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Abstract
The purpose of this study is to explore attributes that influence the quality of smart 
classrooms from the perspective of higher education teachers. Relying on a purposive 
sample of 31 academicians from Gulf Cooperation Council (GCC) countries, the study 
identifies themes related to quality attributes of technology platforms and social inter-
actions. These attributes are user security, educational intelligence, technology acces-
sibility, system diversity, system interconnectivity, system simplicity, system sensitiv-
ity, system adaptability and platform affordability. The study identifies management 
procedures, educational policies, and administrative practices that enact, engineer, 
enable, and enhance these attributes in smart classrooms. The findings also highlight 
strategy-oriented planning and cause-driven transformation as the main smart class-
room contexts influencing the quality of education among interviewees. With insights 
from the interviews, this article discusses some theoretical and practical implications 
of the study, research limitations, and potential future research directions.

Keywords Smart classrooms · Higher education teachers · Quality · Change · 
Technological dimensions · Social dimensions · Smart learning

1 Introduction

According to the World Bank (2020), the impact of technology adoption on stu-
dent performance remains mixed at best. However, the Coronavirus Disease 2019 
(COVID-19) pandemic shifts the debate on technology adoption from being a ques-
tion of if to a question on how use influences performance (World Bank, 2020). The 
pandemic sparked an impulse towards a greater technology use and adoption of new 
platforms and digital technologies (Saura et al., 2022). Thus, there are pressing needs 
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to re-imagine education to respond effectively  to the disruption caused by the web 
and associated technologies (AlMalki & Durugbo, 2023; Yeh & Walter, 2016) and 
to a post-COVID era (World Bank, 2020). Reports suggesting that educational sys-
tems are rarely working well necessitate a need for innovation in education (World 
Bank, 2019; Johnes et al., 2017) with research noting that students are not gaining the 
skills needed for the 21st professional careers (Trucano, 2017). Policymakers argue 
that innovations aimed at reimagining the role of education could drive substantial 
welfare gains (U.S. Department of Education, 2017). Significantly, some practition-
ers note concerns over efficiency and productivity of educational expenditures and 
urge that technology-based solutions to improving and re-imagining education lie 
in technological innovations (OECD, 2016; Flavin & Quintero, 2018) such as smart 
classrooms that integrate smart devices and technologies (e.g., sensors and microcon-
trollers) to improve teaching and learning processes (Chamba-Eras et al., 2018).

In the knowledge age, integrating technology into the classroom increasingly 
emerges as an approach that can help to improve learners’ higher-order thinking to 
suit the demands of the 21st century (Di, Danxia, & Chun, 2019). Consequently, smart 
classrooms are expected to gain more popularity, and emphasis should be on ensur-
ing schools adopt design criteria that guarantee quality (Alfoudari et al., 2021; Dong, 
et al., 2019). Maintaining high quality levels and standards ensures educational insti-
tutions provide safe learning environments, ensure comfortable conditions for study, 
and develop relevant skills for instructors and learners (Songkram, 2017; Abdellatif, 
2019). Although, the need to ensure quality in part explains foci on examining and 
establishing effective smart learning configuration and design (Dong et al., 2019; Wu, 
2016), an analysis of the literature suggests limited coverage on research dedicated 
to the quality attributes of smart classrooms – as opposed to smart classrooms being 
attributes for the quality of education. Such paucity is the motivation for this research.

The aim of this study is to explore attributes that influence the quality of smart 
classrooms from the perspective of higher education teachers. The quality of educa-
tion is not a concept that is inherently related to commercial dimensions (Vlacho-
poulos, 2016). Rather, research argues that technology and human relations contrib-
ute to the success of learning environments (Lee et al., 2020).

The originality of this study is to address the emerging gap on quality of smart 
classrooms. Current research notes the central role that technological factor in influ-
encing smart classrooms adoption (Selim et al., 2020; Lu et al., 2021; Kuppusamy, 
2020). Smart classrooms are technology-rich learning environments with information 
and communication technologies (ICTs) tools, learning resources, and interaction 
support that facilitate data storage, collection, computation, and analysis for optimal 
pedagogical decisions (Lu et al., 2021). Central to the concept of smart classrooms is 
the use of internet systems, sensors, cameras, and other computational devices sur-
veilling educational participants to facilitate educational processes. Smart classrooms 
also involve an elaborate lattice of information networks that share, merge, and create 
data and data profiles (Kwet & Prinsloo, 2020). Apart from technology features, IT 
knowledge is crucial to IT adoption. Successful use of technology innovations sig-
nificantly depends on employees having sufficient skills and knowledge to use them 
(Selim et al., 2020). A central feature of smart classroom is the advanced implemen-
tation of technology to enhance educational outcomes.
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There are also studies on smart classrooms that emphasize the essence of social 
factors. Teachers must dynamically adjust teaching strategies to suit learners’ perfor-
mance and acceptance levels (Dai et al., 2021; Cheung & Wang, 2021). The social 
dimension applies since improving learning outcomes inherently concerns ensuring 
affective and cognitive engagement and encounters with authentic tasks with real-
life applications. Consequently, aspects vital to the social dimension such as moti-
vation, sentiments, and autonomy arise even when integrating technology (Cheung 
& Wang, 2021). Smart classrooms are social spaces in which interactive exchanges 
occur between teachers and learners. The social space dimension of smart class-
rooms is a pertinent factor to consider in suggesting improvements.

While much has been written about smart classrooms, the literature has primarily 
focused on technological factors or social factors that can improve teaching and learning 
outcomes with limited coverage on the interaction of the factors and quality of education. 
Past studies on smart classroom environments primarily focus on providing signposts on 
how to transform teaching and learning before accommodating new technologies. How-
ever, gaps remain as there lacks a holistic model applicable in quality considerations for 
smart classroom learning environments. Such a model is warranted as the popularity of 
such environments increase. The lack of past scholarly work on these dimensions presents 
a research gap that this study seeks to address. Achieving this objective will be possible 
if findings enlighten educators and policymakers on the technological and social dimen-
sions of quality applicable in deploying smart classrooms that meet high quality stand-
ards. This has the potential for a multiplier effect throughout the education sector with 
implications for national and regional competitiveness. This study aligns with arguments 
proposing that the cornerstone of any effective 21st century learning framework demands 
transformative strategies that integrate the smart classrooms concept (Al-Hunaiyyan et al., 
2017). Consequently, the expectation is a focus on quality could aid in identifying policy-
making measures to advance smart classroom adoption. Promoting quality in education 
remains a central issue worldwide (Paraschivescu & Savga, 2016) and this study responds 
to a unique need to assess the quality attributes of smart classrooms.

The study employs purposive sampling of higher education teachers to gain a deep 
understanding about quality aspects of smart classrooms. Using the interviews with 
the sampled participants, the study presents insights relevant for smart learning (i.e., 
learning via integrated use of technology) initiatives targeted at enhancing the quality 
of smart classrooms. This study shows that technological and social aspects interact 
with quality contexts to shape the quality of smart classrooms. Enhancing the qual-
ity of teaching and learning in smart classroom requires joint evaluations of different 
dimensions of these interlinked aspects. The rationale for this research is that insights 
on social and technological dimensions in smart classrooms can assist in better under-
standing changes necessary to enhance quality of smart learning. Although, formal 
learning remains in physical environments, smart classrooms for teaching and learning 
are a growing trend in society (Liu et al., 2017), and there is a need to shed light on the 
nature of quality that contributes to realizing and enhancing smart classroom potential.

This study is necessary because effective adoption of smart classrooms will depend 
on the readiness of educational institutions. Smart classrooms are still a developing 
phenomenon and existing gaps in literature serve as basis for improving the quality of 
smart education. The reminder of the article details the literature review including the 
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research framework, methodology, findings and a discussion of the research implica-
tions followed by conclusions and suggestions for future research directions.

2  Literature review

Smart classrooms emerge from technological infusion and diffusion in educational 
to provide learning support to students (Marcellus & Ghrayeb, 2015; Taleb & Has-
sanzadehb, 2015). Unlike conventional classrooms, a smart classroom contains a 
range of adaptive interfaces, such as tablets, video recorders, digital wristwatches, 
and smart phones as part of the education delivery system. Collectively, these fea-
tures make the smart classroom learning environment highly integrated via technol-
ogy tools (Al-Sharhan, 2016). In the view of authors such as Gros (2016), a standard 
smart classroom design needs to consider prevailing socio-cultural features, the con-
text, and cultural resources. Gros further argues that in addition to focus on enhanc-
ing learning processes, smart classroom design should emphasize individualized 
adaptation of educational services. To achieve this goal, users must be included in 
the design making process and offered continuous support.

The rest of this section present a background on smart classrooms in education, 
the concept of quality in education, and a socio-technological perspective on quality 
for smart classrooms that is linked to the purpose of the study.

2.1  Smart classrooms in education: A background

Evidence from recent years show a growing trend in classroom reconstruction based 
on the attributes of smart applications, smart technology, and smart management (Song 
et al., 2014). Among the technologies gaining popularity in the education sector include 
technologically advanced devices and intelligent systems, mobile and web applications, 
connectivity, data analysis and decision support, cybersecurity, storage and backup, and 
content management systems (Li-Shing et al., 2019; Cebrián et al., 2020; Zhang et al., 
2022). Underpinning this shift are proposals for the creation of a physical space that is 
richly interwoven with actuators, sensors, displays, and computational elements that are 
embedded seamlessly and connected through a continuous network (Jun & Hong, 2014; 
Liu et al., 2017; Kwet & Prinsloo, 2020). Smart classrooms are part of the shift to ensure 
learning is student-centered and reduce the teachers’ contribution to enable learners to 
give more attention to the curriculum (Shahkarami et al., 2015). Thus, authors argue that 
smart learning is an important part of a learning society (Liu et al., 2017). There have 
been varied efforts to define smart classrooms, and a common feature is their emphasis 
on smart devices and intelligent technologies (Bognar et al., 2019). This study adopts 
the definition by Song et al. (2014) for a smart classroom as a kind of classroom with 
smart application services, hardware, and software to enable teachers to teach using var-
ied forms of media. Authors such as Nishantha et al. (2009) previously advance this per-
spective and argue that smart classrooms can revolutionize educational paradigms and 
facilitate the delivery of top-quality educational programs globally.
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Various authors highlight different perspectives for characterizing the uniqueness of 
smart classrooms. According to Liu et al. (2017) and Li et al. (2019), new perspectives 
towards learning approaches are necessary when dealing with smart classrooms due 
to flexibility offered beyond the conventional technology-enhanced classrooms. Dai 
(2019) identifies convenience and deep interactions, while Di et  al. (2019) propose 
smart classrooms as useful for facilitating higher-order thinking. Other perspectives 
include the need to focus on the social and environmental constructs (Papadakis et al., 
2019), and ease of access to required content via interactions with technology (Tem-
dee, 2019). The diverse characterization prompts this study to approach smart class-
rooms in terms of their intelligent spaces meant to enhance learning, convenience in 
accessing content, presentation, interactions, and classroom management. This charac-
terization represents an inclusive view of the smart classroom concept with considera-
tions for potential applications in blended, flipped, and virtual classrooms.

Literature suggests various social and technological challenges of smart class-
rooms. Social challenges tend to revolve around three main considerations: person-
alization, engagement, and interactivity (Alfoudari et  al., 2021). Personalization, 
i.e., supporting personalized features, ensures smart classrooms remain convenient, 
healthy, and safe (Zheng et al., 2019; Choi & Suk, 2016; Vasanthapriyan & Rand-
ima, 2019; Sevindik, 2010; Lee, 2015; Uzelac et al., 2015; Ouf et al., 2016). Chal-
lenges also arise in personalizing the learning environment to promote learning atti-
tudes and motivation (Munawar et al., 2018; Tlili et al., 2019; Aguilar et al., 2017). 
Success of smart classrooms also depends on personalization of teaching methods 
by educators (Miraoui, 2018; Godlewska et al., 2019).

Engagement is the next challenge that concerns attracting and sustaining interests 
in learning content, instructors, and peers (Gupta et al., 2019; Timms, 2016; Alghamdi 
& Altameem, 2019; Terziyan et al., 2014; Pingxiao, 2017; Dutta et al., 2018; Li et al., 
2019; Tissenbaum & Slotta, 2019). Difficulties in achieving engagement in smart 
classrooms shifts focus to informal learning (Krummheuer et al., 2018), unrestricted 
learning projects (Said & Albagory, 2016), active learning (Saraubon, 2019), and 
engagement in exploration works (Godlewska et al., 2019). Smart classrooms develop 
in a school context but the uniqueness of the smart classroom concept lies in techno-
logical advancements and managerial commitment to integrate software applications, 
intelligent systems, decision support storage, and technological platforms in a richly 
interwoven and networked physical space (Li-Shing et al., 2019; Cebrián et al., 2020).

Closely related is the third challenge of interactivity (Benakli et al. 2016; Cheong and 
Koh 2018), where the main difficulties lie in the design phase. Complications often arise 
in creating learning environments that facilitate seamless exchanges (Al-Qirim, 2011), 
stimulate learning (Kumara et al., 2015), promote engagement (Cho et al., 2012), suit 
varied learning patterns of each learner (Rajesh & Reena, 2015), and afford time to both 
students and teachers to contribute adequately (Jo & Lim, 2015). Technological issues 
arise in developing designs that fit the demands of integrated intelligent systems (Zheng 
et  al., 2019; Pirahandeh & Kim 2015), learning environments (Benakli et  al., 2016; 
Cheong & Koh, 2018), system models and ontologies (Huang et al., 2019), social media 
and mobile applications (Dos Santos, 2019; Suo et  al., 2009), and analytic tools and 
analysis (Di et al., 2019; Wang et al., 2019). Table 1 summarizes these challenges.
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2.2  Quality in education

Over time, the concept of quality has fascinated academics. Seminal authors like Juran 
(1999), Zeithaml, Parasuraman, and Berry (1990), and Caruana (2002) consider qual-
ity as meaning features of products that meet the desired needs of users leading to 
desired user satisfaction and freedom from errors likely to necessitate rework. Thus, 
achieving higher quality involves effort, investment and strategy with attention to the 
attributes that constitute quality. Describing quality in education is challenging because 
quality tends to be experienced rather than defined (Sahney, Banwet, & Karunes, 
2006). Nonetheless, research offers multiple dimensions to determine the quality of 
education and create appropriate value propositions (Haseena & Mohammed, 2015). 
Akareem and Hossain (2016) suggest that the main dimensions of quality are faculty 
credentials, quality of students, administrative supports, and academic features. How-
ever, the choice of dimensions depends on the expectations and interests of the con-
cerned individuals (Cheng & Tam, 1997). The lacking of consensus provides opportu-
nities for studies to establish the most vital dimension in ensuring quality in education.

Various studies consider the concept of quality in educational settings. For instance, 
in their study seeking to examine whether one’s demographic and background influ-
ences perceptions regarding higher education, Akareem and Hossain (2016) found 
that the status of learners for scholarship, parents’ education, extracurricular activi-
ties, previous result, age, and the university where they study influences their percep-
tion about quality of higher education. Jun and Hong (2014) aimed to establish quality 
standards based on existing quality standards in e-learning, while Shahkarami et al. 
(2015) investigated the effect of educational technology in the quality and learning 
of physical education and found that educational technology improved the quality of 
teaching. Assuming a more sophisticated stand on quality through total quality man-
agement (TQM), Sahney et al. (2006) found quality to be the primary determining 
factor for long-term competitive success of educational organizations. TQM relates 

Table 1  Smart classroom challenges

Social Challenges Technological Challenges

• Personalization of
  ○ external factors
  ○ learning attitudes
  ○ teaching methods
• Engagements with
  ○ Learning content
  ○ Instructors
  ○ Peers
• Interactivity for
  ○ Pursuit of experience-based investigations of 

joyful learning experiences
  ○ Experience exchanges
  ○ Changing dynamics of student learning patterns
  ○ Student and teacher participation
  ○ Teacher and student aptitudes
  ○ Student talk and teacher lecture ratios

• Designing learning environments
• Integrating intelligent systems
• Proposing system models and ontologies
• Applying analytic tools and analysis
• Supporting mobile technology and social media 

applications
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to an organisational culture and continuous process of evaluation with the purpose 
of elevating the quality levels of organization by engaging organizational members 
to achieve the organization’s long-term goals (Perdomo-Ortiz et  al., 2006; Johnson 
& Clark, 2008; Oakland, 2003; Sallis, 2014). In their study, Milenkovska and Novk-
ovska (2019) showed that TQM can be achieved using business process modeling 
for higher education. Similarly, Aziz, Mahmood, and Bano (2018) found that TQM 
assumes a central role in improving the quality of higher educational institutions and 
offers a unique avenue for attaining quality. Gligorić et al. (2012) employed different 
parameters to assess the quality of lectures after applying Internet of Things in smart 
classrooms. Cheng and Tam (1997) sought to develop a multi-model of quality appli-
cable in education to facilitate practice, support policy making, and develop policy 
agenda. This study adds to the existing research by introducing a new perspective 
termed the total quality management for education (TQM4E) - a management phi-
losophy applying TQM to an educational context.

2.3  Quality for smart classrooms: A socio‑technological perspective

Forecasts project exponential growth in the adoption of smart classrooms for the 
coming years (Uskov et al., 2015) due to the emergence of smart systems, applica-
tions and technologies that provide unprecedented opportunities for quality teaching 
and learning (Oubibi et  al., 2022). In addition, there are credible signs that smart 
classrooms have the potential to revolutionize schooling. However, realizing high-
quality smart classrooms would require insights on their disruptive nature and attrib-
utes (Pishva & Nishantha, 2008). For instance, Garrison (2009) notes that improv-
ing the quality of smart classrooms requires solving technological issues hindering 
learning and fostering social relations for enhanced value creation. Importantly, the 
quality of smart classrooms depends on commitments to technology platforms and 
social interactions (Pishva, 2007). Thus, the solution to ensuring quality lies in fine-
tuning technology platforms and social interactions.

Other lines of reasoning argue that learning analytics of a smart classroom 
improves teaching processes since the intelligent environment observes student 
responses and helps in decision making to improve the quality of instruction and 
students’ performance (Gligorić et  al., 2012; Gligoric et  al., 2015; Aguilar et  al., 
2018; Uskov et  al., 2019). Nevertheless, the main quality factor remains the effi-
ciency and effectiveness of digital devices and learning software incorporated with 
sensor networks to track smart classroom processes. The other quality factor is the 
reliability of data gathering and feedback to inform decision making for superior and 
faster learning (Cebrián et al., 2020). Moreover, the usability and flexibility of smart 
technology is also a crucial quality factor. Imperatives exist for the technology to be 
adaptable to different pedagogical aspects and respond to specific educational needs, 
rather than remaining merely innovative solutions unconnected to teaching and 
learning. Another aspect of the quality is the range of environmental conditions such 
as air quality control, lighting, and acoustics that affect learners directly in terms of 
their comfort, well-being, and as a consequence, the quality of learning (Cebrián 
et  al., 2020). Figure 1 summarizes the preliminary model showing the interaction 
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between the investigated smart classroom factors. The figure conceptualizes smart 
classroom quality as dependent on technological and social factors and how quality 
subsequently shapes smart classroom use. Technological factors are vital because 
interactive devices are at the center of smart classrooms (Al-Sharhan, 2016), and the 
interactivity attributable to technology is a significant quality issue in smart class-
room contexts (Cebrián et  al., 2020). Apart from technology, the quality of smart 
classrooms also depends significantly on how the classroom spaces and pedagogies 
are socially enhanced (Cebrián et al., 2020). Social factors such as support percep-
tions, motivation, and engagement have a considerable impact on cognitive engage-
ment that takes place in smart classrooms.

Motivated by these different concerns in literature, as summarized by Fig. 1, this 
study seeks to investigate the perspective of higher education teachers on attributes 
that influence the quality of smart classrooms. The research questions guiding the 
study are as follows:

 RQ1. What are the main quality attributes of smart classrooms associated with social 
and technological factors from the perspective of academic staff?

 RQ2. How can policymakers enhance the quality of smart classrooms?

Motivated by these research question, the primary objective of this research is 
to examine what academics consider important for ensuring quality of the design 
spaces, configurations, and environments of smart classrooms. Based on these 
research questions, the next section details the methodology regarding adopted 
research design, philosophy, data analysis, data collection and thematic analysis.

Fig. 1  Preliminary model for analyzing smart classroom quality
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3  Research methodology

This study adopts an exploratory approach (Gray, 2013) because the primary con-
cern for the research is to shed light on the quality attributes of smart classrooms, 
and exploratory studies support emerging evidence to acquire meaningful data that 
explain phenomena. Exploratory research attempts to discover something new about 
a research topic  and helps develop a rich understanding of research questions and 
findings (Lavigne et al., 2020; Elman et al., 2020). Multiple studies also adopt the 
exploratory approach when tackling topics related to smart classrooms because of the 
novelty or new expectations involved (Zhang et al., 2022; Jia, 2022; Petchamé et al., 
2021). The approach assists the researcher to understand the forces that facilitate the 
occurrence of the phenomena observed in the study. The exploratory approach is also 
suited to studies with “what” and “how” questions (Strydom, 2013) and addresses 
the questions posed by RQ1 and RQ2. Furthermore, exploratory studies enable the 
acquisition of valuable information to understand and explore the causal relationship 
between variables (Popova et al., 2018). Since smart classrooms are still a developing 
concept, there are knowledge gaps on the workings of the concept and studies on how 
to improve smart classrooms are bound to be exploratory in nature.

3.1  Philosophy

Constructivism guides the research and supports the use of prior experiences and 
background knowledge to construct new knowledge regarding the phenomena 
under study (Ultanir, 2012). The rationale behind this choice is that it enables the 
researcher to derive in-depth and meaningful understanding of the implications of 
smart classrooms on the students’ learning by deriving new insights that enrich 
the already existing knowledge base regarding the phenomena (Panasuk & Lewis, 
2012). The constructivist theory is based on the premise that the meaning con-
structed refers to the law and nature of things and the internal connection between 
them. The focus of learning is to have a deep understanding of the laws, nature, and 
internal relationships of things. Thus, the realization of meaning from construction 
of knowledge is the ultimate goal of the learning process (Zhang, 2022). A central 
proposition of constructivism is social interaction theory emphasizing that people’s 
learning and development occur when they interact with others. In this view, knowl-
edge is constructed in specific social and cultural contexts with the assistance of oth-
ers and using appropriate materials to construct meaning (Xu, 2022). Such implied 
cognitive development on a topic is intertwined with the learning process in which 
the learner constructs new knowledge.

3.2  Data collection

This study collects data on the perspective of higher education teachers as subject 
matter experts on smart classrooms. Subject matter experts are individuals with 
prior familiarity, knowledge and experience on a subject of interest (Baran & Jones, 
2016) and their involvement facilitates the constructivism epistemology that guides 
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this study. The experts have practical experience with the application of smart class-
rooms in teaching. Purposive sampling  is employed and  involved first identifying 
those who can help develop a richer understanding about smart classrooms (Nish-
ishiba et  al., 2014). Rather than aggregate opinions from a sample from the gen-
eral population, the research questions would be better answered by soliciting expert 
opinions (Stufflebeam, 1985).

In selecting participants, the first step was to ascertain the appropriate informants 
who had practical encounters with the smart classroom concept. For this stage, we 
held pre-consultations with educational technology instructors from three higher edu-
cation institutions, and these instructors recommended a sample of academic adminis-
trators involved in implementing smart classrooms. We then sampled heads of depart-
ments, professors, assistant professors, and deans and administrators involved in smart 
classrooms implementation, and serving in higher education institutions in GCC coun-
tries, as the study’s informants. Thus, the research excludes academic staff members 
without hands-on experience in managing smart classroom settings and those not in 
GCC countries. The higher education institutions selected from the study were derived 
from list of institutions adopting the smart classroom concept in different GCC coun-
tries based on initial contact with instructors within technology departments.

Upon identification of the participants, the study commenced formal commu-
nication to request confirmation for participation and a signed informed consent 
form. Thereafter, follow up communication served as an avenue to arrange for the 
interviews. Semi-structured interviews offer deep, rich and valuable data sets from 
a focused yet conversational two-way interviewer-interviewee communication, and 
serves as the preferred choice for data collection due to support for blending both 
closed and open-ended questions with follow up “why” or “how” queries to gain 
in-depth understanding of the participants’ perceptions. Due to COVID-19, all inter-
views were conducted virtually via phone or video calls (via WhatsApp, Zoom and 
Skype instant messaging services). Using an interview protocol (see Appendix) 
developed from the conceptual framing, the semi-structured interview with partici-
pants lasted an average of 39 minutes. All interviews involve audio recordings with 
the permission of participants and aid in preserving accuracy during the retrieval of 
responses, allowing interviewers to concentrate fully on the interview content and 
verbal prompts (Adams, 2015).

In this study, 31 interviews were conducted with professors from different univer-
sities across GCC countries. The data for this study are the from interviewees who 
gave their consent to participate, and contact was mainly via email. Table 2 provides 
an overview of participants’ positions, departments, working experience, and dura-
tion of each interview.

As Table 2 shows, twenty-two interviewees served either as full professors, assis-
tant professors, or associate professors. Others presented themselves as chairpersons 
(2), administrator of learning management systems (LMS) and Web Master (1), 
teacher of educational technology (1), co-teacher (1), dean of the school of e-edu-
cation (1), head of e-learning (1),  and head of development department (1). One 
interviewee serves as a chairman and full professor in a department of Management 
Information Systems (MIS), and average experience of interviewees was 15 years, 
ranging from 3 to 36 years.
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3.3  Data analysis

Data analysis for the study involves thematic analysis (Vaismoradi & Snelgrove, 
2019) using ATLAS.ti software. This approach identifies, organizes, describes 
and reports important or interesting patterns or themes prevalent in the data set for 
informed insights regarding the phenomena under study (Friese, 2019). Using ana-
lytic examination of the responses from the study participants, researchers analyze 
data sets into smaller codes that unite the related ideas and meanings accrued from 
studying the phenomena. Since thematic analysis is not attached to a specific epis-
temological or theoretical viewpoint (Maguire & Delahunt, 2017), it is flexible and 
appropriate to capture the diversity of work in learning and teaching.

For the analysis, the study applies a  systematic framework with six stages that 
include becoming familiar with the data, generating initial codes, searching for 
themes, reviewing themes, defining themes, and articulating the themes in a report 
(Maguire & Delahunt, 2017). The reliability and validity of developed themes (Her-
zog et al., 2019), follow the six stages and fulfilled by, the author, co-authors and a 
group of five co-opted independent researchers as subject matter experts. The author 
and first co-author contributed to the six stages. The second co-author reviewed the 
documents and refined proposed themes. The independent researchers assisted in 
reviewing and comparing the developed themes, in line with suggestions by Alho-
jailan (2012). The next section presents the findings following the thematic analysis 
to identify and articulate the patterns present in the data for insights regarding the 
phenomena under study.

3.4  Reliability and validity of the study

For verification purposes, the study involved preparing detailed notes on interviews. 
Additionally, the research was iterative and moved back and forth to ensure the all 
the steps are congruent. During study, long engagement in interviews and triangula-
tion of data sources were considered for credibility. Following the six analysis steps 
produced 59 subthemes that subsequently generated 9 themes for the articulation 
step. Intercoder-reliability based on percentage agreement is 95.1% (59/62), and 
results in three dropped concepts that relate to different terminologies and disruptive 
smart classroom attributes.

The five independent researchers reviewed the documents of the established 
themes, and the purposive sampling of academics from different GCC countries 
seeks to improve the external validity of the research. The themes were also pre-
sented and discussed at two events: a PhD workshop and a research day event using 
a poster summarizing the research findings.

4  Findings

This section presents the findings on quality attributes for smart classrooms due to 
technological aspects and social interactions.
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4.1  Quality attributes of technology platforms

In relation to the quality attributes of technology platforms, the interview data 
indicates three main themes i.e., technical system support for security, flexible 
analytics modules for intelligence, and integrated mobile application for accessi-
bility. As shown by Table 3, associated with these themes are key terms and con-
cepts of systems and service security concern, perception of security, administra-
tive arrangement for examination, security tools disclosed, literacy and disclosure 
of security system, usefulness, readiness, use for examination, effort and perfor-
mance, flexibility, system intelligence, and strategy and policy inputs.

4.1.1  Technical system support for security

Security as a smart classroom quality remains a key concern for educational 
technology, particularly in the context of the COVID-19 pandemic, with vari-
ous platforms facing security concerns, with a Kuwaiti Assistant Professor not-
ing that:

“In general, there are security loopholes.” (Int_11)

The overall perception of security is, however, dichotomous, because participants 
view security administratively to support evaluations of smart classrooms and tech-
nologically when considering smart classroom tools to prevent system interference 
from unauthorized system users:

“The first one is the presence of the firewall which prevent reaching to the 
internal network except for those who are authorized to log in…it is coded 
(data encryption algorithms)…from the administrator side we have a security 
measures in the university… they provide training courses.” (Int_23)

This integration of administrative service-oriented and technical system-ori-
ented arrangement provides a congruent approach for security issues. Some of 
the participants further elaborate on aspects of administrative arrangements as 
follows:

“When the student log in … take picture of them for security reason…when 
you do assignment there is timing.” (Int_17)
“Control of log in, participation time, control cheating, availability of the 
materials.” (Int_26)

In these administrative arrangements for security, faculty tend to focus on aspects 
such as creating question bank to assigns random questions (Int_2), placing system 
restrictions (Int_21), allocating timing and place for examination (Int_26), and using 
passwords (Int_25).

Participants also disclosed some technical security tools such as encryptions 
(Int_4), QR codes (Int_12), firewalls (Int_23), and secured emails (Int_6). These 
tools exist in for supporting online classrooms with increasing use of cloud technol-
ogy and virtual machines as noted below:
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“For the online classrooms we use Microsoft teams some security technolo-
gies like pair to pair encryptions.” (Int_4)
“The cloud they will give you virtual machines and [you]will install the OS 
(operating system)… the firewall you have to upgrade it every year." (Int_31)

However, participants were either unaware of the security system or felt hesitant 
to share the security related details. Perhaps participants’ felt sharing or disclosing 
information could jeopardize the security of their systems. Thus, participants either 
denied responding to related questions or expressed limited knowledge on the issue 
as shown below:

“I do not have technical experience about security.” (Int_1)
“I think the security based on the IT department… I don’t know the details.” 
(Int_27)

4.1.2  Flexible analytics modules for intelligence

For the next theme, intelligence as a smart classroom quality, concerns the analytics 
that originate for data on system output and usage by teachers and students. Partici-
pants commented on the usefulness of system analytics because it eases the work of 
both students and teachers, i.e.

“That (analytics) makes life is easier for us and for the student.” (Int_29)

Users of system analytics found the technology helps in finding trends in the 
attendance, the readiness of students in terms of time spent on reading materials or 
watching the educational videos provided, to enable teachers make more informed 
decisions about individual students i.e.:

“Through the smart classrooms I know who read and watched the post.” 
(Int_2)

Along with analysis and readiness, the system analytics enables teachers to evalu-
ate the suitability of the content through analyzing popular content, assessing issues 
with contents and identifying course items for any future versions of courses, as cap-
tured by an Emirati Dean for a School of e-Education:

“What kind of material they used, what do they prefer of this material, what 
was wrong with some sort of this course items.” (Int_16)

Another important use of system analytics is for designing examination. The 
range of interest in using analytics include for analyzing and making corrections to 
examination questions (Int_12), evaluating the difficulty levels of questions (Int_13), 
and generating graphical representations of examination patterns to ascertain fair-
ness in questioning and grades (Int_12). According to a Kuwaiti Assistant Professor 
in an Instructional Technology Department, the focus should be on right percentages 
for questions, i.e.
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“I used “zip grade” to correct these exams and to analyze them to know which 
are the difficult questions and the easy ones…I analyze it and make a graph to 
show for the student to know that I was fair with all of them.” (Int_12)

The data indicates that well-designed examinations through system analytics lead 
teachers to evaluate student efforts and consequential performance. For instance, 
participants suggested the following:

“It is like tracking their performance and then it is not only about their perfor-
mance, tacking their efforts. For example, if I have given the task to my stu-
dents that certain number of trials, I should be able to know that who did what 
at what time, how many attempts they did, it the first and the second attempts 
what was his performance.” (Int_15)
“System generates analytics, so it tells you exactly how long the student spends 
in reading the text, how many times he watched the video and repeated it and 
so on.” (Int_17)

Another aspect of system analytics is access to multidimensional information that 
makes the teaching and learning experience more flexible and adaptable, as noted by 
a Qatari management academic:

“These options [system analytics] are very important because make the system 
itself flexible.” (Int_1)

With continued system use, advances using technologies, like artificial intelli-
gence (AI), improves system ability to learn and predict user behavior and require-
ments, as noted by an Omani Head of e-learning:

“we call[it] “mastering technology” which is when the lecturer assigns a topic 
here for the students and then the system will start to ask the students ques-
tions about the topic. If his answer is wrong the system is using artificial intel-
ligent so it will give him a hint.” (Int_17)

Overall, in-depth information contributes to quality because large data-sets ena-
ble universities formulate strategic policies beyond the classroom, as argued by 
a Saudi Associate Professor:

“a system in the university which is called business intelligence and it offers 
the data from their internal and external resources for the policy makers…this 
data gives the policy makers indicators about the achievements and the perfor-
mance to compare that in the intended strategic plan and the goals according 
to his level in the organizational structure. That enables him to form a vision 
about the track of the performance if it is right or wrong.” (Int_23)

Despite these useful aspects of system analytics, there remains room for improve-
ments particularly in increased awareness and capacity building for faculty, as 
reflected in minimal use of system analytics among participants.
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4.1.3  Integrated mobile application for accessibility

The next theme for accessibility as a smart classroom quality reflects evolving envi-
ronments for smart classroom towards compatibility and support for mobile applica-
tions because these applications offer a range of benefits for teachers and students. 
According to two Emirati and Kuwaiti academicians:

“Most of the application[s] are available in the mobile…currently [student] are 
more interested using smart phones for smart classroom.” (Int_15)
“Even some quizzes and exams, I use it the whole time on the mobile.” 
(Int_18)

Benefits of mobile applications include higher usership, ease of use, and acces-
sibility. Significantly, mobile phone use remains popular and integrated mobile 
applications create classroom opportunities as noted by an Omani LMS Adminis-
trator and Web Master:

“It’s a very good tool to use because now everyone has his smart phone and 
he can access the internet.” (Int_4)

Higher usage extends beyond number of users to durations spent on mobile 
phones. Overall, high usage stems from mobile features supporting user interac-
tions e.g. user-friendly interfaces and ease of access. Harnessing these features 
for supporting smart learning is the focus of remarks such as:

“When they use the mobile, they interact a lot because it became an essen-
tial part of their lives. Anytime I can ask them to download any program on 
their phones, it is usually simple and easy.” (Int_14)
[Students] can download it and catch up with your lectures anytime and 
anywhere you nail it.” (Int_22)

Another factor within this theme is the availability of mobile apps that gener-
ally tend to be free, as noted by a Kuwaiti academician:

“Most of the programs on it [mobile phones] are free like “keynote “. They 
need not to buy. Most of the programs I use are suitable for the Android and 
IOS in iPhones and iPads.” (Int_2)

Mobility is another aspect of this theme that complements flexibility, avail-
ability and accessibility for users, i.e. teachers, students and administrators. With 
increasing support for the mobility of learning content, participants remarked on 
opportunities for customizing content according to user needs and experiences, 
particularly through intelligent learning systems, i.e.:

“The mobility of the content is everywhere like for example open education 
resource…mobile learning in the future will support the adoption and intel-
ligent learning system you can reach your content and your people every-
where anytime.” (Int_16)
most of the course[s] are on the mobile, so they interact more and more. The 
mobile is always with the student everywhere and every time.” (Int_2)



13129

1 3

Education and Information Technologies (2023) 28:13109–13151 

However, accessibility depends on support for compatibility and integration 
with older applications and devices, especially when segments of users own these 
types of applications and devices. The following excerpt from a Saudi Assistant 
Professor within a College of Business highlights this concern:

“The new software it is compatible with the smart phones but the old one 
it’s not.” (Int_27)

Another Qatari Lecturer of Educational Technology noted concerns regarding the 
selection of relevant mobile applications, i.e.:

“The problem is to choose the suitable application.” (Int_7)

Increasing numbers of applications creates ambiguity and disparity among the 
users with increased prospects for incompatibility. However, more challenging dis-
parities emerge in relation to generational gaps between teachers and students. Here, 
the concern is the link between age groups and familiarity with technologies. As 
suggested by the following excerpts, students tend to have greater command and 
knowledge of applications and devices in comparison to instructors who, during 
most of the interviews, indicated that applications tended to be difficult:

“Most of the students have modern mobiles more than the teaching staff them-
selves” (Int_30)
“Students can respond effectively to use the difficult mobile applications” 
(Int_1)

4.2  Quality attributes of social interaction

Next, the study finds quality attributes of social interaction. Table 4 shows that the 
attributes include (i) self-determined content and choices for diversity, (ii) program-
oriented discussions and dissemination for interconnectivity, (iii) Game-based mate-
rials and methods for simplicity, and (iv) self-confident participation and percep-
tions for sensitivity. The table outlines these themes and the next subsections present 
these findings.

4.2.1  Self‑determined content and choices for diversity

With focus on social interaction, the emphasis lies on personalized learning that 
enables diversity as a smart classroom quality with relative pros and cons. Diver-
sity of content with choices for users emerges from various attributes of the system 
such as the options, topics, and level of contents (Int_1), and the ability and learning 
behavior of the users (Int_2) (Int_4). This diversity enables the system to adapt to 
various contexts of individual users, as highlighted below:

“This is a great advantage that each student has an education suits his mental 
abilities, and his personal interests, and the system of education he prefers.” 
(Int_2)
“Technology cares about the individual differences between students.” (Int_24)
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In relation to the pros and cons of diversity, on the one hand, social interactions 
and interests thrive, as noted by a Qatari academician:

“Their engagement and motivation will be increased.” (Int_1)

However, on the other hand, increased interacts magnify workload for instruc-
tors as suggested by a Kuwaiti Professor for Curricula and Teaching Method & 
E-learning:

“It is a load on the instructors. Another challenge is the assessment problem. 
Because the system depends on exams, there is no space for assessment as we 
bounded by the final assessment.” (Int_9)

4.2.2  Program‑oriented discussions and dissemination for interconnectivity

Interviewees note that students’ interaction, focused on degree programs, happens 
through modes or touchpoints of interconnectivity as a smart classroom quality 
that lead to a variety of feelings and responses to interaction. These touchpoints 
involve modes or interfaces that support learning e.g. discussions, games, pro-
grams, interactivity, interactive smart boards, holograms, AR techniques, partici-
pation, mobile and social media, WhatsApp and discussion boards. The follow-
ing quote from a Kuwaiti academician suggests increased potential for learning 
derived from these different modes:

“There is unbelievable increase in the interactivity. I used the ‘AR’ tech-
nique in my book ‘educational technology encyclopedia’”. (Int_6)

In addition, interconnectivity using technology also stimulates various emo-
tions among users. Such emotions are usually expressed through words such as 
great, helpful, good and strong, better and interesting, freedom, know how, happy, 
and attractive, e.g.

“Using technology is very easy and better and interesting.” (Int_13)
“The interaction is great.” (Int_30)

Such emotion-led rhetoric creates a context for social interactions but also dif-
ferent challenges of assessments for the technology, i.e.

“So the interaction is very good and they are always co-operative. Technol-
ogy is always changing and developing so it is too hard to do an assessment 
for the technology.” (Int_24)

4.2.3  Games‑based materials and methods for simplicity

Within the study, an important emerging quality theme is simplicity as a smart 
classroom quality for content to enhance student involvement and pedagogy to 
ease integration of technology by instructors. Using interactive whiteboards, 
photos, maps, graphs, flowcharts (Int_1), the focus on simplification involves 
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adapting these tools for enhanced participation, games-based, and sometimes 
even easy and fun social interactions (Int_4). This simplicity-focused use of tools 
enables learners to find the in-class interaction more entertaining and the quizzes 
perceived as games. The following excerpts reflect these considerations:

“By using the smart classroom technology and interactive whiteboard the 
information can be demonstrated with the help of photos, maps, graphs 
and flowcharts. Of course, these options encourage the students to be more 
engaged. This makes learning more attractive and interesting and easy to 
understand because it encourages the students to have the ability to learn 
and memorize when the students have more options.” (Int_1)
“Sometimes you find students feel shy to participate or interact with you in 
the classroom. But when it comes to converting it into a game or something 
easy or funny for them, they can accept they interact with you within the 
classroom. You have to find the way to convert your material to be funny, 
and people these days and talking about gamification.” (Int_4)

Impacting simplification as a quality attribute is the learners’ and instructors’ 
attributes and habits. These attributes include discursive skills (Int_13), gender 
(Int_14), and preparation habits (Int_21). An Instructional Technology specialist 
discusses these other attributes and habits as follows:

“I depend on my skills to create harmony groups. It’s easy for me to communicate 
with the male students than the female ones because I know their way of thinking; 
I was going out with them to the locations during making videos. The gender is a 
very important factor in the social context because when I discussed my problem 
with my female colleague, she says that she didn’t face the same problem with the 
female students as I faced. So that may help you in your research context.” (Int_14)

4.2.4  Self‑confident participation and perceptions for sensitivity

Another theme from the interview concerns user attitude and awareness that creates 
a dilemma for using technology in learning. The interview suggests sensitivity as 
a smart classroom quality during social interaction as shaped by prolong trainings 
(Int_3), and making users feel at ease during interactions (Int_4) and developing 
positive attitudes (Int_15). For interviewees, attitudes shaped by participation and 
perception remain an issue of personalization for services, as argued below:

“Before the recent situation “Corona virus”, the participation or the behavior 
of the students with the online material it was not like now. But now I can tell 
you that all of our students are enjoying, and they are active, and they find it 
easy for them to participate online classes beside they don’t feel shy as in the 
classroom now it’s good for them to be behind the screen.” (Int_4)
“The perception itself goes to the issue of personalization. If our learners are 
satisfied with the services that you are offering to them in terms of the aca-
demic services, advising and counseling or the career advising or counseling, 
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so it depends on the dimensions of the service you are adopting or applying in 
your institution.” (Int_16)

In addition to the role of participation and perception in shaping sensitivity dur-
ing interactions, the analysis notes the role of social media, and budgets, as follows:

“I think our perceptions are based on student’s perceptions. From my side I see 
that students are very confident in using technology.” (Int_1)
“They are more attached to the social media more than available traditional 
platforms in the university.” (Int_21)
“The e-learning is already applied and equipped, but still the administrators 
are better than the students as they are few and in one building. The students 
are too many, so it requires a lot of money and a great economic budget for the 
university to equip 5 buildings for the students.” (Int_30)

4.3  Smart classroom contexts influencing the quality of education

Another set of themes from the study involves smart classroom contexts that 
influence the quality of teaching and learning. Here, the analysis of the inter-
view data identifies themes concerning strategy-oriented planning and priori-
ties for adaptability and cost-driven transformation and technologies for afford-
ability, as shown by Table 5.

4.3.1  Strategy‑oriented planning and priorities for adaptability

Viewed in the wider context of educational institutions, the future of smart 
classrooms depends on and demands strategies for adaptability as a smart 
classroom quality based on planning and prioritizing resources. For interview-
ees, clearly defined visions and missions are essential for successful smart 
classroom innovation in the  future (Int_6) (Int_17) (Int_23). Visions and mis-
sions with forecasts for the integration of disruptive technologies and pedago-
gies (e.g. holograms and multi class teachings) would require changes in rules 
and principles of education, i.e.

“If you don’t change your rules, if you don’t change your principles, it will stay 
as it is now, but I hope in the future it change.” (Int_18)
“We have something which is called the strategic planning. it concerns with 
the planning for the future.” (Int_23)

However, strategy planning has the limitation that it cannot predict the range of 
futuristic tools that could be available for smart classrooms, since

“We can’t talk about a definite tool because technology is changing and devel-
oping. So, the content is more important than the tool to apply” (Int_11).

Nonetheless, there is a need for adaptability using current tools and exploring 
options available for advancing smart classrooms such as
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“Blackboard, Microsoft teams, web-x. Now we have the ability to deal with all 
options, in case there is a problem with one tool we can go to the other tool.” 
(Int_1)
“There are many promises but in fact the applying of them is zero…We can’t 
talk about a definite tool because technology is changing and developing. So, 
the content is more important than the tool to apply.” (Int_11)

4.3.2  Cost‑driven transformation and technologies for affordability

Challengingly, the integration of new technologies for transforming conventional 
classrooms towards smart classrooms (or enhancing technologies in smart class-
rooms) is also a cost-driven concern. Thus, affordability as a smart classroom qual-
ity remains a focus for educational institutions with implications on the configura-
tion of resources and administrative readiness. Transformations require social actors 
and a culture that reinforces learning in smart classrooms. In this context, the argu-
ment is that technology adoption requires “both culture and policy” (Int_29) with 
the interviewees giving accounts and suggestions such as

“I faced a big challenge to convince students to use technology. They are 
impressed with technology but while applying they cannot. I tried to discover 
the reason and I found that the students have a problem in their culture itself.” 
(Int_6)
“you need to teach your staff about how not to use the program…You need to 
see whether the instructors can make them engaged. So, I think. This is the 
main barrier.” (Int_22)
“Regulations, cost and internal academic culture.” (Int_26)

Inevitably, resistance to transform conventional classrooms into smart classroom 
is an economic and readiness issue. Such concerns arise due to infrastructural needs 
(Int_7)(Int_12). Such infrastructural needs demand resources along with active pol-
icy, academic, and administrative support to achieve success, i.e.

“I think the infrastructure, and we are as professors we find it difficult to ask 
the females to turn on their cameras at home. As for the technical issues I find 
it easy in the university environment.” (Int_7)
“The society culture to accept technology. There is economic challenge as 
well. There must be infrastructure divided between the government and the 
parents. They must provide equipment, computers, smart devices….There 
must be training courses for students, instructors, and parents. There must be 
an educational material.” (Int_12)

5  Discussion

Technological advances have the potential to revolutionize teaching and learning. 
Importantly, the emergence of smart classroom remains at the center of ongoing 
transformations in the education sector. However, such transformations require joint 
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evaluation of the technological and social aspects of smart classrooms in pursuit of 
enhanced quality teaching and learning. As Kwet and Prinsloo (2020) noted, partici-
pants in smart classroom environment should collectively determine what ‘smart’ 
classrooms should be and how the phenomenon will develop. Motivated by this 
challenge, this study relied on findings from higher education teachers to utilize 
their exposure to smart classrooms. Notably, smart classrooms are inherently better 
than traditional classrooms if their superior features are utilized to ensure techno-
logical competencies, pedagogical competencies, social competences, and didactic 
competencies (Oubibi et al., 2022). However, having an optimal smart classroom is 
beyond developing a system design guaranteeing efficient and functional mode as 
Zheng et al. (2019) argued.

In designing the model that best illustrate effective smart classroom use, the 
interlinked nature of technological and social factors as well as the quality contexts 
should be evident in smart classroom management, administration, and policy. This 
view is different from Zheng et  al. (2019) who  focused on developing the smart 
learning system and from Dos Santos (2019) who focused on social factors only.

Technology forms the foundation upon which smart classroom use is based. 
Emphasis on technology should be on user security, educational intelligence, and 
technology accessibility. Among the measures to enhance the technology is to pro-
vide technical security support, develop a flexible analytics module, and ensure 
mobile application integration. However, pedagogical issues associated with reliance 
on technology to improve interactivity have attracted researchers’ attention. Ensuring 
students are focused and responsive in classroom contexts is among the most chal-
lenging tasks because it depends on various factors. The factors range from lecture 
delivery style, classroom events, experiences, and discussions (Kaur et al., 2022; Yu 
et al., 2022). Thus, smart classroom designs necessitate attention on the social fac-
tors that impact system diversity, interconnectivity, simplicity, and sensitivity in tan-
dem with technological factors. In this case, smart classroom use should be driven 
by self-determined choices and content, program-oriented discussions and dissemina-
tion, game-based resources and methods, and self-confident participation and percep-
tions. While interlinked, both technological and social factors operate under quality 
contexts shaped by system adaptability and platform affordability. Strategy-oriented 
planning and priorities together with cost-driven transformation and technologies 
play vital roles in determining the moderating role that quality contexts have on smart 
classroom quality. The findings of this study show that effective smart classroom use 
entails consideration of the revised conceptual model illustrated by Fig. 2. Figure 2 
was derived following reflections on the themes from the interviews, with considera-
tions for Fig. 1. The process involved analyzing the themes and splitting each theme 
into two concepts: (i) the first part of the theme that relates to management, policy, or 
administrative challenges, and (ii) the second part that considers attributes for users, 
systems, and platforms. In effect, the model regroups and frames smart classroom use 
as a function of management and quality factors. 

The findings of this study, as presented in the revised conceptual model of Fig. 2, 
suggest considerations for effective smart classroom use. The figure reaffirms the sug-
gested influence of socio-technological factors required for achieving smart classroom 
quality, as proposed by Fig.  1. However, the revised model additionally considers 
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quality contexts according to the adaptability and affordability of systems. The next 
subsections discuss the theoretical and practical implications of this research.

5.1  Theoretical implications and significance

From a theoretical perspective, this study implies that smart classroom quality 
poses a research challenge central to the quality of education in the  21st century and 
that quality attributes from a socio-technological perspective are essential to smart 
classroom design. This study makes theoretical contributions in three ways. First, 
while various studies seek to examine the determinants of IT innovation adoption, 
limited emphasis has been on the design for smart classrooms (Dong et al., 2019; 
Wu, 2016). Since smart classrooms are fundamentally innovations for education, 
most studies have focused on investigating adoption of smart classrooms as innova-
tion with the main interest being on the diffusion among educational institutions. 
This study adopts a different approach by focusing on aspects that influence smart 
classroom design by considering technology and social factors. Considering smart 
classrooms as technology-rich classrooms, the findings of this study offer quality 
attributes to study and evaluate spatial designs and technology equipment use in 
strategies, models and inventory for modern classrooms and learning systems.

Second, this study complements existing research suggesting that performance 
of smart classrooms depends on the integration of new management systems and 
services to facilitate implementation (Aguilar et al., 2018; Uskov et al., 2019). The 
interview findings reveal that smart classroom involves implementing modern ICTs 
in a particular social context to increase collaboration and innovation, ensure better 
communication between teachers and learners, and enhance the overall efficiency 

Fig. 2  Revised Conceptual Framework for Smart Classroom Use
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of learning. In practice, management services and systems assume a central role in 
facilitating interactions with classroom content and easing learning content creation 
and sharing. This research argues that the effectiveness of smart classrooms depends 
on both monitoring activities of learners and harnessing the capacity to track pro-
gress in learning using smart teaching and learning applications. In this context, the 
management aspect of interest in smart classrooms requires teachers to be able to 
use evaluation and monitoring functionalities to assess individuals’ performance, 
create interactive lesson plans, and run surveys to inform appropriate changes.

Third, the findings of this study support the need for institutions and researchers 
to shed light on future smart classroom innovation factors to accommodate inevita-
ble advances in technology, as suggested by previous studies (Li-Shing et al. 2019; 
Cebrián et  al., 2020). The objective should be to improve technical security sup-
port, have a more flexible analytics module, and guarantee superior mobile appli-
cation integration to ensure streamlined running of smart classrooms. Such need 
arises because the phenomenon of smart classrooms is still in the early stages of 
development. Thus, research pursuits on the quality of smart classrooms should fac-
tor systems and services together with evolving technology and design. Attention to 
emerging technologies with prospects for smart classroom innovation should inform 
the strategy that educational stakeholders adopt in their pursuit of quality.

5.2  Practical implications and significance

Effective teacher preparation assumes a central role in determining learning out-
comes (Paraschivescu & Savga, 2016). Consequently, the success of smart class-
rooms remains pegged to the extent to which teachers can comfortably use smart 
teaching and learning systems. The implication is that adminstrators should pay 
close attention to the ease with which educators use smart technologies to boost 
adoption, diffusion, and utilization. Furthermore, adminstrators should realize the 
effectiveness of smart classroom learning significantly relies on the extent they 
ensure learners make self-determined choices and content, engage in program-ori-
ented discussions and dissemination, utilize game-based resources and methods, and 
exude self-confident participation and perceptions. The integration of smart class-
rooms training programs for instructors can be vital to deal with potential resistance 
to change among users captured in this study. Importantly, attention to teachers’ 
training remains vital to ensure the education institutions sustain competitiveness in 
providing superior educational services.

The findings of this study stress the need for quality attributes as factors that sig-
nificantly influence smart classrooms adoption. The focus is to have an affordable 
platform and adapt its system to ensure optimal effectiveness in learning. Awareness 
of quality attributes should serve as the basis for regional considerations concern-
ing infrastructural and technical support for education. In this study, insights emerge 
from the GCC region with practical implications to harness the findings for strat-
egy-oriented planning and cost-driven transformations with technical support for 
boosting the quality of education. Overall, competence in technical aspects of smart 
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classroom systems remains a priority for the region to solve critical problems facing 
educational institutions in GCC countries effectively (Al-Hunaiyyan et al., 2017).

This study addresses the research objective on what academics consider impor-
tant for ensuring quality of the design spaces, configurations, and environments 
of smart classrooms. Policies on smart classroom use should concurrently include 
technological factors, social factors, and quality contexts for the concept to effec-
tively develop higher-order thinking and metacognition among learners and to uti-
lize interactions effectively. Consistent with Dong et al. (2019), the design spaces, 
configurations, and environments of smart classrooms should reflect these consid-
erations. The awareness of these considerations further helps meet objectives of sen-
sitizing policymakers. The study provides a comprehensive perspective on measures 
that policymakers can advance to realize seamless adoption of smart classroom use. 
Technology adoption especially in higher education is inevitable and the study offers 
valuable insights that policymakers and administrators could consider for ensuring 
quality education in smart classroom.

Finally, this study advocates for socio-technological quality as an avenue for ensur-
ing fit or alignment of tasks with technology for educational stakeholders i.e., instruc-
tors, learners, administrators, etc. This fit has implications for smart classroom devel-
opers to produce systems that support higher-order thinking and TQM4E. The study 
implies that administrators, governments, and developers should factor the quality of 
technology platforms and social interactions in strategies, policies and designs for 
educational programs and curriculum that involve smart classrooms and for boost-
ing the adoption, diffusion, and utilization of smart classrooms. This research urges 
developers to analyze user behaviors beforehand and to customize technologies for 
smart classroom to ensure fit with unique tasks conducted in educational contexts. 
Therefore, smart classrooms should exhibit social compatibility with respective insti-
tutions and their systems. Overall, focus on smart classroom quality means that edu-
cational institutions need to make necessary changes to improve the compatibility 
of smart classrooms with respect to IT systems and user behaviors. The complexity 
of smart classrooms due to a wide range of integrated systems and services could 
impede decisions to use smart classroom particularly with organizational resistance 
to change for some educational institutions.

5.3  Research limitations

This research has several limitations that result from constraints during data collec-
tion, focus on the GCC region, and the qualitative nature of the study. Data collec-
tion was through virtual interviews as part of the “social distancing” measures meant 
to curb the spread of COVID-19. Consistent with Krouwel et al. (2019), the viewing 
perspective in virtual interviews limits access to body language. Reliance on camera 
implies that both the interviewer and interviewees contend with peculiar eye con-
tacts. Moreover, virtual interviewing increases the likelihood of social interruptions 
because the interviewer and interviewee are in separate locations. The study is also 
limited to a socio-technological context for quality concerning smart classrooms. 
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Economic and ecological concerns are examples of some other potentially influenc-
ing factors. Focusing on barriers or inhibitors to smart classroom quality could shed 
light on the implications of failure due to inadequate staff training, lack of resources, 
and burnout due to heavy workloads. In addition, the research gathers insights from 
academicians in GCC countries with potential issues in interpreting and general-
izing the findings elsewhere. Furthermore, the non-random sample used does not 
reflect general education stakeholders. Failure to randomize the sample potentially 
introduces the risk of bias with implications on the generalization potentials to a 
broader population because the non-random sampling introduces biases and poten-
tially skews the findings. Another critical limitation of the study is its adoption of a 
qualitative methodology. The main concern in using qualitative methodology again 
relates to the validity of generalizing results to the larger population. The need for 
quantitative inquiry, e.g., through a survey, remains. Despite these, the explora-
tory nature of this study and richness of qualitative data offers potential to advance 
knowledge to improve the quality of smart classrooms.

6  Conclusion

This study investigated the current status of smart classrooms and identified tech-
nological and social factors impacting the quality of education in smart classrooms. 
Using interviews with academicians in higher education within the GCC region, the 
study found three quality attributes (user security, educational intelligence and tech-
nology accessibility) associated with technological factors and four quality attrib-
utes for social factors (system diversity, interconnectivity, simplicity and sensitivity) 
(addressing RQ1). The study also identified two quality attributes (system adaptabil-
ity and platform affordability) for smart classroom contexts that influence the quality 
of education. The study suggests that the challenge is for policy-making to influence 
quality attributes through strategy-oriented planning and priorities and cost-driven 
transformation and technologies (addressing RQ2). The implication from this is 
that the management strategy employed in adopting smart classroom determines the 
achievement of technology alignment and adoption.

The findings from this study are crucial for successful implementation of smart 
classrooms against the socio-technological challenges identified. Successful adop-
tion of smart classrooms depends on addressing both social and technological 
dimensions of quality. Due to the limited focus on socio-technological factors in 
the GCC region and the qualitative nature of the study, future research should 
quantitatively test socio-technological dimensions of quality for smart classrooms 
in wider geographical contexts. New challenges associated with quality attributes 
could also be the subject of future studies. Further studies could examine learner 
(and other stakeholders such as administrators) contexts and additional dimensions 
for smart classroom quality e.g., economic and ecological perspectives.

The study suggests that multiple dimensions of ensuring quality in smart class-
rooms are subject of growing significance as the popularity of smart classroom 
rises. However, this study relies on qualitative insights 31 participants. Accordingly, 
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the sample could be enlarged in future studies and more sophisticated data analysis 
methods adopted. Furthermore, future studies can conduct comparative exploration 
of the quality of learning  and  interaction patterns of variables should particularly 
receive attention in future studies. Moreover, further studies could investigate ways 
of improving teachers’ competency amid insights gained from this study.

Appendix

Sample case study questions

Background questions

1) What is your name, position in the university?
2) How long you have work in the university? And within your current position?

Technological factors

1) What security measures are important for using technology in classrooms? And 
for smart classrooms?

2) How important are system analytics in teaching and learning? And for use in 
smart classroom?

3) How important is support for mobile applications in applying smart classroom 
for learning and teaching?

Social factors

1) What are the benefit and the challenges for personalized learning through smart 
classroom?

2) How is student interaction influenced by the presence or use of smart room tech-
nology?

3) Do you find that students are more engaged if you use smart room technologies 
(such as projecting images or videos, sound using speakers, etc.)?

4) What is your perception of students’ attitudes towards the use of technology in 
the classroom?

Data availability All data generated or analysed during this study are included in this published article 
(and its supplementary information files).



13146 Education and Information Technologies (2023) 28:13109–13151

1 3

Declarations 

Conflicts of interests/ Competing interests The authors have no conflicts of interest to declare that are 
relevant to the content of this article.

References

Abdellatif, I. (2019). Towards a novel approach for designing smart classrooms. 2019 IEEE 2nd Inter-
national Conference on Information and Computer Technologies, (pp. 280–284). https:// doi. 
org/ 10. 1109/ INFOCT. 2019. 87113 55.

Aguilar, Jose, Cordero, J., & Buendía, O. (2017). Specification of the autonomic cycles of learn-
ing analytic tasks for a smart classroom. Journal of Educational Computing Research, 56(6), 
866–891.

Aguilar, J., Sa´nchez, M., Cordero, J., ´az, P. V.-D., Barba-Guama´n, L., & Chamba-Eras, L. (2018). 
Learning analytics tasks as services in smart classrooms. Universal Access in the Information 
Society, 17(4), 693–709. https:// doi. org/ 10. 1007/ s10209- 017- 0525-0.

Adams, W. C. (2015). Chapter nineteen: Conducting semi-structured interviews. In K. E. Newcomer, 
H. P. Hatry, & J. S.   Wholey (Ed.), Handbook of Practical Program Evaluation (pp. 492–505). 
Jossey-Bass.

Alfoudari, A. M., Durugbo, C. M., & Aldhmour, F. M. (2021). Understanding socio-technological chal-
lenges of smart classrooms using a systematic review. Computers & Education, 173, 104282. 
https:// doi. org/ 10. 1016/j. compe du. 2021. 104282.

Alghamdi, N., & Altameem, A. (2019). Constraints and reasons that prevent the implementation the 
smart classrooms at education in Saudi Arabia: South governorates and villages. International 
Journal of Recent Technology and Engineering (IJRTE), 7(6), 899–901.

Alhojailan, M. I. (2012). Thematic analysis: A critical review of its process and evaluation. West East 
Journal of Social Sciences, 1(1), 39–47.

Al-Hunaiyyan, A., Al-Sharhan, S., & Alhajri, R. (2017). A new mobile learning model in the context 
of the smart classrooms environment: A holistic approach. International Journal of Interactive 
Mobile Technologies (iJIM), 11(3), 39–56. https:// doi. org/ 10. 3991/ ijim. v11i3. 6186.

Akareem, H. S., & Hossain, S. S. (2016). Determinants of education quality: What makes students’ percep-
tion different? Open Review of Educational Research, 3(1), 52–67. https:// doi. org/ 10. 1080/ 23265 507. 
2016. 11551 67.

AlMalki, H. A., & Durugbo, C. M. (2023). Evaluating critical institutional factors of Industry 4.0 for educa-
tion reform. Technological Forecasting and Social Change, 188, 122327. https:// doi. org/ 10. 1016/j. 
techf ore. 2023. 122327.

Al-Qirim, N. (2011). Determinants of interactive white board success in teaching in higher education 
institutions. Computers & Education, 56(3), 827–838. https:// doi. org/ 10. 1016/j. compe du. 2010. 10. 
024.

Al-Sharhan, S. (2016). Smart classrooms in the context of technology-enhanced learning (TEL) envi-
ronments. In M. A. Alshahran (Ed.), Transforming education in the Gulf Region:Emerging learn-
ing technologies and innovative pedagogy for the 21st century. Taylor & Francis, London (pp. 
216–242).

Aziz, S., Mahmood, M., & Bano, S. (2018). Total quality management: A frame work for higher educa-
tion institution. Journal of Research in Social Sciences, 6(1), 124–141.

Baran, M., & Jones, J. (2016). Mixed methods research for improved scientific study. Information Science 
Reference.

Benakli, N., Kostadinov, B., Satyanarayana, A., & Singh, S. (2016). Introducing computational think-
ing through hands-on projects using R with applications to calculus, probability and data analy-
sis. International Journal of Mathematical Education in Science and Technology, 48(3), 393–427. 
https:// doi. org/ 10. 1080/ 00207 39x. 2016. 12542 96.

Bognar, B., Sablić, M., & Škugor, A. (2019). Flipped learning and online discussion in higher educa-
tion teaching. In Daniela, L. (Ed.) Didactics of smart pedagogy, Springer Nature, Switzerland (pp. 
371–392). https:// doi. org/ 10. 1007/ 978-3- 030- 01551-0_ 19.

https://doi.org/10.1109/INFOCT.2019.8711355
https://doi.org/10.1109/INFOCT.2019.8711355
https://doi.org/10.1007/s10209-017-0525-0
https://doi.org/10.1016/j.compedu.2021.104282
https://doi.org/10.3991/ijim.v11i3.6186
https://doi.org/10.1080/23265507.2016.1155167
https://doi.org/10.1080/23265507.2016.1155167
https://doi.org/10.1016/j.techfore.2023.122327
https://doi.org/10.1016/j.techfore.2023.122327
https://doi.org/10.1016/j.compedu.2010.10.024
https://doi.org/10.1016/j.compedu.2010.10.024
https://doi.org/10.1080/0020739x.2016.1254296
https://doi.org/10.1007/978-3-030-01551-0_19


13147

1 3

Education and Information Technologies (2023) 28:13109–13151 

Caruana, A. (2002). Service loyalty: The effects of service quality and the mediating role of customer 
satisfaction. European Journal of Marketing, 36(7/8), 811–828.

Cebrián, G., Palau, R., & Mogas, J. (2020). The smart classroom as a means to the development of ESD 
methodologies. Sustainability, 12(7). https:// doi. org/ 10. 3390/ su120 73010.

Chamba-Eras, L., Aguilar, J., Guamán, L. R., & Valdiviezo-Diaz, P. (2018). Learning analytics tasks as 
services in smart classrooms. Universal Access in the Information Society, 17(4), 693–709. https:// 
doi. org/ 10. 1007/ s10209- 017- 0525-0.

Cheng, Y. C., & Tam, W. M. (1997). Multi-models of quality in education. Quality Assurance in Educa-
tion, 5(1), 22–31. https:// doi. org/ 10. 1108/ 09684 88971 01565 58.

Cheong, K. H., & Koh, J. M. (2018). Integrated virtual laboratory in engineering mathematics education: 
Fourier theory. IEEE Access, 6, 58231–58243. https:// doi. org/ 10. 1109/ access. 2018. 28738 15.

Cheung, S. K., & Wang, F. L. (2021). The continuous pursuit of smart learning. Australasian Journal of 
Educational Technology, 37(2), 1–6. https:// doi. org/ 10. 14742/ ajet. 7207.

Choi, K., & Suk, H.-J. (2016). Dynamic lighting system for the learning environment: performance of 
elementary students. Optics Express, 24(10), A907. https:// doi. org/ 10. 1364/ oe. 24. 00a907.

Dai, S. (2019). ARS interactive teaching mode for financial accounting course based on smart classroom. 
International Journal of Emerging Technologies in Learning (IJET), 14(03), 38–50. https:// doi. 
org/ 10. 3991/ ijet. v14i03. 10104.

Dai, Z., Sun, C., Zhao, L., & Li, Z. (2021). Assessment of smart learning environments in higher educa-
tional institutions: A study using AHP-FCE and GA-BP methods. IEEEAccess, 9, 35487–35500. 
https:// doi. org/ 10. 1109/ ACCESS. 2021. 30626 80.

Di, W., Danxia, X., & Chun, L. (2019). The effects of learner factors on higher-order thinking in the 
smart classroom environment. Journal of Computers in Education, 6, 483–498. https:// doi. org/ 10. 
1007/ s40692- 019- 00146-4.

Dong, H. J., Abdulla, R., Selvaperumal, S. K., Duraikannan, S., Lakshmanan, R., & Abbas, M. K. (2019). 
Interactive on smart classroom system using beacon technology. International Journal of Elec-
trical and Computer Engineering (IJECE), 9(5), 4250–4257. https:// doi. org/ 10. 11591/ ijece. v9i5. 
pp4250- 4257.

Dos Santos, L. M. (2019). Science lessons for non-science university undergraduate students: An applica-
tion of visual-only video teaching strategy. Journal of Engineering and Applied Sciences, 14(1), 
308–311.

Dutta, J., Roy, S., & Chowdhury, C. (2018). Unified framework for IoT and smartphone based different 
smart city related applications. Microsystem Technologies, 25(1), 83–96. https:// doi. org/ 10. 1007/ 
s00542- 018- 3936-9.

Elman, C., Gerring, J., & Mahoney, J. (2020). The production of knowledge: Enhancing progress in 
social science. Cambridge University Press.

Flavin, M., & Quintero, V. (2018). UK higher education institutions’ technology-enhanced learning strat-
egies from the perspective of disruptive innovation. Research in Learning Technology, 26. https:// 
doi. org/ 10. 25304/ rlt. v26. 1987.

Friese, S. (2019). Qualitative data analysis with ATLAS. ti. Sage, London.
Garrison, G. (2009). An assessment of organizational size and sense and response capability on the early 

adoption of disruptive technology. Computers in Human Behavior, 25(2), 444–449.
Gligorić, N., Uzelac, A., & Krco, S. (2012). Smart classroom: Real-time feedback on lecture qual-

ity.  2012 IEEE International Conference on Pervasive Computing and Communications Work-
shops, Lugano, Switzerland, 19-23 March 2012 (p. 391–394). https:// doi. org/ 10. 1109/ PerCo mW. 
2012. 61975 17.

Gligorić, N., Uzelac, Krco, S., Kovacevic, I., & Nikodijevic, A. (2015). Smart classroom system for 
detecting level of interest a lecture creates in a classroom. Journal of Ambient Intelligence and 
Smart Environments, 7, 271–284. https:// doi. org/ 10. 3233/ AIS- 150303.

Godlewska, A., Beyer, W., Whetstone, S., Schaefli, L., Rose, J., Talan, B., Kamin-Patterson, S., Lamb, C., & 
Forcione, M. (2019). Converting a large lecture class to an active blended learning class: why, how, 
and what we learned. Journal of Geography in Higher Education, 43(1), 96–115. https:// doi. org/ 10. 
1080/ 03098 265. 2019. 15700 90.

Gray, D. E. (2013). Theoretical perspectives and research methodologies. In D. E. Gray (Ed.),  Doing 
research in the real world (pp. 15–38). SAGE Publication.

Gros, B. (2016). The design of smart educational environments. Smart Learning Environments, 3(1), 
1–11.

https://doi.org/10.3390/su12073010
https://doi.org/10.1007/s10209-017-0525-0
https://doi.org/10.1007/s10209-017-0525-0
https://doi.org/10.1108/09684889710156558
https://doi.org/10.1109/access.2018.2873815
https://doi.org/10.14742/ajet.7207
https://doi.org/10.1364/oe.24.00a907
https://doi.org/10.3991/ijet.v14i03.10104
https://doi.org/10.3991/ijet.v14i03.10104
https://doi.org/10.1109/ACCESS.2021.3062680
https://doi.org/10.1007/s40692-019-00146-4
https://doi.org/10.1007/s40692-019-00146-4
https://doi.org/10.11591/ijece.v9i5.pp4250-4257
https://doi.org/10.11591/ijece.v9i5.pp4250-4257
https://doi.org/10.1007/s00542-018-3936-9
https://doi.org/10.1007/s00542-018-3936-9
https://doi.org/10.25304/rlt.v26.1987
https://doi.org/10.25304/rlt.v26.1987
https://doi.org/10.1109/PerComW.2012.6197517
https://doi.org/10.1109/PerComW.2012.6197517
https://doi.org/10.3233/AIS-150303
https://doi.org/10.1080/03098265.2019.1570090
https://doi.org/10.1080/03098265.2019.1570090


13148 Education and Information Technologies (2023) 28:13109–13151

1 3

Gupta, S. K., Ashwin, T. S., & Guddeti, R. M. R. (2019). Students’ affective content analysis in smart 
classroom environment using deep learning techniques. Multimedia Tools and Applications, 
78(18), 25321–25348. https:// doi. org/ 10. 1007/ s11042- 019- 7651-z.

Haseena, V. A., & Mohammed, A. P. (2015). Aspects of quality in education for the improvement of edu-
cational scenario. Journal of Education and Practice, 6(4), 100–105.

Herzog, C., Handke, C., & Hitters, E. (2019). Analyzing talk and text II: Thematic analysis. In Van den 
Bulck, H., Puppis, M., Donders, K. & Van Audenhove, L. (Eds.) The Palgrave handbook of meth-
ods for media policy research (pp. 385–401). Palgrave Macmillan, Cham.

Huang, L.-S., Su, J.-Y., & Pao, T.-L. (2019). A context aware smart classroom architecture for smart cam-
puses. Applied Sciences, 9. https:// doi. org/ 10. 3390/ app90 91837.

Jia, Y. (2022). Exploratory research on the practice of college English classroom teaching based on inter-
net and artificial intelligence. Security and Communication Networks, 2022.  https:// doi. org/ 10. 
1155/ 2022/ 71336 54.

Jo, J., & Lim, H. (2015). A Study on Effectiveness of Smart Classrooms Through Interaction Analysis. 
Advanced Science Letters, 21(3), 557–561. https:// doi. org/ 10. 1166/ asl. 2015. 5826.

Johnes, J., Portela, M., & Thanassoulis, E. (2017). Efficiency in education. Journal of the Operational 
Research Society, 68, 331–338.

Johnston, R., & Clark, G. (2008). Service operations management: improving service delivery. Pearson 
Education.

Jun, W., & Hong, S.-K. (2014). A study on development of quality standards of educational smart con-
tents. KSII Transactions on Internet and Information Systems, 8(6), 2152–2170. https:// doi. org/ 10. 
3837/ tiis. 2014. 06. 020.

Juran, J. M. (1999). How to think about quality. In J. M. Juran, & A. B. Godfrey (Eds.), Juran’s quality 
handbook (pp. 2.1–2.18). McGraw-Hill.

Kaur, A., Bhatia, M., & Stea, G. (2022). A survey of smart classroom literature. Education Sciences, 
12(2). https:// doi. org/ 10. 3390/ educs ci120 20086.

Krouwel, M., Jolly, K., & Greenfield, S. (2019). Comparing Skype (video calling) and in-person qualita-
tive interview modes in a study of people with irritable bowel syndrome – an exploratory compara-
tive analysis. BMC Medical Research Methodology, 19(219), 1–9.

Krummheuer, A., Rehm, M., Lund, M., & Nielsen, K. (2018). The chance for sociability. How participa-
tion and interaction structures of adolescents with brain injury on an institutional corridor inform 
smart learning ecosystems. Interaction Design and Architecture(s), 39, 78–89.

Kumara, W. G. C. W., Wattanachote, K., Battulga, B., Shih, T. K., & Hwang, W.-Y. (2015). A Kinect-
Based Assessment System for Smart Classroom. International Journal of Distance Education 
Technologies, 13(2), 34–53. https:// doi. org/ 10. 4018/ ijdet. 20150 40103.

Kuppusamy, P. (2020). Emerging technologies to smart education. International Journal of Computer 
Trends and Technology, 68(2), 5–16.

Kwet, M., & Prinsloo, P. (2020). The ‘smart’ classroom: A new frontier in the age of the smart university. 
Teaching in Higher Education, 25(6). https:// doi. org/ 10. 1080/ 13562 517. 2020. 17349 22.

Lavigne, H. J., Lewis-Presser, A., & Rosenfeld, D. (2020). An exploratory approach for investigating the 
integration of computational thinking and mathematics for preschool children. Journal of Digital 
Learning in Teacher Education, 36(1), 63–77. https:// doi. org/ 10. 1080/ 21532 974. 2019. 16939 40.

Lee, A. (2015). Authentication scheme for smart learning system in the cloud computing environment. 
Journal of Computer Virology and Hacking Techniques, 11(3), 149–155. https:// doi. org/ 10. 1007/ 
s11416- 015- 0240-4.

Lee, H., Chang, H., & Bryan, L. (2020). Doctoral students’ learning success in online-based leadership 
programs: Intersection with technological and relational factors. International Review of Research 
in Open and Distributed Learning, 21(1). https:// doi. org/ 10. 19173/ irrodl. v20i5. 4462.

Li, Y., Yang, H. H., MacLeod, J., & Dai, J. (2019). Developing the rotational synchronous teaching (RST) 
model: Examination of the connected classroom climate. Australasian Journal of Educational 
Technology, 35(1), 116–134.

Li-Shing, H., Jui-Yuan, S., & Tsang-Long, P. (2019). A context aware smart classroom architecture for 
smart campuses. Applied Sciences, 9(9). https:// doi. org/ 10. 3390/ app90 91837.

Liu, D., Huang, R., & Wosinski, M. (2017). Smart learning in cities. Springer, Cham.
Lu, K., Yang, H. H., Shi, Y., & Wang, X. (2021). Examining the key influencing factors on college stu-

dents’ higher-order thinking skills in the smart classroom environment. International Journal of Edu-
cational Technology in Higher Education, 18(1), 1–13. https:// doi. org/ 10. 1186/ s41239- 020- 00238-7.

https://doi.org/10.1007/s11042-019-7651-z
https://doi.org/10.3390/app9091837
https://doi.org/10.1155/2022/7133654
https://doi.org/10.1155/2022/7133654
https://doi.org/10.1166/asl.2015.5826
https://doi.org/10.3837/tiis.2014.06.020
https://doi.org/10.3837/tiis.2014.06.020
https://doi.org/10.3390/educsci12020086
https://doi.org/10.4018/ijdet.2015040103
https://doi.org/10.1080/13562517.2020.1734922
https://doi.org/10.1080/21532974.2019.1693940
https://doi.org/10.1007/s11416-015-0240-4
https://doi.org/10.1007/s11416-015-0240-4
https://doi.org/10.19173/irrodl.v20i5.4462
https://doi.org/10.3390/app9091837
https://doi.org/10.1186/s41239-020-00238-7


13149

1 3

Education and Information Technologies (2023) 28:13109–13151 

Maguire, M., & Delahunt, B. (2017). Doing a thematic analysis: A practical step by step guide for learn-
ing and teaching scholars. AISHE-J, 8(3), 3351–3364.

Marcellus, R., & Ghrayeb, O. (2015). MaEffects of smart classrooms on learning and teaching effective-
ness: The students’ point of view. Northern Illinois University. Retrieved February 1, 2019, from 
file:///C:/Users/samsung/Downloads/effects-of-smart-classrooms-on-learning-and-teaching-effec-
tiveness-the-students-point-of-view.pdf.

Milenkovska, V., & Novkovska, B. (2019). How to build total quality management system for higher edu-
cation in a small country. UTMS Journal of Economics, 10(2), 227–235.

Miraoui, M. (2018). A context-aware smart classroom for enhanced learning environment. Interna-
tional Journal on Smart Sensing and Intelligent Systems, 1–11, 1–8. https:// doi. org/ 10. 21307/ 
ijssis- 2018- 007.

Munawar, S., Toor, S. K., Aslam, M., & Hamid, M. (2018). Move to smart learning environment: Explor-
atory research of challenges in computer laboratory and design intelligent virtual laboratory for 
e-learning technology. Eurasia Journal of Mathematics, Science and Technology Education, 14(5), 
1645–1662. https:// doi. org/ 10. 29333/ ejmste/ 85036.

Nishantha, G., Pishva, D., & Hayashida, Y. (2009). Smart classrooms: Architectural requirements and 
deployment issues. 2008 IEEE Region 10 Colloquium and the Third ICIIS, (pp. 1–6). 8-10 Decem-
ber 2008, Kharagpur, India. https:// doi. org/ 10. 1109/ ICIIN FS. 2008. 47984 37.

Nishishiba, M., Jones, M. A., & Kraner, M. A. (2014). Research methods and statistics for public and 
nonprofit administrators: A practical guide. SAGE Publications, Inc., London.

Oakland, J. (2003). Total quality management: Text with cases (3rd ed.). Butterworth Heinemann.
OECD. (2016). Innovating education and educating for innovation: The power of digital technologies. 

OECD Publishing.
Oubibi, M., Zhao, W., Wang, Y., Zhou, Y., Jiang, Q., & Li, Y. (2022). Advances in research on technolog-

ical, pedagogical, didactical, and social competencies of preservice TCFL teachers. Sustainability, 
14(4). https:// doi. org/ 10. 3390/ su140 42045.

Ouf, S., AbdEllatif, M., Salama, S. E., & Helmy, Y. (2016). A proposed paradigm for smart learning 
environment based on semantic web. Computers in Human Behavior, 72, 796–818. https:// doi. org/ 
10. 1016/j. chb. 2016. 08. 030.

Panasuk, R. M., & Lewis, S. (2012). Constructivism: Constructing meaning or making sense? Interna-
tional Journal of Humanities and Social Sciences, 2(20), 1–11.

Papadakis, A., Tsalera, E., & Samarakou, M. (2019). Survey on sound and video analysis methods for 
monitoring face-to-face module delivery. International Journal of Emerging Technologies in 
Learning (IJET), 14(08), 229–240. https:// doi. org/ 10. 3991/ ijet. v14i08. 9813.

Paraschivescu, A. O., & Savga, L. (2016). Quality education. Economy Transdisciplinarity Cognition, 
19(2), 7–13.

Perdomo-Ortiz, J., Gonza´lez-Benito, J., & Galende, J. (2006). Total quality management as a forerunner 
of business innovation capability. Technovation, 26(10), 1170–1185. https:// doi. org/ 10. 1016/j. techn 
ovati on. 2005. 09. 008.

Petchamé, J., Iriondo, I., Villegas, E., Riu, D., & Fonseca, D. (2021). Comparing face-to-face, emergency 
remote teaching and smart classroom: A qualitative exploratory research based on students’ experi-
ence during the COVID-19 pandemic. Sustainability, 13(12). https:// doi. org/ 10. 3390/ su131 26625.

Pingxiao, W. (2017). Research on the English teaching and autonomous learning based on multimedia 
platform and smart classroom system. International Journal of Multimedia and Ubiquitous Engi-
neering, 12(1), 351–362. https:// doi. org/ 10. 14257/ ijmue. 2017. 12.1. 30.

Pirahandeh, M., & Kim, D.-H. (2015). Energy-aware and intelligent storage features for multimedia 
devices in smart classroom. Multimedia Tools and Applications, 76(1), 1139–1157. https:// doi. org/ 
10. 1007/ s11042- 015- 3019-1.

Pishva, D. (2007). Smart classrooms bring top-quality education around the globe. Proceedings of the 
2007 International Symposium on Applications and the Internet Workshops (SAINTW’07). IEEE.

Pishva, D., & Nishantha, G. G. (2008). Smart classrooms for distance education and their adoption to 
multiple classroom architecture. Journal of Networks, 3(5), 54–64.

Popova, O., Shevtsov, Y., Popov, B., Karandey, V., & Klyuchko, V. (2018). Theoretical propositions 
and practical implementation of the formalization of structured knowledge of the subject area for 
exploratory research. In International Conference on Intelligent Human Systems Integration. Janu-
ary 7-9, 2018, Dubai, United Arab Emirates (pp. 432–437).

https://doi.org/10.21307/ijssis-2018-007
https://doi.org/10.21307/ijssis-2018-007
https://doi.org/10.29333/ejmste/85036
https://doi.org/10.1109/ICIINFS.2008.4798437
https://doi.org/10.3390/su14042045
https://doi.org/10.1016/j.chb.2016.08.030
https://doi.org/10.1016/j.chb.2016.08.030
https://doi.org/10.3991/ijet.v14i08.9813
https://doi.org/10.1016/j.technovation.2005.09.008
https://doi.org/10.1016/j.technovation.2005.09.008
https://doi.org/10.3390/su13126625
https://doi.org/10.14257/ijmue.2017.12.1.30
https://doi.org/10.1007/s11042-015-3019-1
https://doi.org/10.1007/s11042-015-3019-1


13150 Education and Information Technologies (2023) 28:13109–13151

1 3

Rajesh, R., & Reena, M. (2015). A review on worksystem interactions in a technology enabled class 
room. International Journal of Technology Enhanced Learning, 7(2), 99. https:// doi. org/ 10. 1504/ 
ijtel. 2015. 072026.

Sahney, S., Banwet, D. K., & Karunes, S. (2006). An integrated framework for quality in education: 
Application of quality function deployment, interpretive structural modelling and path analysis. 
Total Quality Management & Business Excellence, 17(2), 265–285.

Said, O., & Albagory, Y. (2016). Internet of Things-Based Free Learning System: Performance Evalua-
tion and Communication Perspective. IETE Journal of Research, 63(1), 31–44. https:// doi. org/ 10. 
1080/ 03772 063. 2016. 12295 82.

Sallis, E. (2014). Total quality management in education. Routledge.
Saraubon, K. (2019). Learning media repository and delivery system for smart classroom using IoT and 

mobile technologies. International Journal of Interactive Mobile Technologies (IJIM), 13(02), 66. 
https:// doi. org/ 10. 3991/ ijim. v13i02. 9941.

Saura, J. R., Ribeiro-Soriano, D., & Saldaña, P. Z. (2022). Exploring the challenges of remote work on 
Twitter users’ sentiments: From digital technology development to a post-pandemic era. Journal of 
Business Research, 142(1), 242–254. https:// doi. org/ 10. 1016/j. jbusr es. 2021. 12. 052.

Selim, H. M., Eid, R., & Agag, G. (2020). Understanding the role of technological factors and external 
pressures in smart classroom adoption. Education + Training, 62(6), 631-644. https:// doi. org/ 10. 
1108/ ET- 03- 2020- 0049.

Sevindik, T. (2010). Future’s learning environments in health education: The effects of smart classrooms 
on the academic achievements of the students at health college. Telematics and Informatics, 27(3), 
314–322. https:// doi. org/ 10. 1016/j. tele. 2009. 08. 001.

Shahkarami, Z., Amani, A., Yazdani, A., & Jahandideh, M. A. (2015). The role of educational technology 
and smart classroom in learning and quality of teaching physical education in high school female 
students. Basic Research Journal of Education Research and Review, 4(4), 66–71.

Song, S., Zhong, X., Li, H., & Du, J. (2014). Smart classroom: From conceptualization to construction. 
2014 International Conference on Intelligent Environments (IE), 30 June 2014 - 04 July 2014, 
Shanghai, China (pp. 330–332). https:// doi. org/ 10. 1109/ IE. 2014. 56.

Songkram, N. (2017). Virtual smart classroom to enhance 21st century skills in learning and innova-
tion for higher education learners. 2017 Tenth International Conference on Mobile Computing and 
Ubiquitous Network (ICMU). https:// doi. org/ 10. 23919/ ICMU. 2017. 83301 09.

Strydom, H. (2013). An evaluation of the purposes of research in social work. Social Work, 49(2), 
149–164.

Stufflebeam, D. L. (1985). Conducting educational needs assessments. Kluwer-Nijhoff.
Suo, Y., Miyata, N., Morikawa, H., Ishida, T., & Shi, Y. (2009). Open smart classroom: Extensible and 

scalable learning system in smart space using web service technology. IEEE Transactions on 
Knowledge and Data Engineering, 21(6), 814–828.

Taleb, Z., & Hassanzadeh, F. (2015). Toward smart school: A comparison between smart school and tra-
ditional school for mathematics learning. Procedia - Social and Behavioral Sciences, 171, 90–95.

Temdee, P. (2019). Smart learning environment for enhancing digital literacy of Thai youth: A case 
study of ethnic minority group. Wireless Personal Communications. 11-12.https:// doi. org/ 10. 1007/ 
s11277- 019- 06637-y.

Terziyan, V., Golovianko, M., & Shevchenko, O. (2014). Semantic portal as a tool for structural reform 
of the Ukrainian educational system. Information Technology for Development, 21(3), 381–402. 
https:// doi. org/ 10. 1080/ 02681 102. 2014. 899955.

Timms, M. J. (2016). Letting artificial intelligence in education out of the box: Educational cobots and 
smart classrooms. International Journal of Artificial Intelligence in Education, 26(2), 701–712. 
https:// doi. org/ 10. 1007/ s40593- 016- 0095-y.

Tissenbaum, M., & Slotta, J. D. (2019). Developing a smart classroom infrastructure to support real-time 
student collaboration and inquiry: A 4-year design study. Instructional Science, 47(4), 423–462. 
https:// doi. org/ 10. 1007/ s11251- 019- 09486-1.

Tlili, A., Denden, M., Essalmi, F., Jemni, M., Chang, M., Kinshuk, & Chen, N.-S. (2019). Automatic mod-
eling learner’s personality using learning analytics approach in an intelligent Moodle learning plat-
form. Interactive Learning Environments, 1–15.https:// doi. org/ 10. 1080/ 10494 820. 2019. 16360 84.

Trucano, M. (2017). Innovative Educational Technology Programs in Low- and Middle-Income Coun-
tries. Childhood Education, 93(5), 364–367. https:// doi. org/ 10. 1080/ 00094 056. 2017. 13672 19.

U.S. Department of Education. (2017). Reimagining the role of technology in education: 2017 National 
education technology plan update. Retrieved from https:// tech. ed. gov/ files/ 2017/ 01/ NETP17. pdf.

https://doi.org/10.1504/ijtel.2015.072026
https://doi.org/10.1504/ijtel.2015.072026
https://doi.org/10.1080/03772063.2016.1229582
https://doi.org/10.1080/03772063.2016.1229582
https://doi.org/10.3991/ijim.v13i02.9941
https://doi.org/10.1016/j.jbusres.2021.12.052
https://doi.org/10.1108/ET-03-2020-0049
https://doi.org/10.1108/ET-03-2020-0049
https://doi.org/10.1016/j.tele.2009.08.001
https://doi.org/10.1109/IE.2014.56
https://doi.org/10.23919/ICMU.2017.8330109
https://doi.org/10.1007/s11277-019-06637-y
https://doi.org/10.1007/s11277-019-06637-y
https://doi.org/10.1080/02681102.2014.899955
https://doi.org/10.1007/s40593-016-0095-y
https://doi.org/10.1007/s11251-019-09486-1
https://doi.org/10.1080/10494820.2019.1636084
https://doi.org/10.1080/00094056.2017.1367219
https://tech.ed.gov/files/2017/01/NETP17.pdf


13151

1 3

Education and Information Technologies (2023) 28:13109–13151 

Ultanir, E. (2012). An epistemological glance at the constructivist approach: Constractivist learning in 
Dewey, Pagent and Montessori. International Journal of Instruction, 5(2), 195–212.

Uskov, V. L., Bakken, J. P., & Pandey, A. (2015). The ontology of next generation smart classrooms. In 
Uskov, V. L., Howlett, R. J., & Jain, L. C., (Eds.), Smart Education and Smart e-Learning, (pp. 
3–14). Springer, Cham.

Uskov, V. L., Bakken, J. P., Aluri, L., Rayala, N., Uskova, M., Sharma, K., & Rachakonda, R. (2019). 
Learning analytics based smart pedagogy: Student feedback. In Smart Education and e-Learning 
(pp. 117–131). https:// doi. org/ 10. 1007/ 978-3- 319- 92363-5_ 11.

Uzelac, A., Gligoric, N., & Krco, S. (2015). A comprehensive study of parameters in physical environ-
ment that impact students’ focus during lecture using Internet of Things. Computers in Human 
Behavior, 53, 427–434. https:// doi. org/ 10. 1016/j. chb. 2015. 07. 023.

Vaismoradi, M., & Snelgrove, S. (2019). Theme in qualitative content analysis and thematic analysis. 
Forum: Qualitative Social Research, 20(3 Art. 23), 1–14. https:// doi. org/ 10. 17169/ fqs- 20.3. 3376.

Vasanthapriyan, S., & Randima, V. (2019). Design IoT based smart electricity power saving university: 
Analysis from a lecture hall. Journal of Computer Science, 15(8), 1097–1107. https:// doi. org/ 10. 
3844/ jcssp. 2019. 1097. 1107.

Vlachopoulos, D. (2016). Assuring quality in e-learning course design: The roadmap. International 
Review of Research in Open and Distributed Learning, 17(6), 183–205.

Wang, X., Li, M., & Li, C. (2019). Smart classroom: Optimize and innovative-based on compared with 
traditional classroom. International Journal of Information and Education Technology, 9(10), 741-
745. https:// doi. org/ 10. 18178/ ijiet. 2019.9. 10. 1296.

World Bank. (2019). The education crisis: Being in school is not the same as learning. Retrieved from 
https:// www. world bank. org/ en/ news/ immer sive- story/ 2019/ 01/ 22/ pass- or- fail- how- can- the- world- 
do- its- homew ork.

World Bank. (2020). Digital technologies in education. Retrieved from https:// www. world bank. org/ en/ 
topic/ edute ch.

Wu, B. (2016). Analysis on the smart classroom and innovation mode of physics teaching based on 
MOOC e-learning platform. International Journal of Smart Home, 10(8), 369-380. https:// doi. org/ 
10. 14257/ ijsh. 2016. 10.8. 34.

Xu, D. (2022). Construction of an English research learning model based on constructivism and data 
mining under a cloud computing platform. Wireless Communications & Mobile Computing, 
2022.https:// doi. org/ 10. 1155/ 2022/ 45795 47.

Yeh, S.-T., & Walter, Z. (2016). Determinants of service innovation in academic libraries through the lens 
of disruptive innovation. College & Research Libraries, 77(6), 795–804. https:// doi. org/ 10. 5860/ 
crl. 77.6. 795.

Yu, H., Shi, G., Li, J., & Yang, J. (2022). Analyzing the differences of interaction and engagement in a 
smart classroom and a traditional classroom. Sustainability, 14(3). https:// doi. org/ 10. 3390/ su141 
38184.

Zeithaml, V., Parasuraman, A., & Berry, L. (1990). Delivering quality service, balancing customer per-
ceptions and expectations. The Free Press.

Zhang, Y. (2022). Analysis of O2O teaching assistant mode of college English in MOOC environment.Journal 
of Environmental and Public Health, 2022.https:// doi. org/ 10. 1155/ 2022/ 81649 34.

Zhang, Y., Zhao, H., & Peng, D. (2022).Exploration and research on smart sports classrooms in colleges 
in the Information Age. Applied Bionics and Biomechanics, 2022.https:// doi. org/ 10. 1155/ 2022/ 
29704 96.

Zheng, W., Yang, Z., Feng, L., Fu, P., & Shi, J. (2019). APP design of energy monitoring in smart campus 
based on Android system. International Journal of Online and Biomedical Engineering (IJOE), 
15(05), 18. https:// doi. org/ 10. 3991/ ijoe. v15i05. 8225.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a 
publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript 
version of this article is solely governed by the terms of such publishing agreement and applicable law.

https://doi.org/10.1007/978-3-319-92363-5_11
https://doi.org/10.1016/j.chb.2015.07.023
https://doi.org/10.17169/fqs-20.3.3376
https://doi.org/10.3844/jcssp.2019.1097.1107
https://doi.org/10.3844/jcssp.2019.1097.1107
https://doi.org/10.18178/ijiet.2019.9.10.1296
https://www.worldbank.org/en/news/immersive-story/2019/01/22/pass-or-fail-how-can-the-world-do-its-homework
https://www.worldbank.org/en/news/immersive-story/2019/01/22/pass-or-fail-how-can-the-world-do-its-homework
https://www.worldbank.org/en/topic/edutech
https://www.worldbank.org/en/topic/edutech
https://doi.org/10.14257/ijsh.2016.10.8.34
https://doi.org/10.14257/ijsh.2016.10.8.34
https://doi.org/10.1155/2022/4579547
https://doi.org/10.5860/crl.77.6.795
https://doi.org/10.5860/crl.77.6.795
https://doi.org/10.3390/su14138184
https://doi.org/10.3390/su14138184
https://doi.org/10.1155/2022/8164934
https://doi.org/10.1155/2022/2970496
https://doi.org/10.1155/2022/2970496
https://doi.org/10.3991/ijoe.v15i05.8225

	Exploring quality attributes of smart classrooms from the perspectives of academics
	Abstract
	1 Introduction
	2 Literature review
	2.1 Smart classrooms in education: A background
	2.2 Quality in education
	2.3 Quality for smart classrooms: A socio-technological perspective

	3 Research methodology
	3.1 Philosophy
	3.2 Data collection
	3.3 Data analysis
	3.4 Reliability and validity of the study

	4 Findings
	4.1 Quality attributes of technology platforms
	4.1.1 Technical system support for security
	4.1.2 Flexible analytics modules for intelligence
	4.1.3 Integrated mobile application for accessibility

	4.2 Quality attributes of social interaction
	4.2.1 Self-determined content and choices for diversity
	4.2.2 Program-oriented discussions and dissemination for interconnectivity
	4.2.3 Games-based materials and methods for simplicity
	4.2.4 Self-confident participation and perceptions for sensitivity

	4.3 Smart classroom contexts influencing the quality of education
	4.3.1 Strategy-oriented planning and priorities for adaptability
	4.3.2 Cost-driven transformation and technologies for affordability


	5 Discussion
	5.1 Theoretical implications and significance
	5.2 Practical implications and significance
	5.3 Research limitations

	6 Conclusion
	Appendix
	Background questions
	Technological factors
	Social factors
	References


