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Abstract

Smart classrooms offer innovative opportunities to enhance teaching and learning.
However, most existing research in this field predominantly focuses on investigating
specific technical aspects of the design of the innovation rather than the human inter-
action with the innovation. In particular, there is very limited research on how smart
classrooms address the pedagogical needs of teachers. Filling this gap, we conducted
a qualitative study with 410 Brazilian teachers based on inductive Thematic Analysis
exploring teachers’ perceptions of their subjective and a priori needs in the educational
context, aiming to finally understand how these needs relate to smart classrooms and
how they can inform the design of education policies that support the implementa-
tion of smart classrooms. The main findings indicate that teachers expressed the need
to automate their bureaucratic tasks and highlighted the importance of having more
time for study and lesson planning. They also reported the need for better resources,
structure, and conditions for themselves and their students and the need to enhance
their skills and resources to understand better and meet individual students’ needs.
Based on these findings, we provide a research agenda with policy recommendations
to improve the design and implementation of smart classrooms. Our study contributes
to Artificial Intelligence in Education and the formulation of education policies by
focusing on teachers’ perceptions and a priori needs. Focusing on teachers’ needs
is essential for pushing the boundaries of these fields and enabling the use of smart
classrooms to support more effective teaching and learning practices.

Keywords Artificial intelligence - Smart learning environments -
Educational technology - Education policy - Qualitative study
Introduction

The smart classroom is a recent concept that has emerged in research to describe
a classroom that combines different emerging technologies, such as the Internet of
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Things (IoT) and Artificial Intelligence (AI), to enhance the teaching and learning
experience (Kassab et al., 2020; Chen et al., 2020; Huang et al., 2023). In a smart
classroom, everyday objects can communicate and share data and information, which
can be transformed into knowledge and, subsequently, into wisdom, allowing teachers
to make more informed decisions (Saha et al.,2017; Guletal.,2017; Limaetal., 2021).
In this new smart learning environment, teachers and students can establish entirely
novel relationships that may be markedly distinct from the traditional teacher-student
dynamic (MacLeod etal.,2018; Memos etal.,2020; Wang et al., 2022). With the imple-
mentation of advanced technologies and smart solutions, the smart classroom offers
opportunities to improve the educational experience of students and teachers, making
the learning process more engaging, personalized, and efficient while simultaneously
fostering collaboration, innovation, and inclusivity within the academic environment
(Saini & Goel, 2019; Alfoudari et al., 2021; Lima & Isotani, 2022).

Considerable smart classroom research has been primarily dedicated to studying
or addressing particular technical challenges, including Information and Communi-
cation Technology (ICT) (Subbarao et al., 2019; Lima & Isotani, 2022), Machine
Learning (Kucak et al., 2018; Lima et al., 2021), Sensor Networks (Bjorkqvist et al.,
2018; Memos et al., 2020), Cloud Computing, and Hardware (Huang et al., 2019; Kaur
et al., 2022). Furthermore, researchers have been exploring the adaptation of techno-
logical solutions from the industrial realm to effectively integrate them into educational
contexts, such as the classroom (Carbonilla Gorra & Bhati, 2016; Cakrawati, 2017).
Additionally, many of these technologies have been conceived within laboratory set-
tings and subsequently subjected to classroom trials, drawing upon the perspectives of
various educational stakeholders (Saini & Goel, 2019; Kassab et al., 2020). However,
the primary emphasis tends to remain on students, given that educational technologies
are predominantly developed to enhance student learning experiences, thereby giving
teachers considerably less attention (Lai et al., 2017; Saini & Goel, 2019; Alfoudari
etal., 2021). Nevertheless, there is a lack of studies on devising classroom technology
specifically tailored to address teachers’ subjective and a priori needs (i.e., teachers’
individual preferences and desires, which may vary based on their experiences, skills,
and teaching styles).

The lack of focus on teachers’ subjective and a priori needs is a concerning issue
for several reasons. First, by developing technologies without considering teachers’
needs, there is a risk of creating solutions that may not be relevant, practical, or
effective in the classroom environment (Backfisch et al., 2021; Gokgearslan et al.,
2022; Choi et al., 2022). Smart classrooms and their technologies should be designed
to facilitate and enhance the educational experience. This can only be achieved if
they align with the expectations and challenges that teachers face (Li et al., 2019;
Alfoudari et al., 2021). Second, the lack of teacher involvement in the technology
development process may lead to resistance to adopting these innovations (Tondeur
et al., 2017; Farjon et al., 2019; Taimalu & Luik, 2019; Celik et al., 2022; Fiitterer
et al., 2023). Teachers may be more reluctant to adopt and integrate technological
tools and approaches in their teaching practices if they do not perceive their value or
feel uncomfortable using them (Mazman Akar, 2019; Recalde et al., 2020; Scherer
et al., 2020; Ranellucci et al., 2020). Third, neglecting teachers’ needs may result in
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missed opportunities to identify improvement areas in education (Backfisch et al.,
2020; Spiteri & Chang Rundgren, 2020). Teachers possess valuable knowledge and
practical experience that can provide essential insights for developing effective and
meaningful solutions. Recent studies highlight the key role of involving teachers in
the creation of educational technologies, ensuring that these technologies are not only
technically advanced but also tailored to the actual needs of educators (Lawrence et
al., 2023, 2022; Ahn et al., 2021; Tissenbaum & Slotta, 2019; Holstein et al., 2019).
In summary, the absence of focus on teachers’ subjective and a priori needs in smart
classroom research is a significant gap in the scholarship on smart classrooms that
must be addressed.

The present study examines the inherent needs, expectations, and apprehensions
of teachers and their individual experiences within the educational milieu to advance
knowledge of how smart classroom design can respond to the actual needs of teach-
ers. The study focuses on the following research question: “What are the Brazilian
teachers’ perceptions and a priori needs that are relevant to the design of smart class-
rooms?” To answer this question, we surveyed 410 Brazilian teachers from diverse
levels and modalities and subsequently performed an inductive thematic analysis to
analyze the data. This process revealed a collection of central themes that present
research opportunities in adopting emerging technology in education, particularly
emphasizing the development of smart classrooms.

This article delves deeply into teachers’ perceptions and a priori needs for designing
Smart Classrooms. The main findings indicate that teachers expressed the need to
automate their bureaucratic tasks and the importance of having more time for study
and lesson planning. They also reported the need for better resources, structure, and
conditions for themselves and their students, and they need to improve their skills and
resources, allowing them to understand and meet the individual students’ needs.

Our findings can be organized into four key areas: a) optimizing and streamlin-
ing processes such as student assessment, lesson planning, and administrative tasks,
emphasizing the importance of preserving physical and mental health amid workload
challenges; b) enhancing time management, memory, and acquiring skills to improve
teaching quality and efficiency, reflecting teachers’ dedication to adapting to changes in
the educational landscape and pursuing excellence in teaching and continuous profes-
sional development. Furthermore, c¢) the identified needs span a range of aspects such
as infrastructure, technological resources, learning environment, time, and support,
including desires for improved school facilities, professional and salary recognition,
as well as increased parent and family involvement in the educational process; d) over-
coming barriers imposed by time, space, and individual student comprehension, with
teachers seeking strategies to facilitate engagement, concentration, and interaction,
alongside the use of advanced technologies and visual resources to make learning
more meaningful and immersive.

These needs reflect teachers’ aspirations to establish deeper connections with their
students and ensure effective and personalized educational experiences while address-
ing the challenges of managing time and work demands in the current educational
setting. This article contributes to the scholarship of educational technology, pro-
viding a comprehensive set of guidelines for smart classroom designers, planners,
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education managers, and stakeholders engaged in developing smart classrooms, smart
objects, and associated technologies. This guidance complements emerging investi-
gations requiring further exploration to understand teaching needs associated with the
new classroom paradigm, ultimately benefiting teachers and students.

Background

In this section, we present the main concepts that permeate the discussion of the smart
classroom and provide the foundation for this study.

Smart Classroom

The smart classroom concept has been gaining increasing space in schools and uni-
versities (Rico-Bautista et al., 2019; Kwet & Prinsloo, 2020; Alhasan et al., 2023).
The term “smart classroom”, as proposed by Huang et al. (2019), stands for Showing,
Manageable, Accessible, Real-time Interactive, and Testing, and refers to an environ-
ment in which the physical space is seamlessly integrated with advanced technologies
to provide a more enriching and interactive learning experience for students. It is
important to note that while this definition by Huang et al. (2019) is widely used in
the literature, there are other interpretations and models of what constitutes a smart
classroom.

Researchers have proposed different models of smart classrooms that synergis-
tically integrate numerous technologies, including interactive devices such as digital
whiteboards, tablets, and smartphones, educational software, computer networks, sen-
sors and automation systems, and Al and data analysis technologies (Kassab et al.,
2020; Hu, 2021; Consoli et al., 2023). Each of these models has its specific char-
acteristics and objectives. While some use technology to promote interaction and
collaboration among students, others focus on personalized teaching, adapting the
pace of learning to the individual needs and interests of each student (Alhasan et al.,
2018; Ma & Li, 2021). Other models use multimedia and virtual reality (VR) resources
to enhance the learning experience (Elkoubaiti & Mrabet, 2018; Srimadhaven et al.,
2020). A useful taxonomy of smart classrooms is based on four significant aspects of
the teaching and learning experience: Smart Content, Smart Interaction, Smart Assess-
ment, and Smart Physical Environment (Saini & Goel, 2019; Kaur et al., 2022).

Smart Content comprises digital educational materials such as videos and interac-
tive simulations to make learning more accessible and engaging. Smart Interaction
involves technologies and methods for interactive learning, including tools for real-
time communication and collaboration. Smart Assessment focuses on innovative
approaches to evaluating student performance using digital tools and Al analytics for
personalized feedback. Finally, a Smart Physical Environment can enhance the phys-
ical classroom space with technology such as automated climate control and adaptive
lighting to optimize comfort and learning efficiency. In the following paragraphs, we
will discuss each of these aspects in more detail, exploring how they contribute to the
effectiveness and innovation of smart classrooms.
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One of the advantages of the smart classroom is the possibility of personalized
learning. Each student has unique learning interests, needs, and rhythms, and technol-
ogy allows teaching to be adapted to each of them (Alhaboobi et al., 2019; Deng et al.,
2019; Zhang et al., 2019). For example, a student who needs more explanation or scaf-
folding to master a particular learning objective can access more detailed instructional
sequences or additional resources, such as explanatory videos or interactive games, to
help them learn at the right level. In this context, Smart Content is a crucial element of
a smart classroom. Smart Content comprises multimedia components, such as audio,
video, images, text, and animations, used to create intuitive and enriching support
materials. These support materials are essential for students to understand better and
internalize the concepts being taught (Li et al., 2019; Revathi et al., 2020; Hu, 2021).

Technology also allows teachers to activate the motivation and engagement of stu-
dents. The use of specialized computer graphics technologies, such as augmented
reality (AR) and virtual reality (VR), for example, which is becoming increasingly
popular in the classroom (Fidan & Tuncel, 2019; Cheng & Tsai, 2019; Sahin & Yilmaz,
2020), allows the teacher to demonstrate concepts visually and interactively, helping
to make the learning process more exciting and engaging. With AR, for example, the
teacher can superimpose digital information, such as texts, images, and animations,
onto the real world to explain complex concepts clearly and attractively. With VR, stu-
dents can experience simulations and virtual environments that help them understand
concepts more concretely (Memos et al., 2020; Wannapiroon et al., 2021).

Smart Interaction is another dimension of Smart Classrooms. This refers to the
possibility of creating a more collaborative and interactive learning environment, thus
developing a wider range of competencies. Students can use digital tools to share ideas,
work together on projects, and discuss topics in real-time, even in different parts of
the world. This approach has been used in undergraduate or graduate classes, where
students must collaborate with peers from other regions or countries (Dafoulas et al.,
2018; MacNeil et al., 2019; Greenhow & Chapman, 2020). Furthermore, technology
also enables teachers to monitor students’ progress and provide them immediate feed-
back (Ghazal et al., 2017; Camacho et al., 2020; Yang et al., 2021). For example, it is
possible to assess students’ participation in online debates or check if they are keeping
up with their lessons through real-time data analysis. This way of monitoring helps
teachers quickly identify each student’s weaknesses and provide appropriate help.

In this sense, Smart Interaction is essential to building a smart classroom, as tech-
nology allows different smart objects to measure students’ engagement during classes;
using resources such as voice recognition and facial expression analysis, teachers can
evaluate students’ attention and participation (Li et al., 2019; Alhaboobi et al., 2019;
Deng et al., 2019; Hu, 2021). In addition, teachers can use the collected data to eval-
uate their teaching practices and identify areas for improvement to make their classes
more effective in engaging students. With Smart Interaction, the classroom becomes
a dynamic and interactive environment where students and teachers are connected
in real-time and can exchange information and knowledge effectively (Martinez-
Maldonado, 2019; Lima & Isotani, 2022). This interaction helps to improve students’
learning and increases their motivation and engagement, making the teaching-learning
experience much more meaningful and enriching.
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Another great advantage of the smart classroom is the possibility of access to high-
quality educational resources from anywhere and at any time (Pimmer et al., 2016;
Agrawal et al., 2022). Students and teachers can access lessons, books, articles, and
other study materials from their mobile devices to study and prepare for classes outside
the classroom. This opportunity benefits students by allowing them to balance their
studies with other responsibilities, such as work or family care.

Smart Assessment is a fundamental aspect of the smart classroom. Smart Assess-
ment allows students to attend classes and adequately understand the content taught.
To achieve this, instructors can use a combination of face-to-face and distance learning
activities such as homework, tests, classroom discussions, and other assessment forms
(Lietal., 2019; Raffaghelli et al., 2022). Smart Assessment makes the assessment pro-
cess more accurate and helps promote equity and transparency in teaching-learning
(Chang et al., 2020; Ilieva & Yankova, 2020; Chang et al., 2020; Ghizlane et al., 2019).
For instance, the system developed by Matoco et al. (Maroco et al., 2019) employs IoT
technology and MIFARE student cards to prevent academic dishonesty during exams,
ensuring a fair and transparent evaluation for all students. Technologies can also pro-
vide personalized feedback to students, helping them identify their weaknesses and
strengths and improve their skills and knowledge more efficiently.

Smart Assessment has also accelerated the assessment process, especially with tech-
nologies such as facial recognition and radio frequency identification (RFID) tagged
identification cards (Gupta et al., 2014; Akbar et al., 2018; Bdiwi et al., 2019). These
technologies allow automatic student attendance registration, a significant advantage
for assessment and student learning monitoring. Together, these technologies aim to
make the physical classroom environment as conducive as possible for effective learn-
ing (Zhong, 2018; Dengetal.,2019; Alhaboobi etal.,2019; Huang et al., 2019; Revathi
et al., 2020; Shang et al., 2021).

The smart classroom also has the Smart Physical Environment as its primary
focus. In these advanced classrooms, technology monitors different aspects of the
environment. Sensors are employed to measure temperature, humidity, lighting, and
other factors that affect the quality of the learning environment and the comfort
of students (Songetal., 2014; Zhong, 2018; Deng et al.,2019; Huanget al.,2019; Alha-
boobi et al., 2019; Shang et al., 2021). The objective is to maintain a suitable physical
environment for learning, automatically adjusting temperature, humidity, and lighting
based on sensor measurements. For example, the lighting is critical to the performance
of students and teachers, and light sensors use to ensure that lighting is appropriate
for different levels of light (Song et al., 2014; Zhong, 2018; Deng et al., 2019; Huang
et al., 2019; Miraoui, 2018; Li et al., 2019; Shang et al., 2021).

In summary, it is essential to differentiate a smart classroom from one equipped with
technology. A smart classroom transcends the mere presence of technological devices
such as computers, projectors, and internet access by integrating these technologies
holistically and interactively to enhance the learning experience. The intelligence of
a smart classroom lies in its ability to adaptively and responsively use technology to
meet individual student needs and to enhance the learning context. This includes the
personalization of teaching, real-time analysis of student engagement, and adapting
the physical environment to optimize learning. In contrast, this differs from the mere
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presence of technology in a classroom when such technology is not integrated to
provide an enhanced learning experience.

Related Work

In recent years, researchers have undertaken numerous studies to discern (a) how
technology is adopted in the smart classroom, (b) the necessary teaching competence
for working in a smart education environment, (c) the factors that impact the adoption
of these technologies, and (d) the impact of technology on pedagogical practice (Leem
& Sung, 2019; Almaiah et al., 2022; Chounta et al., 2022; Choi et al., 2023).

Kim and Jang (2020) examined teachers’ intentions to sustainably integrate tech-
nology in smart classrooms within underserved areas, focusing on their perceptions
and the impact on student outcomes. The study used Partial Least Squares Struc-
tural Equation Modeling (PLS-SEM) in a self-administered online survey with 54
teachers (Kim & Jang, 2020). The results indicated that teachers in smart classrooms
are motivated to continue technology integration when they observe positive changes
among students after implementing smart classroom technologies. This study focused
on underserved rural areas in South Korea with a specific smart school program.

Selim et al. (2020) developed a model to investigate factors influencing teachers’
and educational institutions’ adoption of smart classrooms. The study used PLS-SEM
and surveyed 1208 educators (Selim et al., 2020). The findings indicate that exter-
nal pressures (normative, coercive, and mimetic) and technological factors (perceived
relative advantage, complexity, compatibility, and instructor IT knowledge) are the pri-
mary drivers of smart classroom adoption in the context of higher education. However,
limitations include the need for replication and cross-cultural considerations.

Bogiannidis et al. (2022) explored the experiences of a visual art teacher in a smart
classroom. They used Interpretative Phenomenological Analysis (IPA) and conducted
acase study involving one teacher. The study results revealed that adopting educational
technologies in the classroom can be complex and challenging for teachers, especially
for those who lack technology training (Bogiannidis et al., 2022). However, the study
also demonstrated that embracing these technologies can positively change teachers’
pedagogical practices, enabling them to incorporate new teaching resources and strate-
gies (Bogiannidis et al., 2022). This study focuses on a single teacher’s experiences
and is limited by the specific context. Consequently, the findings cannot be generalized
to other settings or conditions.

Wang et al. (2022) investigated the relationship between teacher beliefs, classroom
process quality, and student engagement in smart classroom learning environments.
The study employed a multilevel analysis of survey data from 38 teachers and 1,825
students (Wang et al., 2022). The results indicated that the teacher’s level of edu-
cation, rather than their beliefs, was associated with classroom process quality (Wang
et al., 2022). The study suggests that global instructional quality factors and specific
teaching practices can create an efficient and supportive learning environment in smart
classrooms, leading to high student engagement levels. However, this study has a non-
representative sample (in terms of teachers), relies on surveys and self-reported data,
and has uncertainty regarding the applicability of results in diverse contexts.
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The Table 1 summarizes the related research works that have been conducted to
explore and examine different aspects of teachers’ involvement with smart class-
rooms. !

In summary, the studies investigated i) teachers’ continuance intention to integrate
technology in smart classrooms, taking into account their perceptions and the impact on
student outcomes, ii) factors influencing the adoption of smart classrooms by educators
and educational institutions, iii) the experiences of teachers in smart classrooms and
the challenges encountered during the adoption of educational technologies, and iv) the
relationship among teacher beliefs, classroom process quality, and student engagement
in smart learning environments. However, none of these studies specifically address
smart classrooms’ development and technologies that cater to teachers’ subjective
and a priori needs. Thus, as far as we know, we are the first to explore teachers’
perceptions and a priori needs to design Smart Classrooms.

Study Design

Smart classrooms are commonly designed to improve the quality of student learning.
However, they are usually not designed to meet teachers’ subjective and a priori needs.
To fill this gap in the literature, we qualitatively investigated teachers’ perceptions and
a priori needs to design smart classrooms, thus answering the following research
question: “What are the Brazilian teachers’ perceptions and a priori needs to
design smart classrooms?”.

Materials and Method

We designed and administered an online questionnaire as a data collection instrument,
taking advantage of its numerous benefits over other data collection forms. Specifically,
online questionnaires provide convenience for participants, enabling them to respond
anytime and anywhere, which can lead to increased response rates (Healey et al.,
2002; Van Selm & Jankowski, 2006). Additionally, they are cost-effective compared to
traditional methods, eliminating printing, postage, and interviewers’ expenses (Griffis
etal., 2003; Ebert et al., 2018; Ball, 2019). Furthermore, data collected through online
questionnaires can be easily analyzed using specialized software, which facilitates the
visualization of trends and patterns (Duffy et al., 2005; Greenlaw & Brown-Welty,
2009; Van Gelder et al., 2010). Finally, online questionnaires allow for scalability,
making them suitable for research involving large and significant samples through
simultaneous distribution to numerous individuals (Evans & Mathur, 2005, 2018;
Braun et al., 2021).

The survey was developed in November 2021, using a mixed online questionnaire
with closed and open-ended questions. We developed the questionnaire using the online
survey management platform Google Forms,? as it allows for the automatic analysis

I Our study specifically focused on the role of teachers in smart classrooms. For a broader perspective on
smart classroom technologies, refer to Saini and Goel (2019).

2 https://docs.google.com/forms
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of collected data and the effective preparation of graphics for the visual analysis of
the data. We divided the questionnaire into two parts. The first part, consisting of 12
multiple-choice questions, collected demographic and socioeconomic data from the
participants. The second part, structured with seven open-ended questions, related
to teachers’ needs in a broader sense and beliefs and perceptions about smart class-
rooms. We made all questions mandatory to ensure that participants did not omit
any responses, meaning they could only finalize the questionnaire after answering all
questions.

The focus of our study was on understanding teachers’ subjective and a priori needs,
desires, and expectations regarding educational technologies and smart classroom
environments, irrespective of their direct experience with these technologies. Thus, our
study did not require participants to have prior experience with smart classrooms. This
approach allows us to capture a broad spectrum of insights, including perspectives from
teachers who may not yet have had the opportunity to work in smart classrooms but
can provide valuable ideas and expectations for future technological implementations.

The seven open-ended questions were formulated during a collaborative brain-
storming session between two researchers and were designed to explore teachers’
desires and expectations concerning educational technologies and environments.
These inquiries addressed topics such as desired superpowers to enhance teach-
ing practice, how these powers would be applied in the classroom, tasks that could be
automated to facilitate instruction, relevant information to be obtained from students,
ethical considerations in collecting such information, the comprehension of a smart
classroom, and how such an environment could assist the teacher. These questions
aimed to pinpoint potential and significant areas for innovation that could enhance
educational practice. Due to the substantial collected information and executed anal-
ysis, in this study, we will focus on two specific questions:

1. If you could have any superpowers to help you do your teaching job, what would
they be?
2. How would each of these superpowers help in a classroom session?

The decision to concentrate on these two questions stems from the emphasis of this
article on holistically addressing the inherent needs, expectations, and apprehensions
of teachers within the educational context. By addressing these two questions, we aim
to identify their subjective needs and expectations, which can ultimately contribute
to creating more effective and meaningful educational technologies that address the
evolving needs of contemporary teachers. The rationale behind this decision is to
concentrate on the imaginative and creative aspects of teachers’ responses, which
can provide valuable insights into the features and capabilities that teachers would find
most helpful in their daily practice. The first question invites teachers to consider the
qualities, abilities, or resources they feel would significantly enhance their teaching
practice. By asking them to imagine “superpowers”, we allow them to think beyond
conventional methods or tools, allowing for a broader range of responses. This question
can help reveal the underlying issues or difficulties that teachers face, which they
believe could be addressed or alleviated through idealized abilities or resources.

The follow-up second question prompts teachers to reflect on the practical appli-
cation of their desired superpowers in real-life classroom situations. By asking them

@ Springer



Int J Artif Intell Educ

to explain how these superpowers would help in a classroom session, we can gain a
deeper understanding of the specific needs, concerns, or obstacles that they encounter.
Moreover, this question encourages teachers to provide concrete examples of how
their idealized abilities or resources could improve their teaching practice and, in turn,
the overall learning experience for their students.

We aim that these questions uncover teachers’ subjective and a priori needs by
allowing them to express their unique perspectives and experiences, ultimately pro-
viding valuable insights that can inform the development of tailored technological
solutions for smart classroom environments. Furthermore, these questions encourage
teachers to comment openly on their needs without technological bias, meaning they
are not limited to thinking about technological solutions.

To address our research question, we structured our study into four phases: (1) In
the initial phase, we developed the questionnaire, which is segmented into two main
parts. The first part includes twelve questions to collect demographic and socioeco-
nomic data from the participants. The second part features seven open-ended questions
to explore the teachers’ subjective and a priori needs. (2) In the subsequent phase,
after identifying the target demographic, we formulate specific criteria for participant
selection to guide the recruitment process. With these criteria in place, we then admin-
istered the questionnaire. (3) After collecting the data, we analyzed the responses. We
employ thematic analysis, a qualitative method, to discern, examine, and report pat-
terns within the data. Through detailed coding and categorization, we identify key
themes that capture the essence of teachers’ needs. (4) The final phase of the study
involves interpreting the findings within the context of the broader academic litera-
ture and the research questions that framed our study. Figure 1 summarizes the study
design.

FIRST STEP: SETTING THE SECOND STEP: SELECTING THIRD STEP: DATA ANALYSIS
QUESTIONS PARTICIPANTS
First section : Defining the target : Thematic analysis
: population :
Twelve questions to

collect demographic
and socioeconomic

information
Developing sampling %

: H criteria !
Second section FOURTH STEP:
H H INTERPRETING THE RESULTS

Seven open-ended -----------------------------------
questions related to : : : :
teachers' needs about ! ' - " ' : Relating the results to
smart classrooms : : Recruiting participants the existing literature

and research questions

Fig.1 Study design
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Participants Description

We released the survey on December 1st, 2021, employing a targeted approach to
ensure our respondents were indeed educators. Initially, we emailed the question-
naire to a curated list of teachers compiled from educational institutions’ databases,
ensuring our primary audience was professionally involved in teaching. To further
enhance the reach only among education professionals, we meticulously promoted
the survey on social media platforms, specifically selecting groups and communities
dedicated to educators (such as Facebook and WhatsApp groups for teachers). These
groups are typically restricted to verified teaching professionals, adding another layer
of confidence that our respondents were actively engaged in education.

We collected data throughout December 2021, ending on December 31st,2021. The
survey remained open for 31 days, and we received 467 responses, of which 410 were
deemed suitable for analysis. Participants were informed about the study’s purpose,
data collection, processing, and publication of findings. From an ethical standpoint, the
questionnaire did not collect any data that could identify the participant. However, the
participant could withdraw their participation at any time by contacting the responsible
team. It is worth noting that participants were informed about using data for research
purposes.

We qualitatively analyzed teachers’ responses, rigorously applying inclusion and
exclusion criteria. For the first question, the responses needed to specify one or more
superpowers and their relevance to the educational context. For the second question, the
emphasis was on demonstrating the practical utility of these superpowers in a class-
room session. Based on these criteria, we excluded 57 responses from our dataset.
Some responses deviated from the proposed theme, failing to mention desired super-
powers or their application in teaching contexts, thus lacking direct relevance to our
research questions (for example, “It would exterminate the SARS-CoV-2 virus and its
variants”, a response that, although interesting, does not directly relate to pedagogical
practices). Other responses were ambiguous or unclear, complicating our understand-
ing of the intended superpower or its envisioned use in a classroom environment (for
example, “I would make all teaching-related work optional,” which does not specify
how this would apply or benefit pedagogical practice).

The final dataset comprised 410 Brazilian teachers from various levels and modal-
ities. According to the data, most participants in teaching-related occupations are
Higher Education Teachers, accounting for 60.2% of the total. Basic Education Teach-
ers (Early Childhood Education, Elementary School, Middle School, and High School)
comprise the second-largest group, representing 22.9%, followed by Professional Edu-
cation Teachers at 22.1%. Postgraduate Professors and Coordinators account for 15.2%
and 4.7%, respectively. At the same time, the remaining occupations - Principal, Pro-
fessor of Technological Education, Teaching Intern, and Technical Education Teacher
- each constitute less than 2% of the total.

The diversity of participants across different educational levels and modalities rep-
resents a significant strength of this study. It enables us to capture various perspectives
and needs related to smart classrooms. This comprehensive approach allows us to iden-
tify and address diverse challenges and opportunities in implementing smart classroom
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technologies across various educational contexts. Although a focused study on a spe-
cific segment, such as college students, could provide detailed insights, our study is
designed to offer a more holistic understanding of the smart classroom.

Most participants in this study identified themselves as male (53.4%). Regarding
age, the three youngest age groups (18 to 20 years, 21 to 25 years, and 26 to 30 years)
comprised only 4.3% of participants. This may be associated with many education
professionals undergoing lengthy training before starting their careers. The intermedi-
ate age group, from 31 to 40 years, was also not numerically significant, accounting for
only 27.4% of the total. Therefore, there was an intense concentration in the last age
group, people over 40 years old, which systematically exceeded the overall average,
representing 56.1% of participants. Complete information for the included sample can
be found in Table 2.

Data Analysis

Data were organized into tabulated spreadsheets. We adopted an inductive thematic
analysis to analyze the data extracted from the questionnaires, primarily because this
method allows us to explore the data openly and flexibly, allowing themes to emerge
directly from the participants’ responses. According to Braun and Clarke (2006),
thematic analysis proposes a flexible approach to analyzing qualitative data by identi-
fying patterns in the data. This flexibility is essential in new or under-explored areas,
as it permits the discovery of insights that pre-existing theories might not capture.
Furthermore, the coding process present in the approach favours the visualization of
emerging patterns in the collected data, which facilitates the establishment of central
themes for further analysis (Langdridge & Hagger-Johnson, 2009). By prioritizing
data-driven insights, the inductive approach provides that analysis remains grounded
in the actual data, potentially revealing unexpected aspects of the studied phenomenon.
As presented in Fig. 2, we conducted the thematic analysis in six main phases: (1)
familiarisation with the data; (2) generating initial codes; (3) searching for themes;
(4) reviewing the themes; (5) defining and naming theme; (6) producing the report,
with the participation of two researchers and one reviewer, identified as Rj, R», R3,
respectively.

In Phase 1 (in green), researchers (R, R») initially familiarized themselves with
the data collected from 410 teachers, undertaking data cleaning, standardization, and
preliminary evaluation. This phase laid the groundwork for the subsequent phases. Dur-
ing Phase 2 (in blue), (R}, R») collaborated on generating codes from the open-ended
responses. They conducted joint coding sessions to ensure a shared and consistent
understanding of the responses. Each code generated aimed to group similar responses,
while different codes separated different responses. The researchers read each gen-
erated code, adjusted the groupings as necessary, and refined the codes until clear
themes emerged. Consistency in code generation was ensured through an iterative dis-
cussion and review process. Researchers (R, R) regularly checked with each other
to ensure both agreed on the interpretation and categorization of the responses. This
cross-checking process helped maintain the integrity and reliability of the generated
codes.
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Table 2 Participants’

. . . Attributes considered Number Percent (%)
sociodemographic variables

(n = 410) Current Gender
Female 191 46.6%
Male 219 53.4%
Age Group
18-20 1 0.2%
21-25 4 0.9%
26-30 15 3.2%
31-35 56 12.0%
36 -40 72 15.4%
More than 40 262 56.1%
Higher Education
Bachelor’s Degree 210 45.0%
Licentiate Degree 150 32.1%
Licentiate and Bachelor’s Degree 47 10.1%
Technologist 3 0.6%
Highest Postgraduate
Doctorate (PhD) Degree 247 52.9%
Master’s (MSc) Degree 94 20.1%
Specialization (MBA) Degree 56 12.0%
Graduated (Licenciate, Bachelor or 13 2.8%

Technologist) Degree

Teaching-related Occupation

Basic Education Teacher 107 22.9%
Coordinator 22 4.7%
Higher Education Teacher 281 60.2%
Postgraduate Professor 71 15.2%
Principal 2 0.4%
Professional Education Teacher 103 22.1%
Professor of Technological Education 7 1.5%
Teaching Intern 5 1.1%
Technical Education Teacher 6 1.3%
Years of Experience

< 5 years old 42 9.0%
6 to 10 years 74 15.8%
11 to 15 years 86 18.4%
16 to 20 years 82 17.6%
21 to 25 years 40 8.6%
26 to 30 years 38 8.1%
> 30 years 48 10.3%
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Fig.2 Methodological steps used for clustering responses in the thematic analysis

The process in Phase 3 (in yellow) focused on evaluating and refining the initial
codes generated in Phase 2. Researchers (R, R») examined the codes with similar con-
tent to determine if they could be abstracted into a higher-order theme. This involved
thoroughly analyzing each code and its underlying responses, identifying commonal-
ities and patterns that could signify a broader concept. For example, if several codes
captured different aspects of teacher responses but presented a significant thematic
overlap, such as “School Bureaucracy”, “Lesson Planning”, and “Assessment Activi-
ties”, these were examined to determine if they could collectively form a higher-order
theme such as “Development of Methodological and Bureaucratic Activities”.

This process was not merely about grouping codes but involved deep deliberation
on the essence of each code and how they collectively represent a more complex idea.
This iterative process of abstraction was critical in ensuring that the final themes gen-
uinely encapsulated the multifaceted nature of the respondents’ responses. Researchers
(R1, R>) constantly cross-checked and discussed their interpretations, maintaining the
integrity and reliability of the thematic framework. This phase resulted in a set of
higher-order themes that provided a more nuanced understanding of the data, going
beyond the initial coding to reveal deeper insights into the teachers’ experiences and
perspectives.

Once the researchers coded all individual data extracts and identified themes, they
began Phase 4 (in purple) and involved an external researcher in the research process
to reduce potential bias. Reviewer (R3) reviewed the codes and themes and suggested
modifications to what the researchers had done in the previous phases. Following
the process, in Phase 5 (in orange), researchers (R, R) refined each code based on
the reviewer’s evaluations. Upon completing this phase, Reviewer (R3) revisited the
revised codes. However, no further alterations or additional suggestions were made,
thus ensuring a comprehensive and unbiased research process. Finally, in Phase 6, the
researchers summarized the ideas presented in this article into themes and sub-themes,
presenting and explaining the findings presented in the next section. The researchers
generated these sub-themes (codes) using a bottom-up approach. Specifically, they
created the codes from the responses of the 410 teachers and derived the themes from
the codes.

We followed Fig. 3 to organize themes. Initially, we cleaned, standardized, and
evaluated each teacher’s responses. Then, we inductively generated codes and orga-
nized each teacher’s responses into these codes. By organizing the codes, we identified
groups of responses that were very similar. These groups with similar content became
a theme, a grouping of codes. The inductive approach to generating codes allowed for
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Fig.3 Process of standardization, coding, and generation of themes

a more nuanced understanding of the underlying patterns and themes in the teachers’
responses, allowing the analysis to reflect their perspectives and experiences.

To assess whether the sample size was sufficient to achieve code saturation, we
analyzed the number of new codes developed from each completed questionnaire in
chronological order based on research conducted by Hennink et al. (2017) and Guest
et al. (2006). Data saturation in the thematic analysis is a key concept in qualitative
research that signifies when sufficient information has been obtained to address the
research question. It occurs when collecting additional data does not reveal new themes
or codes, ensuring the validity of the findings and allowing researchers to conclude
the analysis confidently (Guest et al., 2006; Hennink et al., 2017).

We divided the questionnaires into intervals of ten, and we found that over half
of the 20 codes identified (65%) were developed during the analysis of the first ten
questionnaires. Only two codes were added between questionnaires 11 to 20 (75%).
Three new codes were identified in questionnaires 21 to 30, while 90% of all codes
were identified in questionnaires 31 to 40. In these questionnaires, 31 to 40, 95%
of all new codes were developed, while the remaining 375 questionnaires yielded
only one additional code (0.05% of total codes). It is noteworthy that we generated
no other code from Questionnaire 72 onwards. In our study, we chose to divide the
questionnaires into intervals of 10 to simplify percentage calculations and highlight
the swift initial identification of codes, with 65% in the first ten questionnaires and
75% by the 20th, followed by a significant drop in the rate of new code identification.
Thus, the results demonstrate that code saturation was achieved after seventy-two
questionnaires, indicating that the sample size was sufficient for the analysis.

Findings

This section presents the findings related to our two research questions (subsection
“Materials and Method”). Through qualitative data coding, 20 codes were generated,

@ Springer



Int J Artif Intell Educ

which led to the identification of four primary themes: (1) development of method-
ological and bureaucratic activities, (2) personal and professional growth, (3) public
educational incentives, and (4) strategies to improve student learning.

Figure 4 presents a visualization of the relationship between the themes and sub-
themes identified in data analysis and the association of each superpower with the
themes and sub-themes. To clarify the coding process and highlight the main charac-
teristics of the data, presenting the story that each code tells, the sub-themes (codes) are
displayed and described in Table 3. The following subsections introduce the themes
and their respective codes/sub-themes in greater detail. Each theme/sub-theme will be
presented with examples of teachers’ responses.

Development of Methodological and Bureaucratic Activities

This section explains the three codes generated from the participants’ responses, which
were used to conclude the theme “Development of Methodological and Bureaucratic
Activities” (lower right of Fig. 4). This theme comprises 77 teacher responses, repre-
senting 12.26% of the observed responses.

Assessment Activities

Student assessment is a crucial aspect of the teaching and learning process; it helps
teachers discern what students are learning and provide formative feedback. However,

Imposing Voice

Projection of Thoughts Clairvoyance
Public Policies to SuperCreativity; el

Incentivize Teaching ogience Telepathy

Telekinetic Hypnosis

Persuasion

School Infrastructure Individual Support

Public Policy Support

for Student Retention
and Success

Public Educational Immersive Learning

Incentives Increasing Student
Participation in Classes

Didactic and Omnipresence R
Technological Assisting in
Resources Understanding Class

Teleportation Content

. Understanding

Time Manipulation Strategies to Students’ Motivations
Improve Student

Development of

Learning " nent N
Teaching Activities with
Teachers' Super Speed Appropriate Deadlines
Competencies and -
Abilities Personal and Students' Feedback
Cognitive Abilities Professional Identifying Students'
Growth Doubts or Difficulties
Continuing Education
Teaching
Multitasking Methodologies
— Students' Motivation
Omniscience .
Super Intelligence
Development of School Bureaucracy
Super Knowledge . Methodologlca_l Class Preparation
Super Concentration and Bureaucratic
Activities Assessment Activities

Super Memory

Fig.4 Relationship between teachers’ superpowers and the identified needs (themes and subthemes)
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Table 3 Summary of themes that reflect teachers’ needs

Sub-Themes

Description

Development of Methodological and Bureaucratic Activities

Assessment Activities

Lesson Planning

School Bureaucracy

Personal and Professional Growth

Cognitive Abilities

Continuing Education

Teachers” Competencies and Abilities

Public Educational Incentives

Didactic and
Resources

Technological

Public Policies to Incentivize Teach-
ing

Public Policy Support for Student
Retention and Success

School Infrastructure

Strategies to Improve Student Learning

Assisting in  Understanding Class
Content

Answers support the elaboration and
automatic grading of lessons from the
evaluation activities.

Answers focused on preparing lessons
faster and more practically (1) because
they waste much time; (2) to offer
more attractive classes for students.

Answers expresses the desire to auto-
mate several bureaucratic activities
carried out daily by teachers.

Answers on obtaining superhuman
intellectual abilities. Numerous justi-
fications are provided.

Answers on the lack of time to devote
to personal and professional develop-
ment.

Answers discuss personal skills and
competencies that need to be honed
through experiences throughout your
career.

Answers on the lack of material and
technological resources for teachers
and students.

Answers express feelings of profes-
sional devaluation due to (1) working
conditions, (2) scarcity of resources,
(3) financial support, and (4) transport
infrastructure.

Answers underlines the concern of
teachers about offering better condi-
tions to students in terms of human-
ity and social equality and the rea-
sons that lead students to drop out of
school, for example, the absence of
parents at school.

Answers emphasizes that institutions
do not have the basic infrastructure to
promote quality education.

Answers discusses the difficulty of
understanding students and teaching
uncertainties about students’ assimi-
lation and fixation of contents.
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Table 3 continued

Sub-Themes

Description

Development of Teaching Activities
with Appropriate Deadlines

Identifying Students’ Doubts or Diffi-
culties

Immersive Learning

Increasing Student Participation in
Classes

Individual Support

Students’ Motivation

Students’ Feedback

Teaching Methodologies

Understanding Students’ Motivations

Answers report difficulties in meet-
ing delivery deadlines due to the high
number of academic activities/tasks
with a high degree of demand and
responsibility.

Answers reveals the desire to identify
and understand the students’ doubts
and academic difficulties.

Answers express an interest in inter-
acting with the content in an immer-
sive way.

Answers demonstrates the challenges
in promoting student participation.

Answers expresses concerns about
offering students individual and per-
sonalized pedagogical support.
Answers convey the enthusiasm to
motivate students.

Answers report an interest in efficient
feedback that contributes to pedagog-
ical practice.

Answers indicate the fascination with
new teaching methodologies regard-
ing knowledge, recognition, and con-
summation.

Answers suggests that students’

intrinsic motivation has been the
subject of interest.

Includes identified themes, subthemes, and descriptions

the time-consuming nature of grading assignments can be challenging for teachers
with multiple classes and numerous students. The participants’ responses emphasize
a need for time optimization and greater efficiency in grading, suggesting that auto-
matic grading and automating the activity development process can offer numerous
advantages. Educators can focus on class preparation and planning by streamlining
bureaucratic processes, ensuring pedagogical excellence, and preventing physical and

psychological exhaustion.

“Ability to grade assignments/assessments as if by magic to optimize my time, so
I can use the extra time to dedicate myself to studying and planning the lesson.”

“Grading assessments and activities to avoid physical and mental exhaustion and

improve physical health.”

“Grading the activities to focus only on the execution part (the class itself).”

@ Springer



Int J Artif Intell Educ

“Automatically corrected assignments to have more time for other day-to-day
activities.”

“Develop and grade assessments to evaluate the student throughout the classes.”
Lesson Planning

The analysis of the participants’ responses highlights that lesson planning and class-
room management is a complex activity that requires time and dedication from the
participants, mainly because many of the didactic resources that assist in the teaching-
learning process need to be created from scratch or updated regularly. The findings
indicate that the participants focus on preparing classes more practically and quickly.
This rush is often justified by the desire to optimize their time to concentrate on
activities they consider more important.

“Device for preparing high-tech didactic material through speech and writing.
So I don’t have to spend time typing, pasting images, etc.”

“Super speed of updating my contents quickly and preparing classes.”

“Preparing slides faster saves time in material preparation and provides more
time to develop dynamic classroom activities.”

“Stopping time to prepare better lessons.”

“Creating more time to better plan classes and activities.”
School Bureaucracy

A common complaint among the participants relates to the bureaucratic activities
carried out daily. Upon analyzing participants’ responses, it can be seen that the
bureaucracy mentioned comprises not only those performed in the classroom, such as
filling out class diaries, recording school attendance, and registering student grades,
amongst others, but the whole set of control activities. Not surprisingly, teachers’
responses highlight the urgency of the issue to reduce this burden in their activities.
Moreover, some teachers show an interest in automating these operational tasks.

“Automate operational tasks.”

“More teaching and less paperwork because the meetings don’t give us time to
teach more classes and with quality.”

“Do the bureaucratic part for more time for planning. I would probably be less
tired.”

“I would like student attendance to go to the academic system by magic, without
me having to open the system and register attendance.”

“Ability to fill in diaries as if by magic to optimize my time so I can use the extra
time to dedicate myself to study and lesson planning.”
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Personal and Professional Growth

This section will explain the three codes generated from the participants’ responses,
which were used to conclude the theme of “Personal and Professional Growth” (lower
left of Fig. 4). This theme comprises 91 teacher responses, representing 14.49% of
the observed responses.

Cognitive Abilities

The findings suggest that participants are motivated by an aspiration for knowledge,
seeking to expand their intellectual capacities without limitations. Some participants
posit that enhanced cognitive abilities could result in more productive communication
and stimulating learning experiences. In contrast, others contend that a deeper under-
standing of reality and the complete utilization of their cognitive skills can foster
ingenuity in pursuing their objectives. Therefore, Participants perceive these capabil-
ities as a mechanism to address adversities and expand possibilities, irrespective of
their nature.

“Superintelligence to perceive potentialities and limitations more quickly.”

“Speed, greater discernment in detecting unproductive students more quickly
and accurately, who secretly mess up and sometimes disturb the class, to better
separate these students, informing the pedagogical team.”

“Super memory to remember their names and each of their activity answers. A
super memory that doesn’t need to store many files and optimizes class time
(I would not forget anything and would comment on everything from all the
students, making them ashamed to lie, for example).”

“Super memory, ease in learning languages, so I wouldn’t need to depend on a
support material, I could use more content from other sources more easily.”

“Imagination at a high degree of execution to have creativity.”

“Having super knowledge to know all the answers.”

“Omniscience to know all the answers.”

“My superpower should be that of eidetic memory to remember and quote
perfectly the theoretical assumptions and sources of information essential to
constructing the scientific discourse I use in my lecture.”

“Superintelligence, encyclopedic memory, problem-solving ability above any-
thing that has ever existed and knowledge above what exists to have an ease

in the transmission of knowledge, greater security, absence of memory failures;
would make learning even more interesting and accessible.”
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Continuing Education

In the current study, participants commented that the lack of sufficient time is a barrier
that prevents them from continuous learning, whether for their benefit, such as learning
a new language, or to be able to provide meaningful, richer pedagogical experiences
for students as a result of deepening their knowledge in the field. At first glance, iden-
tifying the reasons for these participants’ responses was puzzling. However, looking
at neighbouring sub-themes, it is reasonable to suggest that teaching work continues
after teachers leave the school environment. It is common for teachers to take work
home, given the number of tasks. Therefore, incorporating more free time into the
professional’s workday may provide teachers with more significant opportunities for
personal growth.

“Be divided as many times as necessary to study approaches, methodologies,
resources, among others, contributing with the time of continuing education.”

“Increase the number of hours in the day for studies.”
“More time for personal study.”
“More study time for classes with greater quality and depth of content.”

“Read all the material I need to study. Having more studies helps to have more
discussions and updated material.”

“Optimize my time so that I can use the extra time to dedicate myself to studying
and planning the lesson.”

Teachers’ Competencies and Abilities

The analysis of teachers’ responses regarding competencies and abilities reveals a
shared desire to enhance the efficiency and quality of teaching. Participants emphasized
the importance of optimizing time for personal studies and lesson planning, improving
perception and memory skills, and developing proficiency using technological tools
and innovative methodologies. These trends indicate educators’ ongoing pursuit of
enhancing their competencies and abilities to address students’ needs more effectively
and engagingly.

“Dealing with the media to facilitate interaction with students.”

“Greater ability to deal with technological tools on the computer to prepare
classes with more eye-catching audiovisual resources.”

“Be an expert in different teaching tools to diversify teaching methods, work
with new approaches such as a flipped classroom.”

“Master all digital resources.”
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On the other hand, teachers acknowledge that, given the significant changes in
the school environment, including those related to technology, it is essential to have
greater academic flexibility to adapt and make the most of situations.

“Adjust to classes after initial class schedule adjustment discussion.”
“Ability to carry out theoretical and practical classes in sequence.”

Furthermore, the findings reveal that sustaining an organized work environment may
be challenging for certain teachers due to the excess academic tasks during working
hours. Some responses suggest that organization is a skill that some teachers aspire to
have.

“Organizing a stable agenda.”

“Organization facilitates the overall workflow. When everything is organized,
including paperwork, class notes, and corrected activities, carrying out tasks
becomes easier, and it is possible to deliver better results, especially since the
dynamics of virtual classes differ.”

Public Educational Incentives

This section will explain the three codes generated from the participants’ responses,
which were used to conclude the theme “Public Educational Incentives” (upper left
of Fig. 4). This theme comprises 158 teacher responses, representing 25.16% of the
observed responses.

Didactic and Technological Resources

In a scenario of limited investment in Brazilian public education, the absence and
insufficiency of necessary resources to promote teaching and learning has become
commonplace. According to the participants, schools need to provide teachers and
students with the necessary school supplies to achieve the goals of quality education.
Participants mentioned the need for various teaching and learning resources for their
classes and research, such as textbooks, equipment, and technology. Furthermore, for
participants, digital inclusion is necessary for the country to achieve quality and more
equitable education, especially for remote teaching.

“Materials, resources, and media. For the public institution of Elementary Edu-
cation, I must take all my materials to teach more attractive classes.”

“Good didactic material that would enable the student to have conditions for
better learning (books, computers, tablets, internet).”

“Quality materials and resources for a quality class. Where no one was left
without understanding the class, and lost the content, and that the content was
understood and synthesized by the student.”
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“That students have the proper access to technologies to maintain a more marked
presence and participation during remote teaching.”

“I would give good internet and computers to my students so that they could
participate at home with the guarantee that they could access the contents in
the best possible way with the guarantee that the available resources would be
enough to follow the class.”

Public Policies to Incentivize Teaching

The findings suggest that teachers’ responses highlight the importance of cultural
exchange and collaboration in a technologically driven information age. Participants
in this study acknowledge the value of intercultural exchanges to expand intellec-
tual horizons and supplement their research and academic training. Moreover, their
comments prompt reflection on the significance of such public policies in Brazil, partic-
ularly regarding knowledge production and the demands of an increasingly globalized
society.

“Pairs in the same area to conduct more discussions.”

“I'would live a teaching experience of at least one year with teachers from Finland
to learn in practice how to use engaging teaching methods that promote greater
learning for students.”

Furthermore, participants’ responses expose the excessive workload, the devalua-
tion of the profession, dissatisfaction with the school infrastructure, and the lack of
equipment and technological resources. The consequences of this reality on teachers’
physical and mental health are evidenced in responses such as these:

“Healing factor for immediate recovery from physical and mental fatigue.”
“Patience and motivation to be motivated to teach.”

Emphasizing the significance of financial and social status in the teaching pro-
fession, it becomes apparent that this subject has led to academic reflections and
discussions from different perspectives. Salary is a factor predominantly associated
with workers’ prestige and social recognition. However, the low remuneration in par-
ticipants’ responses strongly indicates the increasing devaluation of the profession in
Brazil.

“Increase my salary whenever I need it for motivation.”
“Improvement in salaries and compatible with the workload and dedication.”

“I would like you to see me as a professional who needs to be valued and has
limitations. (I wouldn’t want to be super to beat the system, but let the system
know I'm fragile and need recognition).”
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Public Policy Support for Student Retention and Success

The participant teachers expressed the importance of parental involvement in their
children’s education. They highlighted the need for educational policies that strengthen
school-family relationships, aiming to shape interactions between schools and families
without implying causation or direct influence. A trend observed in the responses
indicates that teachers believe family support plays an important role in students’
academic trajectories, improving their motivation, participation, and retention of the
taught content.

“Monitoring of parents in the school trajectory of students.”
“The family actively participates in developing the children’s education.”

On the other hand, this theme highlights the challenges teachers face in pursu-
ing humanity and equality. The concept of justice highlighted by the participants’
replies indicates a personal initiative that challenges the notions of equality, equity,
and equal opportunities. Participants would like to offer greater conditions to stu-
dents in their own way. The dominant understanding of equality begins with ensuring
material conditions for the family. Furthermore, the responses revealed an even more
serious problem: the significant increase in students exposed to food insecurity.

“Having the superpower to create jobs, income, and food, never to see my stu-
dents drop out of school again because they have to work to help their family, so
they don’t go hungry. It would help to have a higher attendance rate, participation,
and reduced school drop-out.”

“I would provide material conditions for the family so the students would not
have to work to supplement the household income. Rested, attentive, and well-
fed students can better retain what they have learned. It would also be possible
to improve how students relate to homework, having time and conditions to
continue their studies in case they could perform better inside and outside the
classroom.”

“The only power I would like to have would be to help students with the problems
they bring with them in their life stories: difficulties with family, work, and
transportation. This would allow students to concentrate on the lessons, helping
with their studies fully.”

“Make sure that all students have the same teaching-learning conditions. Students
will be able to get better activities in their homes. The class would be more
enjoyable, it would flow smoothly, the students would be more motivated, and
consequently, we would have better learning of the contents and better results.”

School Infrastructure

Participants’ responses showed a negative perception of the Brazilian schools’ infras-
tructure, as the physical space made available is often in poor condition and inadequate
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to promote diverse experiences with students. The findings suggest that the precari-
ousness and the lack of pedagogical materials gradually contribute to students’ and
teachers’ demotivation. Despite this adversity, we have noticed participants who aspire
to improve school infrastructure and construct technological parks.

“I would also provide adequate environmental conditions for the study (silence,
chair, table, air conditioning, a quiet and peaceful place).”

“A better structure in all schools.”

“Improvement of living laboratories (apiaries) at my school to carry out a prac-
tical demonstration of the contents I teach.”

“A decent technology park at the university with operating systems based on

free software.”

Strategies to Improve Student Learning

This section will explain the ten codes generated from the participants’ responses,
which were used to conclude the theme “Strategies to Improve Student Learning”
(upper right of Fig. 4). This theme comprises 302 teacher responses, representing
48.09% of the observed responses.

Assisting in Understanding Class Content

Identifying whether students understood the content was the most discussed topic
among the participants, as understanding the content is crucial for meaningful experi-
ences. Despite the immense effort made by teachers to facilitate student learning, the
finding suggests that the teachers cannot strongly assert whether or not the students
understood them in the way they intended. In this context, uncertainty about whether
or not the student understood the content was present, in one way or another, in a
significant portion of the participant’s responses.

“Telepathy, to capture what the students are understanding.”

“Read students’ minds to know how the information is getting through.”
“Read thoughts to learn how students are assimilating.”

“Read minds to know who understood the content taught.”

“Mind reading to know how much content they absorbed.”

Development of Teaching Activities with Appropriate Deadlines
It is not surprising that work takes up a considerable amount of time in an individual’s

life, and many people agree that it is the most time-consuming activity course of one’s
life. However, teaching involves many invisible, highly demanding, and responsible
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tasks, and it is difficult for them to meet all the most optimistic expectations. The
participants’ responses highlight the problematic nature of this issue and the anxieties
and concerns it generates.

“Having the power to duplicate myself to accomplish multiple things simulta-
neously.”

“Multi-man to do multiple tasks at the same time.”

“To do two or more things simultaneously to reduce the number of hours
employed.”

“Create one more week per month to handle the demands.”
“Cloning to perform other demands simultaneously.”

“The power of self multiplication, to create other selves to share the tasks. Teach
classes while others take care of other tasks.”

Identifying Students’ Doubts or Difficulties

The reasons why students have doubts or learning difficulties are broad. Unlike doubt,
which is seen as uncertain, learning difficulty is presented or perceived in childhood.
The findings show that participants yearn to understand students’ difficulties better and
minimize their doubts in this context. In this way, they highlighted their concern for
students since, in many cases, this issue can negatively affect individuals’ development.

“Act in the minds of my students to know the path of difficulty encountered in
the learning process and to know the appropriate teaching strategy.”

“Psychic powers to better understand their difficulties so that I could under-
stand the individual demand of each student and have a greater possibility of
intervention.”

“Read minds to discover the student’s difficulty since most freeze up and don’t
say the difficulty.”

“Vision beyond reach to find out what learning difficulties students have.”
Immersive Learning

In contemporary times, technological advances have provided new teaching and learn-
ing forms that break traditional models. The findings suggest that teachers have been
committed to using technologies that promote meaningful learning for students, trans-
forming learning environments into more dynamic, interactive, and contextualized
spaces. In this context, AR and VR emerge as technologies that, by enabling new
realistic learning experiences, have drawn the participants’ attention.

“Telekinesis to move objects from one place to another, such as books from a
library to a classroom.”
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“Materialize what we teach in the form of images and elements captured by the
senses, such as wind, smell, cold, heat, etc., to make what is said and discussed
with students experienced, making learning meaningful.”

“Telekinesis and Illusion Creation to illustrate problems interactively and easily
to understand.”

“Green Lantern’s Ring to produce an interactive, motivating, and diverse envi-
ronment to address various topics.”

The VR allows immersion in synthetic three-dimensional environments using mul-
tisensory channels, creating realities close to the user’s reality with visual, auditory,
and tactile effects. Unlike AR, which blends virtual and real-world elements, VR
creates an entirely new environment independent of the real world. This technology
allows participants to have unique experiences, such as exploring historical locations
or observing the Milky Way in detail.

“Projection of thoughts to project a virtual reality.”

“I could transport us to a virtual reality where everyone could interact with
the class elements as if they were there, without the need to just see through a
screen.”

“Being projected into the space where each student was, as in a three-dimensional
projection to make physical contact possible, even in an illusory 3D projection
space.”

Another point of interest for participants is creating simulators that allow students to
test their ideas, theories, or hypotheses, as they can reproduce and simulate a system’s
behaviour, which can trigger significant changes in knowledge construction. With this
technology, students can conduct expensive and difficult-to-experience experiments
in practice.

“Use more simulators to do the practical part in the same place for each student.”

On the other hand, if teleportation were possible, students could overcome the lim-
itations of the classroom context. They could observe and interact with a realistic
environment, and if it were possible to travel through space-time, they could con-
template a particular moment or period in history. According to participants, these
experiences are beneficial for providing realistic and engaging experiences for stu-
dents, thereby enhancing their learning potential.

“Teleportation for more realistic examples. It would help contextualize and
understand the concept.”

“Change the physical space with students to see work situations live.”

“Teleport students to locations and situations.”

@ Springer



Int J Artif Intell Educ

“A teleportation machine would be great for taking students on technical visits.
It would replace the bus since it is never available, and even when it is, you need
a driver, and even when you have a driver, you need to pay the fuel.”

Increasing Student Participation in Classes

The findings suggest that the teachers often face low participation, lack of interest
in topics, and parallel conversations among colleagues, regardless of the school or
educational level. The cause of such behaviour is unclear, but the word “disinterest” is
frequently used. According to the findings, different teaching-learning strategies are
employed to engage students, encouraging spontaneous participation in class.

“Promote more efficient interactions in the classroom that lead to the best collec-
tive and individual learning (e.g., group work, simulations, debates, experiments,
visual schemes, interventions in reality, reflective and manual production exer-
cises, or repetition/fixation exercises).”

“Something that involved the students so that I didn’t have to stop the class to
call the students’ attention or scold them for some reason. So that all my energies
would be on developing my reasoning, attending to everyone, and thinking about
the best way to present the content.”

“Maintain the students’ interest always to have dynamic classes with full partic-
ipation in the classroom. It would help with student participation, so you don’t
feel alone or depositing information without knowing if the student is learning.
If it’s meaningful to him.”

“A little hypnotism to engage students.”
Furthermore, the responses indicated the participants’ concerns and several attempts
to get students to turn on their cameras and communicate in remote teaching. Accord-

ing to them, having cameras on encourages social interaction and is also a way of
monitoring and involving everyone in effective nonverbal participation.

“Have students open the camera a little before or after the remote class to get
closer to the students.”

“Leave student’s computer cameras on to show the student’s presence and actual
participation.”

“Open cameras, microphones, and alike for greater interaction.”

“Make the student participate more in the class and turn on the camera to be
motivated and know the students’ reaction.”
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Individual Support

As the number of students per classroom gradually increases, the ability of teachers to
provide individual attention has become more challenging. Although overcoming bar-
riers is complex, the research findings indicate a shared aspiration among participants
who oppose this trend. Moreover, aiming to contribute to improving the teaching
and learning process, the participants’ responses are directed toward the interest in
strategies to monitor their students individually.

“Multiply me to handle large classes and meet students’ difficulties almost indi-
vidually. (Smaller classes would have addressed my desire without needing
superpowers.).”

“Stopping time to increase student attention spans.”

“Be divided as many times as necessary to track each student individually.”

Students’ Motivation

Motivation plays a fundamental role in teaching and learning processes in the academic
field. Analyzing teachers’ responses highlights the importance of motivating students
in the educational process. Some statements from the participants indicate their efforts
to motivate students. Undoubtedly, teachers work individually, relying on their creative
minds to make studying a motivating experience.

“Power to stimulate my students regarding the object of study to motivate them.”

“Awake interest and willingness to investigate mathematics for the class to flow
more smoothly. Classes would no longer be so “listening to the teacher” and
would start to have discussions and questions.”

“Motivate students not interested in the content to pass the knowledge on to more
people.”

“Power to encourage by looking.”

Students’ Feedback

Analyzing teachers’ responses reveals the significance of students’ feedback in the
learning process. A noticeable trend in the data suggests that educators desire a deeper
understanding of their student’s needs, motivations, and challenges. The findings have
suggested that by addressing these aspects, teachers can tailor their teaching methods
and create a more effective and inclusive learning environment for all students.

“Reading the students’ minds to understand how they receive my teaching prac-
tices differently, knowing how they receive my classes, and being able to redirect
or focus on specific points that would remedy the gaps in their learning.”

“Mind reading to see what students are thinking about the lesson.”
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“Mind reading to see how the student is perceiving the lesson.”

“We cannot know how exactly we are being received.”

Teaching Methodologies

The teaching methodology constitutes support at the disposal of the teacher. Intuitively,
it is evident that participants aim to study and examine different teaching methodolo-
gies to improve the current situation of national education. Participants have been
seeking appropriate methodologies for the student’s learning process. In addition,
teachers mention the importance of having more time and resources to implement
active methodologies and technologies that promote student engagement and auton-
omy.

“Being the owner of active methodologies to give differentiated classes, being
careful to help my students more and more; since they have difficulties and
because they follow a rigid curriculum, many times, they do not meet their
needs, and with these methodologies, it would be possible to help them.”

“Being able to apply a teaching methodology that was efficient for all students.”

“More time to check more ways of applying digital methodologies to the remote
format; with the change in the class profile, it would help in the dynamism of
the discipline.”

“I'would like to have a magic dust that would excite students about active method-
ologies (they understand and participate, but it takes time. The magic dust would
allow students to break the inertia when I apply active methodologies. They are
still too lazy when they need to be active in the classroom).”

Understanding Students’ Motivations

Human motivation has been observed and studied since an early age and is likely
the essential factor for improving learning. The findings reveal that some participants
wanted to understand better students’ needs to focus on their real interests. Some stated
that the ability to read the student’s minds or their state would help to understand
their motivations better. Therefore, it is not an exaggeration to state that the topic of
motivation related to learning has been of interest to participants.

“Ability to read my students’ emotional state to provide adequate structure for
learning to be light and rich. It would help to understand my students’ motivations
better and present a science that helps us understand the universe, including the
ills caused by our choices and ignorance.”

“Mind reading to understand student needs better.”

“Having the mind-reading superpower would help focus on the students’ real
interests at that moment.”
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“Psychic powers to better understand what students expect so much.”

“Read students’ minds to learn their needs and understand their motivation.”

Summary of Findings

Our analysis identified four themes from the 628 sentences given by the responses of
410 Brazilian teachers. The four themes have sub-themes; in this case, 20 sub-themes
(groupings) were found, as seen in Fig. 5. In summary, the findings suggest that teachers
desire automated grading and activity development processes, freeing up more time
for planning. Specifically, they seek more efficient ways to prepare teaching materials
and handle bureaucratic tasks. Time constraints hinder ongoing education and skills
enhancement, particularly in adopting technology and innovative approaches.

Additionally, teachers highlight the importance of improvements in four main areas:
educational and technological resources, public policies for teaching incentives, poli-
cies for student retention and success, and school infrastructure. They express the need
for more advanced resources and incentive public policies, underlining the importance
of cultural exchanges and better working conditions. Furthermore, teachers face chal-
lenges in ensuring student comprehension, indicating a wish to be able to “read the
minds” of students for a better understanding of assessment. Time is a significant con-
cern, with many teachers wishing for the ability to duplicate themselves to accomplish
multiple tasks simultaneously.

To enhance learning experiences, teachers expressed interest in utilizing advanced
technologies, such as augmented and virtual reality. Despite the growing number of
students per classroom, teachers express the need to provide individualized attention to
students. They deem student motivation crucial and seek creative ways to make study-
ing a stimulating experience. Emphasizing the value of student feedback, they find it
assists in better understanding student needs, motivations, and challenges, allowing
for more effective and inclusive teaching.

The extension of our themes to encompass these four broader areas directly reflects
our study’s comprehensive approach. Understanding that the effectiveness of smart
classrooms is not limited to the mere integration of technology but also heavily relies on
the broader educational ecosystem, our study delves into these critical areas. Address-
ing these themes is fundamental in creating a smart classroom environment that is not
only technologically advanced but also supportive of the holistic needs of educators.
This expanded focus ensures that the smart classroom concept is grounded in practi-
cality and relevance, addressing real-world educational challenges and opportunities.

Discussion

In this study, we aimed to understand teachers’ needs regarding smart classrooms
and their technologies based on their subjective work environment and professional
aspirations. To achieve this goal, we collected data from 410 teachers and conducted
an inductive thematic analysis of their responses, using two questions we asked them
(subsection “Materials and Method”) as a basis. Our study identified core themes that
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' Didactic and technological resources 6.85'

Public policies to incentivize teaching 10.19

Public policy support for student retention and success 5.57'

School infrastructure 2.55

)D of ical and d iviti Personal and Professional Growth

@ rublic i i jies to Improve Student Learning

Fig.5 Frequency for the four themes and sub-themes listed and grouped by colour

offer research opportunities in the context of technology adoption in education, focus-
ing on developing smart classrooms. Our findings revealed four relevant themes: (1)
development of methodological and bureaucratic activities, (2) personal and profes-
sional growth, (3) public educational incentives, and (4) strategies to improve student
learning.

The wide variety of themes and sub-themes identified (Fig. 4) suggests the need
to understand teachers’ needs from a broader perspective. Therefore, based on the
thematic analysis, this section will address our research question - “How can smart
classrooms be designed to meet teachers’ subjective and a priori needs?” - followed
by a reflective discussion on the reported themes.

Development of Methodological and Bureaucratic Activities

The first theme, “Development of Methodological and Bureaucratic Activities,” high-
lights that participants face many challenges in grading assessments and activities,
ranging from multiple-choice questions to research papers. They seek innovative and
automated solutions to optimize their time and ensure an accurate and fair assessment.
In this sense, smart classrooms must be designed to assist teachers in grading these
activities, offering solutions that reduce the time spent on grading. A viable alternative
that can be implemented is integrating an automated grading system. These programs
can analyze student assessments and provide immediate feedback to teachers and
students (Ramesh & Sanampudi, 2022; Ke & Ng, 2019; Taghipour & Ng, 2016).
Another point highlighted by the participants was the development of formative
assessments that allow the evaluation of students continuously throughout the classes
rather than only at specific times. An option would be the use of Learning Man-
agement Systems (LMS) platforms, such as Moodle, Blackboard Learn, and Google
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Classroom, which allow the creation of tests, quizzes, and assignments, with options
to customize the way questions are presented (Kasim & Khalid, 2016; Bakla, 2018).
Specific assessment development tools, such as Kahoot, Quizizz, and Google Forms,
can also be helpful for this purpose, offering advanced resources for creating questions
in different formats (multiple-choice, true/false, among others.) (Chaiyo & Nokham,
2017).

However, we would like to point out that although several tools and platforms are
available to help teachers grade and develop assessments, they are still considered
semi-automated. This means that, despite providing valuable help, the teacher must
access and use these tools since they still need to be fully automated. In this sense, for
technological innovations to be effectively incorporated into the educational context,
they must be developed to eliminate the need for manual intervention by the teacher
and allow them to focus on activities that require human skills, such as pedagogical
planning and learning mediation for students.

Although automated grading tools can assist teachers in saving time while grading
assessments, concerns still exist regarding the need for more time for lesson planning,
which can compromise the quality of planned content and activities. Currently, no
tool can automatically create educational content entirely and satisfactorily. Despite
advanced Al technologies that can generate texts, images, and videos, they cannot
completely replace the work of a teacher or a professional specialized in creating
educational content (Brown et al., 2020; Xu et al., 2018; Li et al., 2018). In this
sense, smart classrooms should be designed to assist teachers in creating high-quality
teaching materials, saving time and effort. Furthermore, given the increase in internet
access, smart classrooms can become a valuable part of the educational environment
by allowing for the automatic sharing of educational content with students.

In addition to concerns about the lack of time for lesson planning, participants also
report the need to reduce administrative workload. This demand is further aggravated
in routine and repetitive tasks such as attendance and grading records in the academic
system. Research findings emphasize automating administrative tasks in designing a
smart classroom in this context. Regarding attendance, various technologies can be
used to assist in managing students’ school attendance. In face-to-face teaching, there
are several options available, such as identification cards equipped with Radio Fre-
quency Identification (RFID), Near-field Communication (NFC), or Bluetooth Low
Energy (BLE); security cameras equipped with facial recognition technologies, fin-
gerprint readers, or systems that use load and reflection sensors (Akbar et al., 2018;
Shen et al., 2014; Bhavana et al., 2020; Alassery, 2019). Each of these technologies
has advantages and disadvantages, such as ease of use, cost, and accuracy in read-
ing. On the other hand, in remote teaching, it is possible to use the camera of mobile
devices such as computers and smartphones to identify students in a video stream and
supervise their presence, ensuring participation in virtual classes (Ilieva & Yankova,
2020). These options for managing attendance are essential to ensure students meet
attendance requirements. Moreover, automating these tasks can help reduce teacher
stress and fatigue, decrease errors, and increase the accuracy of information recorded
in the academic system.

@ Springer



Int J Artif Intell Educ

Personal and Professional Growth

The second theme, “Personal and Professional Growth,” suggests a strong interest on
the part of participants in enhancing their cognitive skills. In this context, Al present
in smart classrooms emerges as a valuable resource to support the expansion of teach-
ers’ cognitive abilities (Holstein et al., 2019). Al can assist in information processing,
knowledge enrichment, and human intelligence expansion through data analysis and
algorithms. For example, the smart classroom can support teachers in quickly accessing
relevant and accurate information, allowing them to focus on transmitting knowledge
without worrying about memorizing content. Al can help teachers manage and orga-
nize information efficiently to access it quickly when needed. Smart classrooms can
also provide additional resources, such as videos and images, to supplement class
content and enhance students’ learning experience.

In particular, Al can suggest data-driven recommendations to help teachers’ aca-
demic development. Al could recommend content for teachers to review and adjust
their teaching approach (Jensen et al., 2021) based on areas where students face the
most difficulties. Based on the results of tests and student evaluations, the system
could suggest more effective teaching methods that other teachers could use in sim-
ilar situations. Smart classrooms could collect and analyze data to provide insights
into teachers’ performance in specific areas and suggest ways to improve (Kim et al.,
2018; Jensen et al., 2020). The smart classroom could provide suggestions for courses,
conferences, and other professional development opportunities to enhance teachers’
cognitive abilities. Additionally, Al could be employed to create personalized training
programs tailored to the specific needs of each teacher.

By helping teachers enhance their cognitive skills, smart classrooms can positively
impact improving their professional skills and competencies. In other words, by pro-
viding resources and tools to enhance teachers’ cognitive abilities, smart classrooms
can also identify training and improvement needs in other areas of their professional
competencies. In turn, developing these competencies can lead to improved perfor-
mance and, consequently, the identification of new training and improvement needs,
creating a continuous cycle of growth and professional development for teachers.

Additionally, it is fundamental to consider the orchestration and management of
smart classrooms in this context of personal and professional growth. The strategic
integration and effective management of technologies and pedagogical practices are
essential for creating a harmonious and effective learning environment (Tissenbaum &
Slotta, 2019; Mercier, 2016; Prieto et al., 2015; Dillenbourg, 2013). Effective orches-
tration empowers teachers to fully leverage intelligent tools and digital resources,
facilitating a smooth transition between distinct learning activities and promoting a
more integrated and coherent educational experience for students.

In the responses, we found that teachers already recognize the need for training
in different teaching tools to improve their professional skills and competencies. A
recent study by Bogiannidis et al. (2022) also supports this perception of teachers
regarding the need for technology training. The author investigated the lived experi-
ences of a visual art teacher in a smart classroom, revealing that adopting educational
technologies can be complex and challenging for teachers, especially those without
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technical training. However, the study demonstrated that by embracing these tech-
nologies, teachers could positively transform their pedagogical practices, allowing the
incorporation of new teaching resources and strategies. This highlights the importance
of training in technological tools and innovative pedagogical approaches for improv-
ing the quality and efficiency of teaching, as expressed in the teachers’ responses in
our study.

However, implementing smart classrooms could identify these needs in advance
and even point out others that teachers may not have perceived. Regarding this theme,
an exciting point in participants’ responses concerns their ability to organize their
work. In this sense, smart classrooms can offer various file and administrative process
management tools, allowing teachers to manage their resources and time more effi-
ciently. Additionally, an Al-based personal assistant can send notifications and alerts
to help remind them of important tasks and commitments, providing valuable support
for professional agenda management (Yacef, 2002).

However, the present research highlights that the lack of time is one of the main
obstacles teachers face in dedicating themselves to their studies. This fact compromises
their professional development and the quality of the education offered to students.
In this sense, even though smart classrooms can help teachers improve their cognitive
skills and develop their competencies and abilities by providing recommendations on
areas that need improvement, it is essential to emphasize that these recommendations
alone are insufficient. For teachers to truly benefit from smart classrooms, they need
adequate time and resources to dedicate to continuing education outside the classroom.
Without this additional support, smart classrooms may not reach their full potential
and may not significantly improve teacher and student performance.

One direct implication of the findings is the need to optimize teachers’ time, and
smart classrooms can be an effective alternative to support their continuing education.
By incorporating technological resources that automate administrative and routine
processes, smart classrooms can free up more time for teachers to dedicate to their
studies. In this way, teachers can improve their skills and competencies, enhancing
the quality of the education offered to students. Therefore, education managers and
stakeholders must be aware of the benefits of smart classrooms and the importance of
providing teachers with time and resources for their continuing education to perform
their role more effectively and contribute to the educational success of their students.

Public Educational Incentives

The third theme, “Public Educational Incentives,” highlights the importance of school
infrastructure to ensure a suitable learning environment for students and teachers. The
findings indicate that participants’ needs regarding school infrastructure are broad and
varied, ranging from basic structural improvements such as functioning equipment and
adequate ventilation to more advanced technological resources such as environmental
rooms for demonstrations and technological parks. A simple and effective solution to
improve school infrastructure is to use loT devices, such as smart sensors, to monitor
and detect equipment failures such as lighting, ventilation, and heating systems (Huang
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et al., 2019). The IoT devices would allow for preventive maintenance, reducing the
need for costly corrective repairs.

Integrating smart sensors in classrooms is one of the most innovative ways to provide
asuitable and effective learning environment. For example, temperature, humidity, and
air quality sensors can be installed to monitor the physical environment in real-time
and automatically adjust lighting and ventilation based on occupancy, ambient temper-
ature, and other relevant factors, preventing distractions that could impair academic
performance (Chang et al., 2018; Uzelac et al., 2015). Smart classrooms can also
be equipped with advanced technologies, ensuring teachers can access the necessary
technological resources to provide quality education. By consistently and effectively
integrating technology into the educational environment, teachers can use virtual and
augmented reality tools to create even more engaging and interactive teaching experi-
ences for students, making learning more attractive and effective (Elkoubaiti & Mrabet,
2018; Sahin & Yilmaz, 2020).

Additionally, didactic and technological resources are fundamental to providing
quality education. By integrating these resources into the teaching-learning process,
teachers can explore content dynamically and interactively, making classes more
attractive and exciting for students. The importance of these resources can be readily
evidenced in participants’ responses, highlighting how using interactive books, com-
puters, tablets, and other technologies can improve the quality of education. In this
sense, smart classrooms that integrate didactic and technological resources become
essential to providing an educational environment suitable for the challenges of today’s
society. The study by Selim (2020) supports this idea, demonstrating that external and
technological factors, such as normative, coercive, and mimetic pressures, as well as
the perceived relative advantage, complexity, compatibility, and instructor’s I'T knowl-
edge, are the main drivers for the adoption of smart classrooms in the context of higher
education.

From the participants’ responses, smart classrooms, which combine advanced tech-
nologies and innovative pedagogical strategies, have the potential to support public
policies aimed at student retention and success in school, as they offer several advan-
tages over traditional teaching methodologies. Moreover, the study by Kim and Jang
(2020) reinforces the importance of the sustainable integration of technology in smart
classrooms, especially in underserved areas. This study revealed that teachers in
smart classrooms are motivated to continue technology integration when they observe
positive changes among students after implementing smart classroom technologies.
Therefore, the adoption of such technologies can not only improve the quality of
education but also increase teachers’ motivation and commitment.

One of the main advantages of smart classrooms is that they provide a more inter-
active and collaborative environment for students. Another advantage is that learning
systems can provide personalized and immediate feedback to students, identifying
areas of incredible difficulty to improve. Smart classrooms can also help personalize
learning, allowing students to progress at their own pace and skill level. These mea-
sures can increase student engagement, as they feel they are progressing in their skills.
Additionally, smart classrooms also have the potential to facilitate communication
among teachers, students, and parents. Through mobile devices, information about
students’ academic progress can be easily accessed by parents in real time, allowing
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for early intervention if necessary. This can result in greater parental involvement in
the educational process and student academic success.

The incorporation of smart classroom technologies, as mentioned in the study by
Kim and Jang (2020), can have significant implications for student retention and suc-
cess, as well as teacher engagement and quality of life. By investing in advanced
infrastructure and technological resources, schools can create more dynamic, interac-
tive, and personalized learning environments that cater to the needs of both students
and teachers.

Furthermore, smart classrooms also have the potential to encourage teaching and
improve teachers’ quality of life and performance. This is because these smart class-
rooms have advanced technologies, which optimize the teacher’s time by automating
various administrative and operational tasks that are not directly related to the teaching-
learning process. Additionally, they provide tools like digital whiteboards, projection
systems, and audio and video equipment, which can boost student involvement and
engagement, making teachers’ teaching and learning processes more dynamic and
engaging. In this sense, smart classrooms can encourage the appreciation of teachers,
offering a modern and updated infrastructure that recognizes their importance in the
formation of students. This recognition can increase the self-esteem and motivation
of teachers, making them more committed and engaged with their profession.

Strategies to Improve Student Learning

Finally, the fourth and last theme, “Strategies to Improve Student Learning,” highlights
that students’ motivation is directly related to active class participation. Research
has indicated that students’ perceptions of their learning environment are crucial in
influencing their motivation and, as a result, their active participation in the educational
process (Lu et al., 2022; Li et al., 2019; MacLeod et al., 2018). When motivated,
students tend to engage more actively in classes, which can result in better academic
performance and more meaningful learning. Participants emphasized the importance
of identifying the factors that affect students’ motivation and finding ways to engage
and motivate them. In the first case, recognizing human action in smart classrooms
can help identify factors affecting students’ motivation. For example, actions taken
by students during classes, such as facial expressions, body gestures, the direction of
gaze, and interactions with other students and teachers, can be captured by human
action recognition systems (Dewan et al., 2018; Gupta et al., 2019; Ilieva & Yankova,
2020; Francisti et al., 2020). This information can be used to understand how students
behave during classes, whether engaged, bored, distracted, or disinterested. Based on
this data, teachers can adapt their teaching approaches to improve students’ motivation.

In the second case, there are several technologies that smart classrooms can inte-
grate to boost students’ motivation, such as interactive whiteboards and augmented
and virtual reality technologies. Interactive whiteboards are an increasingly common
technology in classrooms and allow teachers to create interactive presentations, show
videos, display images, and use multimedia resources to engage students in group
and individual activities (Sumak & Sorgo, 2016). Augmented and virtual reality tech-
nologies have the potential to craft immersive learning experiences, enabling students
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to delve into virtual environments or interact with objects that are beyond the reach
of a conventional classroom setting (Kavanagh et al., 2017; Maas & Hughes, 2020).
Moreover, participants’ responses suggest that immersive learning can make learning
more exciting and engaging.

In digital face-to-face teaching, chatbots, gamification, and intelligent tutoring sys-
tems (ITSs) have emerged as effective options to increase students’ participation in
classes (Mohamed & Lamia, 2018; Dimitriadou & Lanitis, 2023). Chatbots, for exam-
ple, are computer programs that can interact with students through text messages. They
can be used to answer frequently asked questions by students, provide feedback on
assignments or activities, or even create a more informal and close dialogue with stu-
dents, stimulating interaction and participation (Abbott, 2000; Liu et al., 2022; Chiu
et al., 2023; Chen et al., 2023). Gamification has demonstrated an effective strategy
for enhancing student engagement and participation. By incorporating game elements
into the learning process, such as rewards, points, levels, and challenges, gamification
makes learning more engaging and fun for students, encouraging them to engage more
in learning activities (de Sousa Borges et al., 2014). ITSs, on the other hand, are Al
systems that can offer individualized support to students, adapting learning activities
to each one’s needs and skills (Xu et al., 2019). They can provide immediate feedback,
suggest additional activities to help improve students’ skills, or even create personal-
ized study plans (Hwang et al., 2020). It should also be emphasized that, in addition
to these educational technologies, participants are also interested in using simulators
during practical classes to provide a more realistic experience to students and allow
them to practice skills and techniques safely and in a controlled manner.

Furthermore, participants suggest understanding students’ intrinsic motivations can
also help improve student performance and engagement. In this context, [oT and Al
can indirectly help to identify students’ intrinsic motivations because they are personal
and subjective, depending on each individual’s preferences and interests. However,
using machine learning algorithms to identify and understand human emotions through
facial expressions, voice, speech, and other information related to human behaviour
can help understand students’ intrinsic motivations (Caballé, 2015; Kadar et al., 2016).
This approach can allow teachers to identify the feelings students experience during
classes. In other words, it can help understand if students are feeling excited, confident,
frustrated, or discouraged, for example, and can provide important information about
students’ level of motivation (Dafoulas et al., 2019; Li et al., 2020; Ciolacu & Svasta,
2021).

In addition to identifying students’ intrinsic motivations, participants also seek
ways to follow up with each student individually. Participants’ responses suggest that
individual monitoring of students is a necessary practice to enhance the teaching and
learning process, as it allows teachers to identify each student’s specific needs and
adapt teaching to meet them. However, this task can be challenging for teachers,
especially in large classes. In this context, a smart classroom emerges as an alternative
to assist teachers in performing individual monitoring of students more efficiently and
accurately. The smart classroom allows storing and visualizing relevant information
about students’ performance, such as grades, attendance, activity participation, and
other relevant metrics. With this information, teachers can identify students who are
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having difficulties and need extra help and those who are excelling and can benefit
from more advanced challenges.

However, identifying students’ doubts and difficulties is a constant challenge for
teachers at all levels of education. Smart classrooms can use various monitoring meth-
ods, such as IoT devices, sensors and cameras, to assist in identifying difficulties. These
technologies enable the observation of students’ performance in activities, exercises,
and assessments and help identify those facing more challenges and requiring closer
monitoring (de la Guia et al., 2016). In addition to identifying students’ difficulties,
smart classrooms can help teachers better understand students’ content. Al can analyze
students’ emotions, behaviours, and actions during class, helping the teacher determine
whether students understand the covered content. For example, Al can identify if stu-
dents are engaged and paying attention, as well as analyze students’ facial expressions
to identify confusion or boredom.

In addition to the technologies mentioned, such as interactive whiteboards, aug-
mented and virtual reality, chatbots, gamification, and intelligent tutoring systems,
the study by Wang et al. (2022) suggests that the quality of classroom processes and
specific teaching practices also play a crucial role in student engagement in smart
learning environments. According to Wang et al. (2022), global instructional quality
factors and specific teaching practices can create an efficient and supportive learning
environment in smart classrooms, leading to high levels of student engagement. This
reinforces the importance of teachers adapting their teaching approaches based on
students’ needs and particularities and utilizing the technologies available in smart
learning environments. In this way, teachers can use the information provided by the
human action recognition systems mentioned earlier to adapt their teaching practices
and improve the quality of classroom processes. By combining these practices with
the technologies and methodologies discussed, teachers can create more engaging and
personalized learning environments, increasing student motivation and engagement
and resulting in better academic performance and more meaningful learning.

Moreover, participants’ responses indicate that obtaining student feedback about
the teacher’s teaching practice is essential to improve education quality and meet
students’ needs. However, obtaining accurate and relevant student feedback can be
challenging. In this sense, smart classrooms can be an alternative to assist teachers
in collecting efficient and precise feedback (Martinez-Maldonado, 2019; Bdiwi et al.,
2019). Al is a technology that can offer relevant insights to teachers about the effec-
tiveness of their teaching practice, identifying patterns and trends regarding students’
performance (Roll & Wylie, 2016). From this analysis, it is possible to adapt the
teaching approach to each student’s needs (Kim et al., 2018). Furthermore, as teachers
search for teaching methodologies that cater to student’s unique needs and character-
istics, smart classrooms can offer advantages by utilizing advanced technologies to
fulfil these objectives.

Limitations

Although this study achieved its objectives by identifying Brazilian teachers’ subjec-
tive and a priori needs regarding the smart classroom, it is essential to consider some
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limitations. Despite the saturation of data (subsection “Data Analysis”), it is essential
to acknowledge potential threats to the validity and reliability of the findings. One of
the most significant risks we identified was researcher bias. In qualitative research,
researcher bias can arise from various factors, such as personal beliefs or opinions
influencing data interpretation, confirmation bias leading to conclusions that affirm
pre-existing beliefs, and social desirability bias causing participants to provide socially
acceptable responses, resulting in an unbalanced analysis. To minimize this threat, we
adopted a team analysis approach involving an external researcher who reviewed and
discussed the generated codes and themes, contributing to a more objective data anal-
ysis.

However, while the team analysis approach increased the trustworthiness of our
study’s outcomes, we remain aware of potential threats to the validity and reliability
of our findings. Another area for improvement is that the study only included teachers
in Brazil, which may limit the generalization of the findings to other countries. Addi-
tionally, an important limitation is that we did not differentiate between the levels of
education where the teachers are employed (elementary, secondary, and university).
This is a critical aspect, as smart classrooms function differently across these educa-
tional levels, and this variation may have shaped the identified needs. Future research
should consider these differences to provide a more nuanced understanding of smart
classrooms’ requirements across various educational stages. Therefore, it is essential
to consider the mentioned limitations when interpreting the findings and to generalize
them cautiously to other countries and educational contexts.

Agenda of Policy Recommendations for Future Research
and Practices

After conducting a comprehensive thematic analysis, our findings allow us to identify
recommendations for future research and practice. While we recognize that our find-
ings can allow thinking research and practices that benefit multiple education actors
(such as school directors and AIED researchers and practitioners), we focus on rec-
ommendations focused on teachers, which directly or indirectly benefit students. We
thus formulated a series of recommendations tailored to the four identified themes (as
illustrated in Table 4).

Conclusion

The smart classroom has been a constantly growing research topic in recent years. The
concept of a classroom combining different emerging technologies to enhance teaching
and learning is attractive and promising. However, many studies in the literature have
focused on specific technical issues for improving technology without considering
teachers’ subjective and a priori needs. While it is essential to verify the acceptability
of technology by teachers and test them with teachers and students to validate the
usability of the developed technology, it is equally important to understand the needs
of teachers even before developing smart classrooms and their technologies.
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Table4 Summary of findings and recommendations

Issue Identified

Recommendation

Improve school infrastructure

Internet access and communication

Didactic and technological resources

Smart Edu-Management

Time-consuming assessment grading

Aid in Lesson Preparation

Automatic sharing of educational content

Enhance Cognitive Skills

Provide a school infrastructure that meets edu-
cational needs, supplies necessary resources,
and utilizes IoT devices such as smart sen-
sors to monitor and detect equipment fail-
ures, reducing the need for costly corrective
repairs. Integrate intelligent classroom sen-
sors to monitor the physical environment in
real time and automatically adjust tempera-
ture, lighting, and ventilation.

Ensure students have internet access, invest in
smart technologies that facilitate communica-
tion between teachers, students, and parents,
and encourage the dissemination of policies
of persistence and success.

Incorporate didactic and smart technological
resources, such as digital whiteboards, projec-
tion systems, and sound and video equipment
with Artificial Intelligence, to explore content
dynamically and interactively, making classes
more engaging and stimulating for students.

Automate routine administrative tasks and
implement enterprise resource planning sys-
tems to help with bureaucratic tasks in edu-
cational institutions. Offer various file and
administrative process management tools in
smart classrooms and an Al-based personal
assistant for notifications and alerts. This will
allow teachers to focus more on teaching and
enhancing students’ learning experiences.

Invest in technologies that automatically pro-
duce and correct students’ academic assess-
ments, saving time and effort while providing
immediate feedback to teachers and students.

Develop technologies that assist teachers in
automatically creating lessons and instruc-
tional materials, allowing them to focus on
more critical aspects of teaching.

Incorporate features in smart classroom
design that enable content distribution, ensur-
ing that students have easy access to valuable
learning materials.

Leverage Al technologies in smart class-
rooms to support the expansion of teachers’
cognitive abilities, aiding in information pro-
cessing, knowledge enrichment, and human
intelligence expansion through data analysis
and algorithms.
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Table 4 continued

Issue Identified

Recommendation

Personalized training programs

Lack of time for professional growth

Data-driven recommendations

Develop effective public policies

Teachers” workload and salaries

Al-driven Student Insights

Implement personalized training programs
and foster academic merit-based scholarships
for teachers to qualify themselves personally
and professionally.

Optimize teachers’ time by incorporating
smart classrooms, automating administrative
tasks, and providing teachers with adequate
time and resources to dedicate to continu-
ing education outside the classroom. This will
help improve their skills and competencies,
enhancing the quality of the education offered
to students.

Collect and analyze data in smart classrooms
to provide insights into teachers’ performance
in specific areas and recommend ways to
improve, including suggesting courses, con-
ferences, and other professional development
opportunities tailored to each teacher’s needs.

Implement public policies that offer faster and
more efficient transportation solutions, allow
flexibility in work hours, and incentivize the
valorization of teachers through training pro-
grams, professional recognition, and benefits.
Providing access to advanced smart resources
and technologies can increase the effective-
ness and quality of teachers’ work.

Rethink teachers’ workloads, daily schedules,
and statutory salaries, ensuring that teachers
have enough time to dedicate to extracurric-
ular activities aimed at professional devel-
opment. Incorporate smart scheduling tools
and analytics to optimize teachers’ time and
enhance work-life balance. Additionally, con-
sider leveraging smart analytics to revise
statutory teacher salaries, utilizing data on
educational outcomes, teacher performance,
and market trends to make the profession
more attractive.

Invest in Al-based systems and smart class-
room solutions to analyze student behaviour,
performance, and motivation while moni-
toring individual progress. Provide valuable
insights to teachers on content assimilation,
questions, learning difficulties, and topics that
must be reviewed. This will help teachers bet-
ter understand how to engage, motivate, and
adapt their teaching to meet each student’s
needs.
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Table 4 continued

Issue Identified Recommendation

Teaching strategies Support teachers in using new teaching
methodologies that actively engage students
and enhance their motivation.

Immersive Technologies Incorporate virtual and augmented reality
technologies to make learning more attrac-
tive and practical by materializing concepts
through immersive experiences that engage
the senses and allow for exploring the natu-
ral world, making education more meaningful
and experiential.

Student feedback Implement systems that can conduct real-time
class evaluations and provide suggestions for
future classes, helping teachers continuously
improve their teaching practice.

Chatbots, gamification, and ITSs Invest in chatbots, gamification, and intelli-
gent tutoring systems (ITSs) to provide imme-
diate feedback, suggest additional activities
for skill improvement, or create personalized
study plans for students.

Simulators for practical classes Incorporate simulators to allow students to
practice skills and techniques safely and in
a controlled environment.

Reducing students per classroom Assess the student-to-teacher ratio and imple-
ment smart classroom technologies to support
personalized learning experiences.

Therefore, this research aimed to understand teachers’ subjective needs regarding
the smart classroom and its technologies. Data were collected from 410 teachers
through a digital form to achieve this objective. From the collected responses, we
conducted a thematic analysis, which identified a set of central themes that smart
classroom developers should consider to better align with the true desires of teachers.
The identified and presented themes were: (1) development of methodological and
bureaucratic activities, (2) personal and professional growth, (3) public educational
incentives, and (4) strategies to improve student learning.

Our study shows that integrating technology in classrooms has proved to be an
essential tool to assist teachers in their daily activities and improve student per-
formance. However, lack of time is a significant obstacle for teachers to dedicate
themselves to their studies and improve their pedagogical practices. It is essential to
seek ways to optimize teachers’ time so that they can update themselves and improve
their skills. In addition, it is necessary to invest in adequate school infrastructure
and provide didactic and technological resources to make classes more attractive and
engaging for students.

In conclusion, this research contributes to the broader field of educational technol-
ogy by highlighting the critical role of understanding teachers’ needs in successfully
implementing smart classrooms. Our findings suggest a shift from a purely technical
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focus towards a more human-centred approach in designing smart classrooms. As
future work, we aim to develop a smart classroom that aligns better with teachers’
needs. This direction can increase the acceptance of smart classrooms and marks a
step towards more inclusive, personalized, and effective teaching.
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