they are putting forth to complete a
specific task or that their performance is high while using technology is reasonable, then
that technology’s acceptance will be high [61]. For example, if their efforts are higher than
the return, then they will be reluctant to accept and use the technology.

Enabling Conditions: They describe the environment or conditions of the organization,
whether they are favorable for technological change or not. Can the organization afford the
cost of technology? Does the user possess the skills and knowledge to use the technology
properly? Do the users trust the technology, its consequences, and its outcomes? These are
the conditions that are necessary for the acceptance of technology [62].

2.2. Ethical Concerns about AI Technology in Education

Technology always comes with ethical issues [63]. Some of the main ethical issues
of AI in the education sector are benefits vs. harm, fairness, justice, transparency, and the
nature of moral motivation and agency [64]. Many of the ethical issues and challenges
of AI are due to sudden development [65], sociocultural changes, issues of predictability,
responsibility, and the handling of huge amounts of data [66].

Slowly and gradually, AI is replacing the jobs and duties of humans, which may
increase in the future [67]. With each passing day, AI replaces human decision-making,
actions, perceptions, and emotions [68]. In addition, AI has a transformative nature, and it’s
difficult to assess and evaluate the ratio of benefits and harms in the future [64]. This further
clarifies that the ethical issues associated with AI will be increasing in the future, and they
must be taken into consideration when developing or implementing AI. For example, the
ethical issues coming from self-driving cars [69] and robotics (and their vast applications in
different fields) need to be addressed [70].

The goals of AI research and development should be based on the principles that
it should be economical, according to the law, and ethical [71]. Factors such as trans-
parency [72], safety [73], privacy [74], human control [75], etc., must be considered while
working on the development or adoption of AI. In the education sector, in particular, ethical
issues related to privacy, safety, transparency, cost, trust, user-friendliness, etc., must be
considered [64]. For example, if an AI technology has some privacy issues, neither the
teachers nor the students will accept it, and neither will the educational organization choose
it to adopt or implement [74]. Similarly, if it is costly, many educational organizations will
not be able to afford it [76]. Again, this will create parity in society, and a significant part of
it will not be able to benefit from it [77]. If the transparency is not good, the users will be
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reluctant to accept it. Trust also has the same effect on acceptance [72]. AI must also benefit
those with special needs. If students or teachers with special needs do not benefit as much
as the average person, it raises ethical concerns [36].

AI is also impacting the mental health of students and teachers. When they use AI
technology, their power to make decisions decreases, and they become more dependent on
technology [72]. This dependency further increases the dependency on AI technology and
decreases the use of mental power [78]. AI is also making people lazy as many tasks are
performed automatically etc., [79]. It is also important to mention here that, as discussed
above, the ethical issue of AI technology in the education sector will also increase in the
future, as presently, it is not fully assessed and evaluated nor developed to its final extant.
Therefore, such as in other sectors, while the educational sector implements or adopts AI
technology, it must assess its possible ethical issues and challenges and the extent to which
it will impact the users and organizational objectives.

2.3. Towards the Conceptual Framework for Adoption of Technology Model

2.3.1. Identification of Organizational Needs for Adoption of Technology

AI Technology, such as in other sectors, is also offering tremendous applications in
society [80] and education [3]. Educational institutions are adopting AI technology much
faster than before COVID-19 [81]. They are implementing different types of AI technologies
for their organizations but choosing the most appropriate one is always a challenge for the
education sector [82]. The only choice left for selecting the most appropriate technology for
an organization is to adopt it after the easements of needs [83].

It is essential to answer the question, “Why do you need a specific AI technology for
your organization?” [84]. This question can be answered after finding the gap between
a present organizational position and the problem the organization wants to solve [85].
The process of finding the gap between the current and the desired position organization
intends to achieve is known as need assessment [86]. Through this process, organizations
identify the technology’s actual needs for adoption [87]. Researchers have validated the
need assessment process and believe it is the essential step in adopting new technology in
the education sector [88].

The process of the identification of needs is time-consuming. It requires a thorough
analysis of the organizational data available, such as budgets, student achievements,
and all the relevant data which contributes [89]. In addition to the public records or
data, experts can also obtain information through interviews and focus groups. The
information regarding organizational goals and objectives provides additional information
for identifying needs [90].

Technology adoption by any organization has a more significant relationship with
the organization’s external and internal environments [91]. We mean organizational poli-
cies, employees, student risks, etc.; by the external environment, we mean government
regulation, culture, competitors, and threats. It should be known why the organization
needs the technology and how it will impact the organizational rules and policies [92].
What is the possible impact on teachers, students, and other employees working in an
educational setting?

In addition, it should also be explored that it is permissible and approved by the
government to adopt a technology, as in many areas and levels, distant learning is not
acceptable [93]. What is the possible reaction of the culture while adopting a particular
technology, as maybe some cultures are very resistant to new technology and maybe more
for the one, they believe is harmful to their values etc.? Competitors also have a more
significant influence over the choice of technology, especially in the case of followers [94].
Early adaptors will opt for the available technology, but the follower will opt for an
advanced one compared to their competitors [95]. This again creates more options to
choose from and increases the uncertainty in the choice-making process.

No technology comes without risks [96]. The only difference is the degree of risk a
new technology has. Advanced technology is believed to be less risky but costly. Low-level
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technology will be more difficult but cost-efficient. Now the question is, “what type of
technology does an educational organization need to opt for.” The main concerns and costs
are safety, cyber security, health impact, etc. Other primary problems are related to using a
particular technology. It is essential to determine whether the institutional and educational
staff can use the technology according to their need or are capable of doing it, and similarly,
the students [97]. The risk will be high if the educational staff and students are not skilled
and trained. To summarize, educational institutions need to identify the problems and
gaps they want to address and fill before making any choice for technology adoption. In
addition, also look deeply into their internal and external environment and assess each
related factor as discussed.

2.3.2. Strategic Organizational Objective of AI Transformation

To face the rush of competition and to remain in existence, organizations need to
change their strategies, processes, structure, and culture [98]. Every organization has short-
term and long-term AI technology objectives; setting them is the primary step toward a
meaningful accomplishment [99]. Strategic goals define “where we are now and where
we want to be” [100]. In addition, based on that objective, organizations adopt changes
in the context of technology adoption. Technology impacts both the management routine
work and the operational work related to the industry, e.g., production and manufacturing,
and any organization needs to adopt technology according to the need it wants to fulfill
and the goal it wants to achieve [100]. To achieve the desired objective, the organization
changes itself in the context of acquisition and merging, culture, structure, procedure, and
technology [101]. This study focuses on the AI technological transformation or change,
and the goal associated with it is replacing existing technology with a new one for better
products and services [102]. Now the question to answer is, “what are the goals of AI
technology Transformation in educational setting”. Before making any decision regarding
AI technology, first of all the goals must be defined clearly.

For example, for medical education, the AI technology may be different, or maybe the
same AI technology for medical and engineering education may give a different result. The
same is the case for distance and classroom education. Perhaps technology is suitable for
distant but not for the real-time classroom environment. Similarly, if the organizational
focus is to transform the operational work, e.g., administrative tasks may require different
techniques to help tutors deliver lectures. Every priority has its path, and so does it is
technology [103]. Based on the goals, AI technology must be selected. Clear goals and
alignment of AI technology transformation will not only give the educational organization
the possible suitable technology but also minimize the chance of failure, enhance the
technology’s productivity and provide a quality solution at the minimum cost [104].

Various internal and external factors also affect organizational goals and technology
adoption. Competitors, government regulation, environment also impact the choice of
technology [94]. Similarly, internal factors such as financial status, employees’ skills, and
other facilities also influence the decision. These factors even influence the goals and
objectives of the organization. For example, the recent COVID-19 pandemic not only
forced educational firms to adopt new technology for the smooth running of organizational
operations administratively but also for delivering lectures and taking examination. In
some countries, the governments enforced the same, and in many cases, the competitors did.
As technology adoption, such as any other transformation, is not so easy, education firms
must set clear strategic objectives for it without clearly knowing where to go and what to
achieve; otherwise, AI technology transformation will be a challenge in all possible manners
from huge cost sacrifice to failure, from unsuitability to liability and may negatively impact
the current routine work. In the view of Lawrence J. Peter, “If you don’t know where you
are going, you will probably end up somewhere else.”

In short, before the transformation of AI Technology in an organization, organizations
need to look at the strategy and strategic objectives, and there must be alignment between
the new technology and the organization’s approach [105]. This will help the organization
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achieve its strategic goals through the new technology and will effectively fulfill the
purpose. Organizations have to start from the strategic goals and objectives to select a
suitable technology and lead to the adoption or selection of new technology. This will help
them to achieve their goals and minimize any setbacks.

2.3.3. Selection of Appropriate Technology

After recognizing the strategic goals, the next step is to select the most appropri-
ate technology for achieving those goals [83]. Organizations must be ready regarding
readiness, resources, infrastructure, managerial commitment, etc., for the technology trans-
formation [101]. The current era is very different from the past technological revolutions
when technology was not so advanced. Nor was it revolutionized or adopted with such a
high speed. However now, the evolution is exponential, the nature is significantly trou-
blesome [106], and there is a greater need for better coordination and management of
technology adoption or transformation projects. Such projects should be looked after
strategically [107].

Although technology has influenced various disciplines in the past, the speed at which
it impacts them today was never before [108]. In addition, it is essential to ensure that
the desired changes have been made without compromising the organization’s strategic
goals [109]. Even then, lessons can be learned from the experience and the influence of
technological advancements for the management and adoption of technology in the current
era or future [110]. Therefore, selecting the appropriate technology must consider all of
the essential factors. Unfortunately, it is challenging to compile those factors, and no such
research has been undertaken to present a complete masterpiece [111]. There are many
reasons why the issue is alive, e.g.,

1. Every organization, even in the same sector, has different strategic goals and will
select the technology according to them.

2. The suitability of Strategically fit technology varies from sector to sector, and it is
mostly not possible for the technology of one industry to be suitable for another.

3. Even if the technology is advanced, the risk factor is always there.
4. In some cases, the technology is suitable for strategic goals, but the organization is

not ready regarding human skills, management support, etc.
5. Other factors of the internal and external environment may also influence the pro-

cess, e.g., competitors, government, etc.

This shows that before selecting appropriate technology, organizations have to ask a
few questions themselves.

1. Why does the organization need a technological transformation?
2. Do the desired changes align with the organization’s strategic goals?
3. What are the possible risks or barriers in technological transformation or adoption?
4. What are the possible choices available for the required technology?

Like all other sectors, education is also adopting AI technology for its desired objec-
tives [112]. As said earlier, COVID-19 has exponentially increased the speed of technological
transformation of teaching and learning. Almost all higher educational institutes and uni-
versities have brought technological changes and are looking for advanced AI technology.
AI technical implementation or modification is not as easy as it looks and costs a high price
if not appropriately selected. By appropriate, we don’t mean advanced, but the one suitable
for attaining strategic goals. Therefore, the proper procedure for selecting AI technology
should be made before any decision. To make it short, keeping the above questions in mind,
the organization must survey the various AI technology available in the market, analyze
them correctly according to the strategic goals, select the most appropriate one, and then
analyze it in the context of possible challenges and risks. A final decision should be made
regarding the selection of proper AI technology.

The following steps should be taken during the selection of technology, as shown in
Figure 1.
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Figure 1. Technology selection process.

Market survey for the desired technology: It is necessary for the organization to perform
a market survey or search for the technology it needs. A market survey is important for
finding different options as there are many options available to address a particular issue
or achieve a particular goal, yet a market survey is important for finding different options.

Analysis of Available Options: All available types of technologies that the organiza-
tion requires should be analyzed and compared to one another and to the issue that the
organization must address.

Choose the Most Appropriate: After the analysis of the available options, the organization
must select the most appropriate type. The new technology must be in accordance with the
strategic objectives, vision, and mission of the organization. This type is not necessarily the
most advanced or latest one, but it should be the one to fulfill the organization’s needs.

Analysis in the Context of Risks and Challenges: Once the most appropriate technology
has been identified. The organization should analyzes it in the context of the risks and
potential challenges that the new technology will bring or pose. The most important are
the ethical concerns.

Final Selection of Technology: After the above four steps, the final selection of technology
should be made.

2.3.4. Train the Users

After selecting the appropriate technology, the next step is how to use it [113]. One
of the main reasons technology transformation or adoption fails or is negatively affected
is the lack of knowledge and skills in using it [114]. Training increase performance [115].
Various reasons emphasize the importance and output of training on any new technology
such as digital or soft skills [116].

Technology is transforming the mood of operations and how an organization produces
goods and offers services [117], and the education sector is non to be excluded. For
approximately a decade, AI has been transforming the education industry through various
means such as Virtual reality, distant learning, social robots, and chatbox, to name a few [3].
Although technology cannot replace the environment of a natural classroom environment,
it has successfully faced and addressed many challenges of the current era. The use of AI
technology in medical fields, engineering, science, and various types of training proves
that the education sector cannot ignore AI technology. Similarly, the administrative work
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of educational institutes is also assisted and performed by technology successfully, such as
attendance keeping, student records keeping, marking, examination, etc. [3].

Now the question is, “Is it possible to use AI technology without training and un-
derstanding? As said earlier, choosing and using technology makes it successful and
unsuccessful. After selecting the appropriate technology, the next step is appropriately
training the user to use the new technology [114]. In the case of education, all of the staff
members, administrative employees and academic ones, and students must be able to
use AI technology. If any of them fail to do so will hinder the other two from obtaining
the technology use goals. Therefore, the expected use of a specific technology must be
trained before the adoption or technology transformation [118]. Students must be given
enough training on how to obtain lectures, and course materials, upload assignments,
attendance marking, ask questions, take part in the discussion, etc., all that students do in
a natural classroom environment. Similarly, training is enough essential and needful for
the faculty members [119]. They must be trained about how to use the technology for the
strategic purpose such as delivering lectures, uploading materials, keeping records, asking
questions from students, generating rooms for discussion, taking exams, and assignments,
etc., without proper training about the new AI technology, adoption and implementation
will not obtain the objectives [120].

Training not only gives users a sense of trust in the technology but also eliminates
fear from their hearts regarding any negative consequences they may face after adopting
new technology [121]. Administrative staff training is equally important for teachers and
students [122]. As they work in the admission department, examination department,
finance, etc., they are equal stakeholders in the successful implementation of AI technology
as teachers and students in any educational institution. Training also creates confidence in
accepting the technological changes among the employees and will ensure the adoption
process is successful as required by the organization [123].

2.3.5. Monitoring and Controlling the Process

What if technology does not give the outcomes for which it was adopted in many
organizations? Why may the same technology result differently in different organizations?
Or why does technology fail to obtain the desired goals? These are some essential questions
to be addressed before and after the technology adoption. Technology is getting more
advanced and so more complex [69]; its adoption at any firm is getting highly uncertain
and risky [124]. AI Technology adoption comes with expectations and solutions, but the
uncertainty and risks associated with every technology demand monitoring and controlling
the technology adoption process and the outcomes [125]. If a technology does not fulfill
the goals of an organization, then the reason must be found out and addressed. It must
be ensured that the technological change for which it was similarly undertaken results
as expected. If there is any deviation, it must be addressed as soon as possible. We call
this process “monitoring and controlling the technological adoption.” Technology Accep-
tance Models (TAM) summarizes various factors such as usefulness, ease of use [45,46],
and [126] “relative superiority, compatibility, complexity, testability, and observability of
technologies” [127]. TAM focuses on the technical specifications of technology that make
the technology adoption successful and acceptable but does not focus thoroughly on the
above questions [128]. This shows that the technology’s technical characteristics are not the
only ones to make the technology adoption successful. Still, some organizational factors
also accompany the successful adoption of the technology.

Many organizational factors such as existing technology within an organization [129],
communication, leadership, and empowerment [130] also make the adoption results
different. In addition, management strategies [131], culture [132], organizational poli-
tics [133], etc., are the factors having a significant impact on successful adoption. We argue
that both the technological aspects (of existing technology and the newly adopted tech-
nology) and organizational and managerial factors must be monitored and controlled for
the successful implementation/adoption/transformation of new technology and must be
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changed and managed according to the corporate strategic goals. It is not only the technol-
ogy itself that is responsible for the results but also the organization’s environment [134].

To summarize the monitoring and controlling of the technology adoption process,
first, we argue that the new technology should be adequately monitored to align its output
and satisfy organizational needs. Technically, the technology must be appropriate and
reasonable for the intended objectives. Uncertainty, new skills requirements, and other
risks always hinder successful adoption and results. So, it is best to address this as soon
as possible to properly manage and control and minimize the cost to be paid. Secondly,
organizational elements other than the technology itself must be monitored and contained
in such a way as to assist the new technology in achieving its goals. Change is not simple,
and neither is technological evolution in any organization. Conflicts may arise between
the organizational structure and the new technology, hindering the adoption process. So,
it is essential to fill the gaps in technology or organizational structure before and after
technology adoption to push technology to achieve its goals in fulfilling corporate purposes.

3. Discussion

The advancement of AI and its applications in different sectors is an irrevocable
fact. Neither can we ignore its applications in education, nor do we sustain without
it in the contemporary technologically advanced era [135]. Due to the importance and
roles of technology, many researchers have studied and are studying the technological
transformation or adoption in any organization under the title of Technology Acceptance
Models [136]. It is, without doubt, essential and crucial to explore and find out the factors
that impact or are associated with technology acceptance [137]. It is also a fact that if a
technology is unacceptable to the employees or users, it is never successful. These factors
are trust, ease of use, usefulness, relative superiority, compatibility, complexity, testability,
observability, etc., [138].

As much as AI is important for educational organizations, it is difficult to select a
sustainable and suitable technology [139]. The suitability and sustainability of any AI
technology start with the need assessment of the technology, the strategic objectives of
technology adoption or transformation; the selection of appropriate technology; the user’s
knowledge about the use of technology [140]; and monitoring and controlling the output
or results of technology. On the one hand, AI technology benefits the education sector;
on the other hand, it poses many ethical concerns, which mostly lead to a hindrance
between technological transformation and its acceptance. This further urges scientists,
academicians, and researchers to find a way to make technology not only suitable but
also ethical and sustainable [139,140]. For example, it is necessary to consider whether the
technology is trustworthy [141], secure to protect the personal information of its users [142],
has transparency, is affordable, user-friendly, etc., to name a few [143]. Other important
factors which must be taken into consideration are its impact on the health of users [144], its
impact on decision-making [145], on those with special needs [146], on the organizational
environment [147], and the opportunities it is expected to create [148]. These are some
of the concerns to be considered before and during the adoption or development of AI
technology for an educational setting.

Suppose that if at the time of needs assessment, which is the basis for technology
adoption, an organization only focuses on finding out about the needs and not on the
ethical issues to be raised if the needs are fulfilled, then its acceptability will be at stake.
It is common that the adoption or implementation of technology invites problems while
addressing some of the issues (in this case, the needs) [149]. This shows that while doing
the assessment of needs, the educational organization needs to think through the ethical
and challenging issues that may possibly or deliberately come after the technological
transformation or adoption or implementation for the needs that already existed and for
which the change was made. Similarly, the process will not be sustainable in the long run
and will pose different types of risks [150]. Therefore, needs assessment must be performed
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as the primary step to AI technology adoption such that if they become fulfilled, they will
not create other problems.

The strategic goals of any organization have a strong relationship with technology
adoption or transformation. Educational organizations take steps to achieve the desired
changes according to these goals. For example, during the recent COVID-19 pandemic,
many educational organizations shifted their routine practices online and adopted tech-
nology [151]. Similarly, with the advent of modern technology, it is much desired to use
the same AI technology for many purposes [152]. For example, for creating virtual en-
vironments for training such as driving, flying, and airplanes, in medical classes, etc.,
where the use of AI technology is more beneficial [153]. In addition, AI technology is also
helpful to be used in labs for creating the desired environment or applied where the reach
of humans physically is not possible or dangerous [154]. Educational organizations also
use AI technology to assist students and teachers with special needs to obtain and deliver
education [155]. Other types of strategic objectives such as cost control, research, and access
can also be obtained through the use of AI technology [156]. Therefore, it is important for
any educational organization to revisit the existing goals and align them with the goals of
AI technology adoption. The organizational objective of digital transformation must be
clear, e.g., whether it is for an administrative task or for academics, whether it is needed for
classrooms or distance-learning, whether it is for those with special needs or for normal
people, [3], etc. For AI technology to be more suitable and sustainable, it must be imple-
mented according to the goals it was adopted or implemented for. Education organizations
have administrative and academic tasks, and when they go for an AI technology, they need
to select the most appropriate technology [2]. Mostly, the same AI technology is used for
administrative tasks such as admission, course registration, results checking, exam paper
or assignment submission and checking, attendance, etc., and for academic tasks such
as taking online classes, lecture sharing, etc., but there is also specialized AI technology
which is used for very specialized purposes such as the one used by those having special
needs, in labs, and for creating an artificial classroom or learning environments [157]. For
each purpose generally and for a specific purpose specifically, appropriate AI technology
is needed, otherwise it will not fulfill the desired needs and goals for which it is adopted
or implemented.

As said earlier, AI technology is quite a new technology, and it is difficult to use new
technology properly. Therefore, there is also a need for the technology to be used by those
who know its use. This leads to the necessity of giving training to the users [140]. It is
highly important to mention that in addition to the ethical concerns of AI technology, if it is
not used by skilled users, it will pose or create additional concerns [158]. Skilled people
will use AI technology efficiently, and the possibility of misuse and ethical concerns will
be kept to a minimum [159]. The usage and performance of AI must be monitored and
controlled continuously, and if anything appears undesirable, it must be resolved. The
possibility of such undesirable results or outcomes or concerns is great for two reasons.
Primarily, the technology always comes with issues, and secondly, the users are less trained
to use it. This process should continue to eliminate the weaknesses in AI technology and
make it more suitable and sustainable for educational organizations.

Many concerns, such as the fear of losing jobs, mental health, etc., can be resolved by
giving training to AI technology users [140]. Some jobs in an educational organization are
riskier, technical, and not repetitive and need advanced training as there is the use of AI
and the human mind, while some are repetitive and need fewer skills. AI technology may
not give good results in jobs where human emotions, interactions, etc., are involved [160].
Therefore, extra attention is required there. Although with the advancement of AI technol-
ogy, such issues are also likely to be resolved to a greater extent. We believe that the final
control and decision-making power must be in the hands of humans, even though we also
believe that AI is assisting them in many ways in educational organizations. Educational
organizations must benefit from AI technology but not at the cost of ethical concerns.
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In short, as much as technology is becoming the need of the day, researchers have
often shown less interest in developing the technology adoption process, as they showed in
TAM. Before adopting or implementing any AI technology in an educational organization,
there is a need to choose the most appropriate technology that can efficiently and effectively
fulfill the organizational needs and is aligned with the organization’s strategic objectives. It
is also necessary that the users of the technology must have enough knowledge and skills
to use the technology effectively. However, users often lack the required knowledge and
skills to use new or advanced technology, and sometimes they have no trust (acceptability)
in it. Therefore, to develop the required skills and trust (acceptability), an organization
must train the users of the technology for successful adoption. Even then, the technology
may not give satisfactory results/outcomes; therefore, monitoring and controlling are
needed regularly to avoid failure. We conclude our discussion on designing the following
framework, as shown in Figure 2.

 

Assesment of 
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Control

Figure 2. Adoption of Technology Model.

4. Conclusions

This framework is about the adoption of technology in an organization and is different
from other technology acceptance theories such as TAM, TAM-3, UTAUT, DOI, and TOE in
some different ways. For instance, TAM focuses on the attitudes and behavioral elements
influencing how people accept technology. TOE describes the role of technological char-
acteristics and organizational and environmental factors in the acceptance of technology.
According to DOI, factors including innovation itself, adopters, communication avenues,
time, and social structure are crucial in determining whether new technology is adopted.
UTAUT merges theories of reasoned action, motivational model, TAM, theory of planned
behavior, diffusion of innovation, social cognitive theory, model of personal computer
uses, and a combined theory of planned behavior for technology acceptance. It says that
performance expectancy, social influence, effort expectancy, and enabling conditions have a
major role in the acceptance of a particular technology. Directly or indirectly, these theories
focus on the acceptance of technology and lessen the focus on the adoption of technology
in an organization. Unlike these theoretical models, the objective of this model is to look
into the acceptance or adoption of new technology from the organization (which is im-
plementing the new technology). This framework believes that the organization should
adopt a particular technology not only because of its advanced level, price, etc., but should
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also consider factors such as the organizational needs, organizational strategy (vision and
mission), knowledge and skills of the users, and continuously monitoring and controlling
the outcomes of the technology. For example, if a technology does not fulfill the needs of
an organization, it will never be successfully adopted or accepted in that organization, but
maybe it successfully fulfills the needs of another organization. For successful adoption,
a thorough assessment of needs is necessary. Similarly, the strategic fit is also a key to
successful adoption. The selection of appropriate technology and user knowledge and
training are other factors that lead to successful adoption. Lastly, technology adoption in
any organization is not a one-time process and should not be forgotten when implemented
but should be continuously monitored and controlled for the desired results, i.e., they need
fulfillment. In short, this framework focuses on the parameters an organization must have
to meet for the successful adoption of AI technology.

AI Technology adoption is different from technology acceptance and must not be
mixed but must be explored, designed, and tested individually. For the adoption of AI
technology, organizations need to analyze, recognize and assess the needs for which the
technology is required, then check whether it is aligned with the strategic or long-term
objectives of the organization or not. Technology transformation decisions are not easy,
and any price may be high, so it’s better to check its alignment with the organization’s
strategic goals or objectives. In the next step, the most appropriate technology will be
selected. By proper, we mean relevant in cost and benefits, suitability, acceptability, and
environmentally friendly. After that, training the users, e.g., teachers, students, and other
staff, using the technology is essential. If they cannot use it, the technology adoption will
fail and not give the desired results. In the last step, it must be monitored and controlled
regularly to avoid any mistakes and to take corrective actions if needed in the context of
technology, user, and environment.

4.1. Limitations

It is without a doubt that there is always space for improvement and limitations in
every model or framework. Primarily, this framework focuses on the internal process of
technology adoption and having a party focus on the external environment. Therefore, it
may not cover the surroundings other than the vision, mission, and strategic objectives of
the organization. Secondly, it is a proposed framework for the adoption of technology in
education, not on the factors that have an impact on the general acceptance of technology,
as discussed in TAM, UTAT, etc. Thirdly, it is not quantitatively evaluated.

4.2. Future Research

1. As discussed in the limitations, it would be better to properly convert it into the other
technology theories and models.

2. Proper evaluation is another direction for the research on this model.
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