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Disclaimer

This paper was commissioned by the UNESCO Regional Center for Educational Planning (RCEP) 

in Sharjah, United Arab Emirates. The paper falls under RCEP’s second strategic objective, which 

is to produce and disseminate knowledge in support of education policies to enable planning of 

educational systems. The views and opinions expressed in this paper are those of the authors and 

should not be attributed to RCEP.
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Regional Center for Educational Planning

The Regional Center for Educational Planning (RCEP) is a regional educational organization with 

an international vision established through an agreement signed in 2003 between the government 

of the United Arab Emirates and the United Nations Educational, Scientific and Cultural 

Organization (UNESCO). Under this agreement, the Center is tasked with developing national 

and regional capacities in the areas of education planning and policies, educational leadership and 

management, and the production and dissemination of educational knowledge at the regional 

level. It places special emphasis on the Gulf Cooperation Council countries and Yemen, as well 

as consultations and technical support to enhance the efficiency, effectiveness, and quality of 

education systems in the Gulf Cooperation Council and Arab countries. These improvements 

aim to ensure that education is closely aligned with the demands of real-life situations and the 

workforce. RCEP  collaborates with UNESCO and receives technical support through partnerships 

in numerous programs, projects, and initiatives related to education.
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Introduction 

In our current historical juncture, we can only be sure of one thing: that change is going to be a 

constant feature of our lives, that its pace is ever-increasing, and that we can hardly predict how it 

will manifest itself. 

In the past few years, we have experienced unprecedented health, economic, political, and 

environmental challenges propelling us to quickly adapt to new situations – such as when the 

COVID-19 outbreak occurred in 2020. Technologies such as artificial intelligence revolutionized the 

way we work and learn in ways we never thought were possible even a year before they emerged.

Tomorrow, we do not know what new challenges or opportunities will face us – the future is uncertain, 

and yet, we must prepare for what it will bring us; where that be keeping up with the endless new 

technological developments, dealing with ecological crises, or facing an ever-more decentralized 

and globalized labor market that surpass national borders. This is the task of the education systems 

around the world today: to produce the new citizens of the world who are equipped to anticipate 

endless possibilities, be adaptable and agile, and think quickly on their feet.

Education researchers have long cited the need to move from traditional methods of thinking about 

learning as a means of gathering knowledge and moving towards a model of learning that emphasizes 

problem-solving, critical thinking, and understanding different cultural contexts. But what does this 

education of the future look like? The Regional Centre for Educational Planning invited thinkers, 

writers, researchers, and educators to re-imagine what the education system needs to look like to for 

us to be future-ready – producing this edited volume.  

It’s not just a matter of new technologies: the following chapters explore the changing dynamics 

between students and teachers, how teacher’s roles will shift in a world where access to information 

becomes easier and easier, and how students’ motivation and engagement in class changes as their 

environment changes. Furthermore, the chapters explore how we can evaluate student competencies 

in the future, as technological advancements allow for a multiplicity of learning experiences. And 

finally, this book discusses actual technological advancements that can be used in classrooms – 

altering the learning experience forever but also introducing with it some new challenges for 

consideration, as well as questions about equity and access.

Through the diverse perspectives and insights presented in this volume, we aim to spark meaningful 

conversations about how education can rise to meet the demands of an ever-changing world. It is 

our hope that these reflections inspire educators, policymakers, and researchers to collaborate in 

shaping an education system that is resilient, inclusive, and truly future-ready.

Mahra Al Mutaiwei
Director of the Regional Centre for Educational Planning
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Shaping Future Educators: Embracing 
Change for the Future of Teaching

Christine Anne Royce, MBA, MSIDT, Ed.D.

Abstract

As education shifts from traditional content delivery to students to teaching students how to 

develop and employ agile, critical thinking, and problem-solving skills, the teacher's role is being 

redefined.  This transformation is essential to meet the United Nations' Sustainable Development 

Goal 4 (SDG 4), specifically targets 4.1 and 4.A, which aim to ensure inclusive and equitable quality 

education and promote lifelong learning opportunities for all. Furthermore, the World Economic 

Forum in 2024, released a report that calls for an Education 4.0 Framework which can “serve 

as an inspiration for global leaders and practitioners.” The chapter explores “Who is the future 

schoolteacher?” and “How do we prepare them to teach?” It posits that the future educator will 

be less a conveyor of information and more a facilitator of learning experiences that foster critical 

thinking, creativity, and adaptability. This shift is driven by the imperative to prepare students for 

scenarios that do not yet exist, requiring a fundamental rethinking of teaching methodologies and 

the competencies that educators need to develop. This shift thus requires us to embrace change as 

we prepare and engage future teachers in designing instruction that assists all learners in meeting 

that set of skills. Key recommendations from the 2024 World Economic Forum’s Education 4.0 

Framework (World Economic Forum, 2024) will be considered as they relate to the preparation of 

future teachers. 

In Sapiens, Yuval Noah Harari states, “We study history not to know the future but to widen 

our horizons, to understand that our present situation is neither natural nor inevitable and that 

we consequently have many more possibilities before us than we imagine.”  This act of looking 

backward in education has been a standard for many decades.  Reflecting on where education 

has been and is and imagining what needs to be is the starting point for how we embrace change 

for the future of teaching. This reflection considers the physical learning environment, student 

expectations, teacher roles, and societal demands. Let us immerse ourselves for a moment to 

recall our history and contemplate the present state of education. Hopefully, as we trace the 

education trajectory, we realize the pressing need for a transformation in teacher preparation 

(National Academy of Education, 2024). 
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Children sat stiffly but attentively on wooden benches in a small, candlelit room during the late 

1700s and well into the 1800s. The air carried the earthy scent of wood from the hearth and the 

familiar aroma of well-worn books, although they are few and likely shared among the students. 

The teacher, a dedicated figure at the front of the room, held a leather-bound book reflecting the 

day's lesson (Cuban, 1993). With steady taps of a wooden pointer, the teacher guided the class, 

setting the pace for their learning journey. A wrong answer earned a sharp reprimand as education 

was about memorizing facts, recitation, and knowing one’s place in society (Rice, 1893). This is but 

one example of how educational environments were structured. Schools throughout the world, 

ranging from maktabs or madrassas in the Middle East to Volksschules in Germany to Dame 

Schools in England, all had their own format and structure for the teaching of lessons.

In these early classrooms, students learned through repetition, practice, and structured routines, 

which fostered a sense of focus and perseverance (Cuban, 1993; Finkelstein, 1974). Curiosity 

was beginning to bloom, even within the confines of tradition, as children committed lessons 

to memory and practiced reciting what they learned aloud. Although methods differed across 

regions and countries, the goal of these schools was to prepare students for their roles in society, 

equipping them with foundational knowledge and skills valued at the time (Finkelstein, 1974; 

Urban & Wagoner, 2009). Over time, these early forms of education planted seeds for future 

generations to explore new ways of learning, driven by both discipline and emerging curiosity.

The teacher’s role was clear: to deliver knowledge, ensuring it was absorbed without question 

(Cuban, 1993; Finkelstein, 1974). Teaching was seen as a one-way street, where knowledge was 

imposed upon students to mold their minds toward discipline and order. These solitary figures 

were not trained in pedagogy but were chosen among those who had received some education. 

It was a one-way relationship, largely because all information flowed from teacher to student. This 

was due to multiple reasons. First, the hierarchical nature of early 20th-century society – which 

was also evident in classroom settings. The rise of industrialization led to adopting the "factory 

model" in schools, where education systems were designed to produce a disciplined and uniform 

workforce. This model prioritized efficiency and standardization over individual student needs 

(Watters, 2015). Furthermore, students were often viewed as passive recipients of knowledge, with 

little opportunity for active engagement or input in their learning processes (Ryan & Deci, 2000).  

This industrial or factory view of education was designed with the objective to prepare students 

to replicate the teacher's learning and maintain society's consistent viewpoint.
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Picture a young man who had mastered the basics of what he had been taught. He became 

the teacher, as it was assumed that if he had learned, he could teach others (Urban & Wagoner, 

2009). Teaching was not yet seen as a profession requiring specialized skills or methodologies. 

However, as the 1800s progressed and moved into the early 1900s, expectations of teachers slowly 

evolved, and formal training began to take shape (Angus, 2001; Cuban, 1993). For example, France 

established its first normal school for teacher preparation in 1810 and reached sixty-two normal 

schools nearly a quarter century later (“Normal Schools in France”, 1839). Holland’s approach to 

normal schools emphasized the separation of religious instruction and the content teachers would 

teach (“History of Normal Schools”, 1860).  The first publicly funded normal school in the United 

States was opened in 1839 and had the goal of preparing students for common (public) schools 

(“History of Normal Schools,” 1860).  By the end of the 1940s, there were more than 200 normal 

schools preparing teachers in the United States alone (Fenner & Fishburn, 1946).

Fast forward to the 1950s, the role of the teacher had shifted slightly, but echoes of the past still 

lingered in classrooms (Klausmeier, 1990). The benches had been replaced by desks, each with a 

neatly organized textbook. The teacher still stood at the front, chalk in hand, outlining formulas 

and facts on the blackboard. Engagement from students was minimal—perhaps a raised hand or 

a whispered question—but the structure remained rigid. Education had become more formalized 

and methodical. Teachers were seen as fountains of knowledge, lecturing students who were 

expected to absorb and replicate this knowledge on tests (Ornstein, 1981).

Teacher preparation had become more formalized by the 1950s (Childs, 1959). Prospective teachers 

attended teacher training colleges or normal schools, where they learned content knowledge and 

basic pedagogical techniques (Klausmeier, 1990; Ornstein, 1981). These programs recognized the 

need for skills like classroom management and lesson planning, but the emphasis remained on 

instructing students seated in rows and delivering lectures. By the late 1950s, professional groups 

such as the American Association for Colleges of Teacher Education began to also identify what 

programs should include (Klausmeier, 1990). Creativity and critical thinking were secondary to 

discipline and routine. The goal of teacher training was to ensure the efficient delivery of content 

and the maintenance of classroom order.

By the 1990s, personal computers had entered the classroom, marking the dawn of the digital 

age (Kowalczuk-Walędziak et al., 2019). Teachers were no longer the sole source of knowledge, 

sharing this space with the rapidly growing world of technology. Students could now research 

independently, accessing vast amounts of information via the internet. However, teachers still 

dictated how and when technology was used, guiding students through predetermined lessons. 

By 2024, technology had become even more integrated, with laptops, tablets, and smartboards 
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becoming standard tools. However, while more dynamic, the teacher’s role remained focused on 

content—ensuring that standards were met and students progressed through a set curriculum.

Over time, teacher preparation began to evolve as well. From the 1990s and until today, the 

emphasis on student-centered approaches has become more pronounced (Crumly et al., 2014; 

Lee & Hannafin, 2016). Teachers were introduced to ideas like differentiated instruction and the 

importance of addressing diverse learning needs. However, the focus of teacher preparation still 

revolved around content delivery and classroom management (Morey et al., 1997). Today, many 

teacher preparation programs still prioritize traditional instruction models with slight twists or 

new jargon. While traditional methods often have proven research behind them, teachers need 

to adopt and adapt digital tools to assist them in their instructional preparation and delivery 

(German et al., 2022).  As the use of these digital tools will be in the future, there is a definite need 

for teacher preparation programs to embrace digital technologies and be ready and willing to try, 

adopt, and adapt future technologies as they prepare their future educators for classrooms that 

do not yet exist.

Now, imagine the future. Consider what our classrooms need to look like to prepare students 

for a world that does not exist. Preparing students to succeed and lead in a constantly changing 

world requires classrooms that foster creativity, adaptability, and a global mindset (Costin, 2017; 

Okogbaa, 2017). This future will require us to stop replicating the status quo, reimagine how 

we teach, and, perhaps, more importantly, prepare teachers if we want to break the cycle. In 

future classrooms, the teacher will not be the sole source of information or the key focus of the 

room. Instead, they are guides and mentors, facilitating learning as students navigate a world of 

holographic displays, virtual reality simulations, and AI-driven learning tools. The teacher will help 

students make connections between concepts, apply their knowledge creatively, and push the 

boundaries of their thinking. The future teacher is a facilitator of creativity and innovation, versed 

in strategies that help students direct their own learning journeys (Royce, 2023; Shippee, 2019). 

The relationship between teacher and student will no longer be hierarchical; it will be collaborative.

As Henry Ford once said, “If you always do what you’ve always done, you’ll always get what you’ve 

always got.” Considering both Ford’s quote and Harari’s quote brings us to a unique position of 

avoiding what we have always done and imagining the possibilities before us – specifically in 

how we embrace changes and prepare future teachers. We must reimagine teacher training and 

preparation for an unfolding future (Lieberman, 2022; National Academy of Education, 2024; Ugur 

et al., 2022).
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Overview of Chapter’s Objectives

To consider how to best assist students in becoming lifelong learners, there is a need to focus on 

the key drivers of change and the role of the teacher in implementing those drivers. The chapter 

outlines the key competencies that future teachers must develop and highlights the importance 

of creating student-centered learning environments that promote autonomy, collaboration, and 

problem-solving. Additionally, the chapter discusses the need for teachers to embrace lifelong 

learning themselves, as they, too, must continuously adapt to new educational tools, technologies, 

and methodologies. Practical recommendations are provided to help educators successfully 

transition to this new role, including embracing strategies for adopting a facilitative teaching 

approach, integrating personalized learning technologies, and fostering a collaborative learning 

environment. 

Importance of Preparing Students for a Rapidly Evolving World

The future is marked by uncertainty in today’s fast-paced and unpredictable world. Rapid 

advancements in artificial intelligence, automation, and emerging technologies are reshaping 

industries and creating entirely new fields of work (World Economic Forum, 2023a). As a result, 

students must be equipped with a diverse skill set to adapt to these changes and succeed in an 

evolving landscape. This requires a fundamental shift in education, with teachers no longer just 

imparting knowledge but also preparing students for the challenges and opportunities of an 

uncertain future (Costin, 2017).

One of the most critical aspects of modern education is teaching students how to prepare for 

future scenarios that do not yet exist. The traditional education model emphasizes content 

memorization, which may help students retain facts temporarily but often fails to create a deeper 

understanding (Organisation for Economic Co-operation and Development, 2018; “What Is the 

New Education”, 1880) and does little to equip students for the unknown (OECD, 2024a). Students 

may know the "what" but struggle to grasp the "why" or "how." This leaves them ill-equipped 

to address real-world challenges that require analytical thinking and creative problem-solving. 

Therefore, educators must focus on developing students' ability to think critically, solve problems, 

and continue learning throughout their lives, which is essential. “In a growth mindset, people 

believe that their most basic abilities can be developed through dedication and hard work—brains 

and talent are just the starting point. This view creates a love of learning and a resilience that is 

essential for great accomplishment.” (Dweck, 2006). Students must understand that adaptability 

and resilience will be vital to navigating an ever-changing world (WEF, 2016).
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Additionally, traditional methods can stifle individuality and innovation (Shippee, 2019). By 

focusing on uniformity, compliance, and standardized testing, students are often discouraged from 

exploring new ideas or asking critical questions. Creativity and original thought are undervalued 

in a classroom where success is measured by the ability to follow instructions and replicate 

knowledge. This rigid approach fails to nurture the kind of innovation needed to drive progress in 

a world where economic growth and societal advancement are increasingly dependent on creative 

solutions and adaptive thinking (Shippee, 2019).

In contrast, modern educational approaches prioritize active learning, placing students at the 

center of the educational process. Inquiry-based learning, problem-solving activities, and project-

based learning encourage students to question, explore, and apply knowledge in meaningful 

contexts (Barron & Darling-Hammond, 2008; OECD, 2018). These methodologies emphasize 

critical thinking, creativity, and adaptability—skills essential for navigating the complexities of 

the modern world. Engaging students in real-world problems and encouraging them to develop 

their own solutions fosters a deeper understanding and greater retention of information (Barron 

& Darling-Hammond, 2008). 

A key educational shift is teaching students how to learn, not just what to learn. Lifelong learning 

will be vital as industries and job roles evolve. The Organisation for Economic Co-operation and 

Development emphasizes the need for “future-ready” students who can apply critical thinking, 

collaborate effectively, and solve complex problems (OECD, 2018). Teachers play a crucial role 

in this process by encouraging students to embrace challenges, think creatively, and engage in 

reflective learning practices (Ugur et al., 2022). In classrooms worldwide, pedagogical frameworks 

are being adopted that emphasize these future-ready skills. For example, Singapore’s education 

system focuses on fostering critical thinking, collaboration, and adaptability to prepare students 

for a rapidly changing world (Tan, 2018).  These competencies align with the Ministry of Education’s 

vision of “Thinking Schools, Learning Nation” (Mukhopadhyay & Kundu, 2023). Critical thinking, 

in particular, is embedded throughout the curriculum, from primary education to pre-university 

programs, through initiatives such as project-based learning, philosophy courses, and collaborative 

inquiry (Tan, 2018). Additionally, Singapore uses professional learning communities to enhance 

teaching strategies, where educators co-develop lesson plans and assessment methods aligned 

with these future-focused skills (Hairon & Tan, 2016)

Singapore’s commitment to fostering adaptability is reflected in continuous teacher training 

and curriculum refinement, ensuring that students are prepared for the demands of an evolving 

workforce driven by technological advances (Tan, 2018). This focus on critical thinking and 
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adaptability has positioned Singapore as a global leader in educational innovation, preparing 

students for the complexities of the 21st century.

Another example is Finland which has already made significant strides in adopting these modern 

methodologies (Asia Society, 2019). Finnish schools focus heavily on collaborative, project-

based learning that allows students to explore real-world issues and work together to develop 

creative solutions. This approach enhances critical thinking and problem-solving skills and equips 

students with the tools they need to succeed in a fast-changing global environment (Sahlberg, 

2015). Finland’s project-based learning model, also known as phenomenon-based learning 

(PhBL), emphasizes real-world application of knowledge by organizing education around topics 

rather than traditional subjects (Sahlberg, 2015). This innovative approach encourages students 

to explore interdisciplinary themes such as climate change or sustainability, integrating subjects 

like mathematics, science, and social studies into a cohesive learning experience. By focusing on 

practical challenges, students develop critical thinking, collaboration, and problem-solving skills 

essential for addressing complex societal issues (Sahlberg, 2015; Naik, 2019).

Implemented through Finland’s 2016 national curriculum reform, PhBL mandates that students 

engage in at least one multidisciplinary learning module per year (Ellimaija, 2017). Teachers 

facilitate this process by guiding inquiry-based exploration, where students actively investigate 

questions relevant to their lives and the broader community. This pedagogical shift promotes 

deeper understanding and equips students with the adaptability needed for a rapidly changing 

world (Calkins, 2015; Naik, 2019). Furthermore, PhBL also aligns with Finland’s broader educational 

philosophy, which emphasizes trust in educators and minimizes standardized testing. This trust 

allows teachers to create flexible learning environments where students take ownership of their 

learning, fostering autonomy and engagement (OECD, 2018; OECD, 2024a). The Finnish model 

exemplifies how education can move beyond traditional methods to prepare students for future 

challenges through meaningful, collaborative learning experiences (Calkins, 2015; Sahlberg, 2015).

As is evidenced in these examples and many others globally, the role of the schoolteacher is 

evolving, and with it, there is a greater emphasis on fostering critical thinking, creativity, problem-

solving, and adaptability in students (Kurok et al., 2023). These skills allow students to approach 

new challenges with confidence and resilience, which are also needed (Dweck, 2006). Additionally, 

to help in this evolution, teachers must create learning environments that promote collaboration 

and communication, as these are key competencies in a world increasingly driven by teamwork 

and interdisciplinary thinking (Mansilla & Jackson, 2011).
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The education community recognizes that there is often a swinging pendulum between knowledge-

based and skill-based learning (OECD, 2018), and with each swing, there is an expectation that 

education systems evolve to meet new challenges. According to the World Economic Forum 

(WEF, 2023b), future workers will need a blend of technical expertise and soft skills, such as those 

previously mentioned along with ones such as emotional intelligence and the OECD (2018) notes 

that “education systems would do best by integrating both approaches and benefitting from 

the best aspects of each” (p. 63). These skills are critical for thriving in industries ranging from 

technology to healthcare to education itself. A teaching model rooted in memorization and rote 

learning cannot adequately prepare students for these challenges. Instead, education must evolve 

to foster the holistic development of students, enabling them to become active, adaptable, and 

innovative contributors to society.

Given the unpredictability of the future, lifelong learning has never been more essential. 

Students must acquire knowledge during their school years and how to continue their education 

throughout their lives. Teachers must instill a love of learning and equip students with the tools to 

pursue knowledge independently. This shift from content delivery to cultivating a growth mindset 

encourages students to take ownership of their learning journeys, ensuring they are prepared to 

thrive in an evolving world (OECD, 2018; OECD, 2024b).

Building on the importance of fostering lifelong learning, it is essential to explore the key drivers 

that are reshaping education today. Understanding these forces and key organizations promoting 

these forces provides insight into why education systems must adapt, equipping students and 

teachers with the flexibility and resilience needed to thrive in a rapidly changing world.

Key Drivers for Change

Today’s global landscape imagines and re-imagines education, and several key drivers and policies 

support this change. To better understand the need for what is described later in this chapter, those 

entities, reports, and policies are briefly outlined, and an explanation as to their relevance is provided. 

United Nations’ Sustainable Development Goal 4 (SDG 4)

One of the most significant global drivers for change in education is the United Nations’ Sustainable 

Development Goal 4 (SDG 4), which aims to “ensure inclusive and equitable quality education 

and promote lifelong learning opportunities for all” (United Nations Educational, Scientific, and 

Cultural Organization, 2017, p. v). UNESCO also recognizes the importance of teachers in meeting 
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this goal and states that “teachers play a key role in ensuring the quality of education provided. 

All teachers should receive adequate, appropriate, and relevant pedagogical training to teach at 

the chosen level of education and be academically well-qualified in the subjects they are expected 

to teach “(UNESCO & International Task Force on Teachers for Education 2030, 2024, p. 45). 

Specifically, UNESCO's Sustainable Development Goal (SDG) 4.c focuses on increasing the supply 

of qualified teachers to ensure inclusive and equitable education. The six thematic indicators 

under SDG 4.c track progress toward this goal by addressing several key aspects of teacher quality 

and availability. These indicators are:

1.	 Proportion of teachers with the minimum required qualifications, by education level.

2.	 Pupil-trained teacher ratio, by education level, ensuring that qualified teachers are available 

relative to student numbers.

3.	 Percentage of teachers qualified according to national standards, by education level and 

type of institution.

4.	 Pupil-qualified teacher ratio, highlighting disparities between qualified teacher availability 

and student populations.

5.	 Average teacher salary relative to comparable professions, reflecting the competitiveness of 

the teaching profession.

6.	 Teacher attrition rate, by education level, monitoring the sustainability and stability of the 

teaching workforce over time.

While many of these indicators are key metrics that must be determined within the educational 

environment, such as ratios, the targets for teachers to have minimum required qualifications and 

be qualified according to national standards are ones that current teacher preparation programs, 

state departments, and ministries of education focus on. In other words, what a teacher needs 

to be effective in the classroom now. This chapter will provide recommendations on additional 

competencies and knowledge that future teachers need so they prepare future global citizens.

The importance of SDG 4 cannot be overstated in today’s interconnected world. The role of 

education has shifted from a means of personal advancement to a critical tool for economic 

growth, social equity, and sustainable development (Asia Society, 2019; UNESCO, 2017). According 

to the UN’s report on Education for Sustainable Development, achieving SDG 4 will require a 

fundamental shift in how we perceive education, moving away from traditional content delivery 

toward fostering critical thinking, problem-solving, and adaptability (OECD, 2024a; UNESCO, 
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2017). Teachers must be equipped to address academic content and create learning environments 

that embrace diversity and promote social justice. Therefore, the future schoolteacher is critical in 

advancing the global education agenda for all, ensuring that students are prepared to contribute 

to a more equitable and sustainable world (Cabezudo et al., 2010; Asia Society, 2019).

World Economic Forum’s Education 4.0 Framework

Another key global driver for change in education is the World Economic Forum’s Education 4.0 

Framework, which provides a roadmap for transforming education systems to meet the needs 

of the Fourth and emerging Fifth Industrial Revolutions (Nosta, 2023). The Fourth Industrial 

Revolution, characterized by the convergence of physical, digital, and biological systems, is 

reshaping industries, economies, and societies at an unprecedented pace. As a result, the skills 

required to succeed in this new era are vastly different from those of previous generations.

The Education 4.0 Framework was introduced by the World Economic Forum (WEF) to guide 

educators, policymakers, and institutions in rethinking their approach to education in light of these 

changes. The framework emphasizes the need for education systems to move beyond traditional 

models of teaching and learning, which prioritize content memorization and standardized 

testing, toward approaches that foster creativity, collaboration, critical thinking, and problem-

solving (WEF, 2020). The WEF argues that future education systems must be learner-centered, 

personalized, and focused on developing skills relevant to the 21st-century workforce.

One of the core principles of Education 4.0 is the purposeful integration of technology into the 

learning process (WEF, 2022). Digital tools, artificial intelligence (AI), and data-driven decision-

making can revolutionize education by providing personalized learning experiences tailored to 

individual student needs (WEF, 2016; WEF, 2023a). Research shows that personalized learning 

can lead to improved student outcomes, particularly for learners who struggle in traditional 

educational settings (Pane et al., 2017). For instance, AI-powered platforms use algorithms to assess 

student performance in real time and adjust learning pathways to provide targeted interventions 

and support. Examples of initiatives are shown in Figure 1:
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Figure 1: Personalized Technology Integration Examples

Example: The AI Tutor Project Country: United Arab Emirates

Launched by the Ministry of Education in the UAE, the AI Tutor Project represents a strategic 

effort to integrate artificial intelligence into education. Developed in partnership with ASI 

(formerly Digest AI), and Microsoft, the AI Tutor aligns with the UAE’s national curriculum 

and offers personalized learning experiences. This virtual tutor provides real-time feedback, 

customized assistance, and adaptive learning tailored to each student’s progress, particularly 

in areas such as homework support and test preparation.

The initiative, announced during the World Government Summit 2023, aims to empower 

students by complementing traditional teaching methods with innovative AI tools. The 

collaboration reflects the UAE’s commitment to using cutting-edge technology to enhance 

education, making learning more accessible and tailored to individual needs. (Emirates News 

Agency, 2023; UAE Stories, 2023; WEF, 2024)

Example: Talib Country: Qatar

The Ministry of Education and Higher Education in Qatar has launched Talib, an AI-powered 

chatbot that enhances communication within the education sector. It supports queries in 

Arabic and English, providing timely and precise answers with 99% accuracy. Talib reduces 

the workload on staff by handling inquiries and forwarding unresolved questions to 

relevant departments. This initiative aligns with Qatar’s 2030 digital transformation strategy, 

promoting integrating advanced AI solutions across the educational system to improve access 

to information and streamline support (EDUtech_talks, 2024).

Example: High Tech High Touch Programs Countries: Vietnam and India

While more of a generalized term, programs that utilize the High Tech High Touch approach 

utilize technology to assist in the teaching of concrete or clearly defined concepts to students 

and then focus on teachers being responsible for the more abstract concepts. By utilizing 

personalized pathways within AI programs, this method has generated positive results which 

are above the normal standard deviation for developing mathematics understanding in both 

Viet Nam and India (WEF, 2022).
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Platforms such as those described highlight the potential of AI to enhance traditional educational 

strategies by providing educators with data-driven insights and freeing up time to focus on student 

interaction and critical thinking development.

In addition to leveraging technology, the Education 4.0 Framework calls for a focus on lifelong 

learning (WEF, 2024). As industries evolve and new professions emerge, the concept of a single 

career path has become obsolete. Workers will need to continuously update their skills to remain 

competitive in the job market. Education systems, therefore, must prepare students not only for 

immediate employment but also for the long-term ability to learn and adapt throughout their 

lives (WEF, 2023b). This shift toward lifelong learning is essential in an era where technological 

advancements may render existing jobs obsolete while creating entirely new fields of work (WEF, 

2023b).

Countries worldwide are embracing the principles of Education 4.0, with Singapore leading the way 

through the “SkillsFuture” initiative. SkillsFuture promotes lifelong learning and equips citizens with 

opportunities to upgrade their skills throughout their careers (SkillsFuture, 2020). The program 

offers various resources, including course subsidies, career guidance, and work-study programs, 

to ensure that both early and mid-career individuals can adapt to changing industry demands. 

Key focus areas include advanced manufacturing, digital skills, and care economy competencies, 

fostering a future-ready workforce aligned with Singapore’s strategic economic goals (SkillsFuture, 

2024). Additionally, SkillsFuture integrates collaborations with industry partners which provide 

specialized Industry 4.0 training (WEF, 2023c). These partnerships aim to enhance workforce 

capabilities by blending hands-on technical skills with digital innovation, supporting Singapore’s 

ambition to remain competitive in evolving sectors (SkillsFuture, 2024; MySkillsFuture, 2024). 

This initiative reflects a broader global trend where nations are shifting towards personalized and 

adaptive education models to meet 21st-century workforce needs.

Similarly, Estonia has successfully integrated digital learning into its education system through 

initiatives like the “e-School” platform (e-Estonia, n.d.). This platform, adopted by 95% of schools 

in Estonia (Education Estonia, 2020a), enables seamless communication among students, 

parents, and teachers by providing access to academic progress tracking, learning materials, 

and administrative tools online (European Commission, 2020). The platform reflects Estonia’s 

commitment to digital education, which began with connecting schools to the internet as early 

as 2000. In addition to e-School, other digital solutions like Stuudium offer features such as digital 

class diaries and e-learning assessments. These tools have reduced administrative loads and 
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fostered greater collaboration in the education sector, reinforcing Estonia’s leadership in digital 

literacy and educational innovation (e-Estonia, n.d.; Education Estonia, 2020b). Estonia’s efforts 

exemplify successful public-private collaboration, cultivating a digital learning ecosystem that 

promotes accessibility and excellence.

For future educators, the Education 4.0 Framework offers a blueprint for reimagining the 

classroom of tomorrow. Teachers must be prepared to integrate technology into their pedagogy, 

foster a culture of lifelong learning, and create learning environments that encourage creativity 

and critical thinking (Kurok, et al., 2023). By doing so, they can ensure that students have the skills 

they need to thrive in the rapidly evolving global economy. While these previously mentioned 

frameworks clearly emphasize outcomes such as cooperation and the acquisition of critical skills, 

there is less clarity on how these goals will be achieved. The positive news is that educators are not 

starting from scratch in designing instructional strategies. At the heart of this transformation is 

the recognition that students today must be prepared for jobs and challenges that do not yet exist 

(WEF, 2023b). As a result, the future schoolteacher must embrace both well-thought-through 

existing and new teaching methodologies that prioritize student engagement, collaboration, and 

the application of knowledge in real-world contexts. This requires a fundamental shift from the 

traditional education model, in which the teacher is the central authority figure, and toward a 

more student-centered approach that fosters autonomy, creativity, and critical thinking (Kurok et 

al., 2023).

A Shifting Educational Landscape Needs a Shifting Approaches

The 21st century has brought about significant changes in how we think about education at 

both the macro levels, as previously noted, and the micro levels, which include the classroom 

itself. These classroom-focused changes include a shift towards personalized learning, focusing on 

and integrating collaborative and social-emotional learning, global citizenship, and intercultural 

learning. As the global economy becomes more interconnected and technology continues to 

advance at an unprecedented pace, the skills students need to succeed are evolving. 

The Needed Shifts

In response to this emerging and yet undetermined landscape, there are many different shifts that 

need to occur within the classroom and in how the teacher approaches instruction. The first is 

that the schoolteacher’s role needs to evolve from a transmitter of knowledge to a facilitator of 

learning (Ugur et al., 2022). 
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Becoming a Facilitator and Co-Constructor of Knowledge

In this new model, teachers guide students in constructing their own knowledge through active 

engagement, inquiry, and collaboration. This shift aligns with constructivist educational theory, 

which posits that learners build their understanding of the world through hands-on experiences 

and reflections (Piaget, 1950). Rather than focusing solely on content delivery, teachers now 

support students in making connections between concepts and applying their learning to solve 

complex, real-world problems.

As facilitators, teachers act more like coaches or mentors, promoting student autonomy and 

encouraging critical thinking and creativity. This approach fosters deeper understanding and 

greater retention of concepts as students take ownership of their learning (OECD, 2018) which are 

targets for preparing the 21st century workforce in the 4.0 Framework (WEF, 2016; WEF, 2020). The 

facilitative approach leads to higher student engagement and better preparation for the demands 

of a rapidly changing world (National Academy of Education, 2024; Okogbaa, 2017; Rothstein-

Fisch & Trumbull, 2008). 

This shift toward facilitative teaching nurtures the skills necessary to succeed in the 21st century 

and sets the stage for a shift from cooperative learning practices to collaborative ones. Educators 

have recognized the importance of student interaction in the learning process for more than 

50 years. Beginning more than 5 decades ago in the 1970s, cooperative learning emerged as 

an educational approach rooted in teaching students to work collaboratively to accomplish a 

common task or reach a common goal. Building on Vygotsky’s (1978) theory that learning is social, 

this approach purported that students develop academically and socially by collaborating (Slavin, 

1980). Johnson and Johnson (1974) cite numerous studies that noted that a cooperative structure 

“results in higher achievement than does a competitive goal structure” (p.220). Furthermore, 

research during this period showed that cooperative learning promoted higher academic 

achievement by encouraging students to share knowledge and engage in problem-solving as a 

group (Slavin, 1980). As these forward-thinking instructional approaches emerged, it was clear 

that they modeled societal influences of the time incorporated teamwork and interpersonal 

skills (Johnson & Johnson, 1974). While cooperative learning continued for some years, the true 

structure transitioned to being more of a collaborative approach to learning (Bruffee, 1995). 

Cooperative learning requires co-constructed responses to problems with equal effort by the 

students and a structured format designed by the teacher. A task could not be completed without 

all members of a group participating. Teachers measured not only the learning but also the group 

processes that occurred. Collaborative learning removes the forced components that are the basis 
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for cooperative learning, for example, identifying distinct roles within the group, and focuses 

more on students managing themselves within the group’s structure (Bruffee, 1995). In a sense, 

collaborative learning aims to maximize the benefits while helping students develop their self-

management or self-regulation of their efforts, thus making the groups more student-managed 

than teacher-managed (Bruffee, 1995). Collaborative learning environments have been shown to 

improve student outcomes not only in the cognitive domain but across various domains (Kurok, 

et al., 2023). Research indicates that students who participate in collaborative learning activities 

tend to develop stronger critical thinking skills, retain information more effectively, and show 

greater engagement in their learning (Gokhale, 1995). When students work together, they are 

exposed to different perspectives and ideas, which helps them develop a deeper understanding 

of the material and also cultivate desired skills. The benefits that emerge from both traditional 

cooperative learning and the recent and more common collaborative learning are shown in Table 1. 

Table 1: Benefits of Cooperative and Collaborative Learning

Benefit How it’s achieved

Enhances Academic 

Outcomes and Critical 

Thinking

•	 Promotes problem-solving through structured, small-group 

interactions where students rely on each other to succeed.

•	 Encourages group discussions, brainstorming, and 

negotiation, strengthening critical thinking and problem-

solving skills

Develops Social and 

Emotional Skills (SEL)

•	 Builds empathy, communication, and conflict resolution 

through teamwork and peer support.

•	 Cultivates empathy, active listening, and effective 

communication, fostering global citizenship

Prepares Students for 

Future Workforce

•	 Develops teamwork and leadership skills relevant to modern 

workplaces.

•	 Trains students in adaptability, teamwork, and leadership for 

professional roles

Encourages Lifelong 

Learning and 

Sustainability Mindsets

•	 Fosters curiosity and love for learning through group projects 

and inquiry

•	 Promotes engagement with real-world sustainability 

challenges, encouraging lifelong learning
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These benefits are called for in educational initiatives such as the United Nations’ Sustainable 

Development Goal 4 (SDG 4) (UNESCO, 2017) where educational institutions are encouraged to 

foster collaboration among students through activities that promote sustainable development, 

global citizenship, and intercultural understanding. In these environments and with a facilitative 

approach, learning is seen as a social process where students work together to explore new ideas, 

solve problems, and construct understanding (WEF, 2016). Teachers facilitate this collaborative 

process by designing tasks that encourage group work, peer-to-peer learning, and open discussions.

When students are invited to contribute ideas, ask questions, and engage in discussions with peers 

and teachers, they are more motivated and invested in their learning. Research supports this, 

showing that students who feel their voices are valued are more likely to take ownership of their 

education, leading to better engagement and academic outcomes (Deci & Ryan, 2000; OECD, 

2018). This democratization of education promotes a sense of responsibility and belonging, which 

enhances the learning process.

An example of a particular model that exemplifies this collaborative learning model is the Reggio 

Emilia approach, which originated in Italy. In Reggio Emilia schools, students work together on 

project-based learning activities, with teachers facilitating the process and guiding inquiry. This 

model encourages shared knowledge creation and critical thinking, preparing students to work 

collaboratively in future contexts (Edwards et al., 1998). Furthermore, the example of Finland’s 

previously provided integrated module demonstrates a collaborative, project-based learning 

model. 

Twenty-first Century Skills

As a new century approached, cooperative and collaborative learning continued as instructional 

methods even as the term “21st-century learning skills” emerged. The term “21st-century skills” 

emerged as part of a broader educational reform movement led by the Partnership for 21st Century 

Skills (P21), a coalition founded in the early 2000s (Partnership for 21st Century Skills, 2009). The 

framework developed by P21 was intended to bridge gaps between traditional education models 

emphasizing content mastery and the demands of the modern workforce, including innovation, 

adaptability, and teamwork. 

Efforts promoted by the World Economic Forum’s Education 4.0 highlight the importance 

of equipping students with the skills and knowledge they will need to navigate an increasingly 

complex and uncertain future. The WEF Education 4.0 (2022) continues to advocate for the 
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skills identified within the Partnership for 21st Century Skills framework as essential education 

components, given the increasing complexity of the global economy and the need for social-

emotional competencies in diverse and collaborative environments (WEF, 2016). Furthermore, 

the framework also underscores the importance of both collaborative projects and inquiry-based 

approaches to help students adapt to uncertainties in future work environments. These activities 

prepare learners to operate within team-based, dynamic settings, which are increasingly valued 

across professions. The evolution of 21st-century learning frameworks reflects a shift from simply 

imparting knowledge to fostering the skills students need to apply that knowledge creatively and 

collaboratively in real-world scenarios.

This shift in focus from content acquisition to skill development invites a deeper reevaluation of 

classroom priorities. Beyond academic knowledge, students must engage in learning environments 

that emphasize other skills such as respect, relevance, and responsiveness. These three pillars are 

essential for fostering meaningful connections between teacher and student, student and student, 

and students and learning. By creating spaces where learners feel valued and the curriculum 

resonates with their personal and future goals, education can better prepare students for both the 

challenges of the workforce and their roles as active, empathetic citizens.

The 3Rs – Respect, Relevance, and Responsiveness

In todays and future educational settings, the traditional 3Rs—reading, writing, and arithmetic 

or individual content areas—remain essential, but they must not be the centerpiece of the 

teaching process. These subjects and how students learn them must be interwoven into a broader 

framework that reflects the changing needs of students and society and not remain as stand-

alone periods in a day. As an educator, the author promotes the new 3Rs—respect, relevance, and 

responsiveness—which offer a more holistic approach to education, allowing teachers to integrate 

foundational skills while addressing the diversity of students and the diverse world in which those 

students live. These are not novel approaches as the concepts are already being included within 

classrooms. However, the structure to prepare teachers in this perspective is relatively new.

Respect. Incorporating respect can enhance the teaching of the traditional 3Rs by creating an 

inclusive and equitable learning environment where every student’s cultural, social, and personal 

background is valued. When students feel respected, they are more engaged and motivated to 

develop their reading, writing, and mathematical skills. Incorporating aspects of respect within the 

daily teaching environments aligns with Culturally Responsive Teaching (CRT), where educators 

actively acknowledge and integrate students’ diverse experiences into learning. Gay (2000) defined 



28

culturally responsive pedagogy as “the use of cultural knowledge, prior experiences, frames of 

reference, and performance styles of ethnically diverse students to make learning encounters more 

relevant to, and effective for them. This pedagogy teaches to and through the strengths of these 

students. It is culturally validating and affirming” (p. 31). By incorporating diverse perspectives, 

respect for different viewpoints and cultures is shown, thus making the students feel more 

connected. Example programs that are modeling this are shared in  Table 2.

Table 2. Programs that Incorporate Culturally Responsive Teaching Approaches

Location/Level Action Concept Connection

Montgomery County Public 

Schools, Maryland USA/ 

K-12 Education Settings 

(Montgomery County 

Public Schools, 2010).

Teachers use culturally relevant 

texts that reflect the identities 

of their diverse student body, 

helping students feel seen and 

respected. 

These practices create a sense 

of belonging, increasing student 

motivation and engagement.

New Zealand/Early 

Childhood

The education system integrates 

the Māori worldview through 

initiatives such as Te Whāriki, the 

early childhood curriculum.

It emphasizes respect for Māori 

culture and language, promoting 

a sense of belonging and identity 

for Indigenous students (Ministry 

of Education, 2017).

Pennsylvania, USA (Teacher 

Preparation & K-12 Settings)

The State Department of 

Education incorporated 

culturally responsive teaching 

into the state standards with an 

emphasis on educators adapting 

their instruction to reflect and 

respect students' diverse cultural 

backgrounds (ASCD, 2023).

This approach builds engagement 

by fostering inclusivity and trust 

among learners.

South Africa (Teacher 

Preparation & K-12 Settings)

Programs to integrate Indigenous 

knowledge systems (IKS) into the 

curriculum are being promoted, 

specifically in the areas of science, 

technology engineering, arts, and 

mathematics.

Incorporating programs and 

methods such as these helps 

students to appreciate the 

relevance of their cultural heritage 

(Nwockocha et al., 2024)
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Location/Level Action Concept Connection

Finland (National) (Finnish 

National Agency for 

Education, 2023).

The Finnish education system 

emphasizes equality and respect 

by treating every child as unique, 

avoiding ranking systems, and 

ensuring that students of all 

abilities learn together in the same 

classrooms.

By not incorporating national 

assessments through primary and 

lower secondary schools, teachers 

are able to assess student learning 

in a variety of ways. 

Finland Focus on phenomenon-based 

learning where subjects are not 

taught in isolation but rather 

integrated.

Using an interdisciplinary 

lens, making learning directly 

applicable to global issues and 

student interests (Schaffar & 

Wolff, 2024). 

Council of Europe (2024) 

(International)

Global Education Week which 

is held annually event mobilizes 

schools across Europe to integrate 

SDG themes into the curriculum, 

connecting academic content 

to issues like climate change and 

social justice 

Programs such as these help to 

show the interconnectedness 

of topics and global reach of 

solutions.

South Korea The government has implemented 

adaptive digital learning platforms 

to support students’ individual 

needs during and after the 

COVID-19 pandemic (Ayhan, 

2024).

By providing personalized 

feedback, educators help meet 

students’ learning preferences.

Relevance. Relevance connects the traditional 3Rs to real-world experiences. Relevance ensures 

that students see the value of what they are learning by linking academic content to real-world 

issues and their personal interests (Preus, 2012). Educational approaches like Project-Based 

Learning (PBL) engage students in solving authentic problems, blending core academic skills with 

practical application. For instance, Vermont schools have used PBL to explore water contamination 

issues in the community, connecting scientific inquiry with practical problem-solving (University 

of Vermont, 2024). Similarly, STEM education integrates math and science into projects such as 
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building sustainable energy models, showing students how these skills translate into meaningful 

real-world outcomes. Bednar (2023) highlights how STEM education enhances relevance by 

addressing real-world challenges like environmental sustainability, ensuring students see the value 

in what they learn and how it applies to future careers.

Responsiveness. Responsiveness emphasizes the need for educators to adapt to their classroom 

environments and instructional strategies to meet students’ individual needs. This includes using 

differentiated instruction, where teachers modify content, process, or assessment based on 

students’ individual needs. Additionally, Universal Design for Learning (UDL) provides multiple 

means of engagement, allowing students to express what they know in various ways, ensuring 

access to the curriculum for all students.

Ultimately, the traditional 3Rs should not be abandoned but re-envisioned within the context of 

the new 3Rs. By using the new 3Rs—respect, relevance, and responsiveness—reshape education 

to foster lifelong learning and adaptability. Respect is embedded through inclusive practices 

that value all students. Relevance connects learning to real-world contexts, making education 

meaningful. Responsiveness ensures teaching adapts to the needs of individual learners, providing 

students with the academic and life skills they need to succeed in a global society.

By reimagining the traditional 3Rs through this new framework, students are better prepared 

not just for academic success but for the challenges of an interconnected world. These new 3Rs 

transform learning from static subjects into dynamic tools for lifelong growth and adaptability.

These shifts are not merely a pedagogical trend but a continued response to societal and 

technological changes. The role of the future schoolteacher must be focused on adapting to these 

shifts, ensuring that they are equipped to meet the needs of students in a world that is rapidly 

changing (Willis & Raine, 2001). Future teachers will play a pivotal role in preparing global citizens 

(Costin, 2017). 

All of these new “Rs” contribute to and help develop what would be considered a relational 

environment which encompasses relationships between student to student and student to 

teacher. The shift from traditional teaching methodologies to more relational and collaborative 

models is critical. Teachers will need to transition from a position of power or semi-power—

one characterized by control over content delivery and assessment—to a more fluid role that 

emphasizes co-construction of knowledge, engagement, and shared learning experiences. This 

shift not only empowers students but also transforms the learning process into a partnership, 

where teachers guide students in navigating complex problems and applying knowledge in real-
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world contexts. Current teacher educators have the immense responsibility of guiding future 

teachers’ development and helping them form a philosophy that meets these changes and needs 

(Lieberman, 2022).

People: Cultivating Relationships That Enhance Student Engagement

At the core of effective teaching is the ability to build strong, positive relationships with students. 

Relational teaching creates a supportive and emotionally safe environment where students feel 

valued, understood, and connected to their teachers and peers. These relationships foster student 

engagement, motivation, and emotional well-being.

Relational teaching models focus on the quality of relationships between teachers and students as 

a key determinant of learning outcomes. These models recognize that academic learning cannot 

be separated from students’ social and emotional development and that the quality of teacher-

student relationships is a key determinant of learning outcomes (WEF, 2016). Relational teaching 

also emphasizes recognizing and addressing each student’s unique needs. Teachers can tailor 

learning experiences to be more personalized and meaningful by understanding their strengths, 

challenges, and interests. This approach boosts academic performance and supports social and 

emotional development, making learning more holistic and relevant (WEF, 2016). By fostering a 

culture of respect, empathy, and collaboration, teachers can cultivate a classroom atmosphere 

where students feel motivated, empowered, and prepared to succeed academically and emotionally 

(Pianta et al., 2012). This sense of safety enables students to manage stress, overcome challenges, 

and develop resilience—key factors for academic achievement and personal growth (Ebbeck et 

al., 2019). When students feel supported and valued by their teachers, they are more inclined 

to engage actively with the material, take intellectual risks, and persevere through difficulties, 

resulting in enhanced learning outcomes.

One example of a relational teaching model is the Responsive Classroom approach, used in 

schools across the United States. This approach emphasizes the importance of building positive 

relationships between teachers and students and creating a classroom environment that fosters 

respect, responsibility, and student autonomy (OECD, 2024b; Rimm-Kaufman & Chiu, 2007). The 

Responsive Classroom approach is a widely adopted teaching framework in the United States 

that focuses on the connection between social-emotional development and academic success. It 

emphasizes building positive relationships between teachers and students, creating a supportive 

community, and fostering a sense of responsibility and autonomy among learners (Responsive 

Classroom, 2018) This approach integrates proactive classroom management, cooperative 
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learning, and student engagement strategies into daily routines and lessons, ensuring students 

feel safe, respected, and motivated to learn (Cline et al., 2022; Responsive Classroom, 2018). Key 

components of this approach are shared in Table 3.

Table 3. Key Components of the Responsive Classroom Approach

1.	 Morning Meetings:

Every day starts with a structured morning meeting where students and teachers engage in greetings, 

share personal updates, and participate in collaborative activities. This fosters community building 

and helps students feel connected and seen, promoting an inclusive environment.

2.	 Establishing Rules Collaboratively:

Students work with teachers to co-construct classroom rules, ensuring they feel a sense of ownership 

over the expectations. This shared responsibility promotes respect for both individual and collective 

needs, reinforcing positive behavior and self-discipline.

3.	 Interactive Modeling:

Teachers use interactive modeling to demonstrate appropriate behavior or task performance, 

followed by opportunities for students to practice. This proactive strategy ensures that students 

understand expectations through direct experience rather than solely verbal instruction.

4.	 Positive Teacher Language:

Responsive Classroom places a strong emphasis on positive communication. Teachers use 

encouraging, supportive language that focuses on student effort, growth, and capabilities, which 

helps build confidence and resilience.

5.	 Logical Consequences:

Instead of punitive measures, teachers use logical consequences that relate directly to students’ 

actions. For example, if a student makes a mess, they are asked to clean it. This approach helps 

students understand the impact of their choices and take responsibility.

6.	 Student Autonomy and Choice:

The approach encourages teachers to provide students with choices in their learning, such as 

selecting books for independent reading or topics for projects. This builds intrinsic motivation and 

nurtures students’ sense of autonomy.

7.	 Responsive Teaching:

Teachers continuously observe and respond to students’ academic and social needs, adjusting their 

strategies to support learning and emotional growth. This ensures that the classroom environment 

remains responsive to individual and group dynamics.

(Cline et al., 2022; Responsive Classroom, 2018)
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Research shows that classrooms implementing this approach experienced improved student 

engagement, behavior, and academic outcomes (Cline et al., 2022; Responsive Classroom, 2018). 

The combination of social-emotional learning (SEL) with academic instruction aligns well with the 

goals of modern education, which prioritize not only what students learn but also how they learn 

and interact with others (Responsive Classroom, 2014; Rimm-Kaufman & Sandilos, 2018).

Focal Points for the Future

The 4Cs - Critical 21st-Century Skills

Moving from instructional approaches or frameworks to focal points for inclusion in the classroom 

and curriculum requires educators to equip students with critical skills that extend beyond 

traditional academic knowledge. The 4Cs—Communication, Collaboration, Critical Thinking, 

and Creativity—have emerged as foundational competencies that educators must prioritize to 

prepare students for the complexities of the modern workforce and society and often attributed 

to the skills that emerged from a Partnership for 21st Century Skills (2009).

Communication. The first pillar of the 4Cs is communication, which is fundamental to success 

in almost every aspect of life. The ability to clearly express ideas, actively listen, and engage in 

meaningful dialogue is crucial in personal and professional contexts. For future educators, fostering 

effective communication skills in students involves creating environments where students are 

encouraged to articulate their thoughts, ask questions, and participate in discussions. This skill 

is not limited to verbal communication but also includes written, digital, and non-verbal forms 

of interaction. In classrooms where communication is prioritized, students are better able to 

collaborate with peers, convey their ideas in group settings, and present their thoughts coherently 

across different mediums.

Collaboration. The second pillar is equally essential in today’s interconnected world. In both the 

workplace and broader society, success often depends on one’s ability to work effectively with 

others. Collaboration encourages teamwork, problem-solving, and the exchange of diverse ideas, 

ultimately leading to more innovative and comprehensive solutions (Gokhale, 1995). For future 

educators, the focus on collaboration involves designing learning activities that require group 

work and shared responsibility. By engaging in collaborative projects, students learn to navigate 

the complexities of group dynamics, understand diverse perspectives, and develop interpersonal 

skills that are invaluable in professional settings.

Critical thinking. Perhaps the most vital skill in an era defined by information overload and 

rapid technological change is critical thinking. With vast amounts of data and information readily 
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accessible, the ability to analyze, evaluate, and synthesize information is crucial. Critical thinkers are 

better equipped to assess the validity of sources, identify biases, and develop reasoned arguments. 

In education, fostering critical thinking involves encouraging students to question assumptions, 

explore multiple viewpoints, and engage in problem-solving. This skill is essential as students 

prepare to enter a workforce where innovation, decision-making, and complex problem-solving 

are highly valued.

Creativity. The fourth pillar, creativity, rounds out the 4Cs as a skill that drives innovation and 

adaptability. Creativity enables individuals to approach problems in new ways, think outside 

the box, and develop unique solutions. In a world of constant change, creativity is essential for 

adapting to new challenges and generating novel ideas. For educators, promoting creativity 

involves creating open-ended learning opportunities encouraging experimentation, imagination, 

and exploration. Whether through project-based learning, artistic expression, or entrepreneurial 

ventures, students who are given the freedom to be creative are more likely to become flexible 

thinkers capable of navigating future uncertainties.

Pedagogical Skills

Leveraging AI and Technology. The rise of artificial intelligence (AI) is transforming various 

sectors of society, and education is no exception. AI tools can potentially revolutionize teaching 

and learning by enabling personalized, adaptive experiences tailored to individual students’ needs 

(Shabbir, n.d.; Staton & Murgia, 2023, WEF, 2022). For future educators, understanding how to 

effectively integrate AI into their teaching practices is essential for creating responsive and dynamic 

learning environments (WEF, 2023a).

One of the most significant benefits of AI in education is its ability to deliver personalized learning 

experiences. Traditional classrooms often face challenges in addressing students’ diverse learning 

needs, which can result in gaps in understanding or disengagement. AI-powered platforms, 

however, can analyze student data in real-time and adjust learning paths based on individual 

strengths, weaknesses, and progress. This adaptive approach ensures that students receive targeted 

support or challenges, allowing them to thrive academically.

Beyond personalization, AI tools can enhance the assessment process by moving beyond traditional 

standardized tests to more nuanced, formative assessments. AI-driven assessments can provide 

instant feedback, highlight knowledge gaps, and offer suggestions for improvement, empowering 

educators to make data-driven decisions that improve student outcomes. This approach helps 

teachers track student progress and creates a more responsive and continuous feedback loop for 

learners.
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As AI and other technologies reshape the future of education, future teachers must develop the 

skills needed to harness these tools effectively. Educators must use technology to enhance student 

engagement and help students develop critical digital literacy skills (WEF, 2016; WEF 2022). Digital 

literacy—using digital tools effectively and responsibly—is increasingly vital in today’s workforce. 

Teachers must guide students in navigating the digital world, from conducting research and 

analyzing data to creating digital content and collaborating online.

Incorporating platforms like Google Classroom, Kahoot, and Microsoft Teams can transform 

classrooms into interactive, collaborative, and engaging spaces. These tools enable students to 

collaborate in real time, access learning materials, and complete assignments flexibly (German, et 

al., 2022). Furthermore, integrating technology like coding programs or data analysis tools helps 

students build essential skills for a technology-driven society (German, et al., 2022).

However, with the growing use of AI and digital tools in education, teachers must also be mindful 

of ethical considerations. Data privacy, digital equity, and screen time must be carefully addressed. 

Educators must ensure that all students have equal access to technology and that digital tools are 

used to enhance learning rather than detract from it (WEF, 2016; WEF 2022). By considering these 

factors, future educators can create inclusive, responsible, and technology-enhanced learning 

experiences that prepare students for their own futures.

Knowing and Understanding: Equipping Future Teachers with Needed Literacies

In an increasingly interconnected and digital world, the need for educators to prepare students 

with critical skills such as media literacy, AI literacy, technological literacy, and decision-making 

is paramount. As the influence of technology on every aspect of life continues to grow, future 

teachers must not only be adept at navigating these tools themselves but also equipped to teach 

students how to engage critically, ethically, and effectively with the digital landscape. The future 

teacher is no longer the fountain of the information that conveys knowledge; these new and 

integrated tools have taken over that role; students now obtain their information from online 

platforms, social influencers, and, unfortunately, deepfake videos, and less than reputable sites at 

points.

Therefore, the role of educators is to foster these essential literacies, which extend beyond 

technical know-how. Understanding requires cultivating a thoughtful, discerning approach to 

technology and decision-making that will enable students to thrive in a world shaped by rapid 

technological advancements. Future teachers need to guide students in understanding what 
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information is accurate and manipulated and may include downright misleading and incorrect 

information. Therefore, becoming knowledgeable and maintaining that level of understanding in 

how to guide students in these literacies is essential (Royce, 2025). As teachers are prepared within 

their preparation programs, courses or modules on the following topics are essential.

Media Literacy

Teaching media literacy has become a cornerstone of modern education in an age where 

information is constantly flowing through digital channels. Analyzing, evaluating, creating, and 

disseminating media content is crucial for students to navigate a world full of misinformation, 

bias, and persuasive technologies (Common Sense, 2020; Schwarz, 2001). Future teachers must 

be trained to guide students in critically assessing the information they encounter—whether it is 

news, social media, or advertising. This involves teaching students how to identify credible sources, 

recognize bias, and understand how media can shape public perception and influence decision-

making. Along with this literacy, content will follow if students are to make informed decisions. 

Students must be able to compare and contrast varying views or sources of the content, research 

historical aspects, and communicate to others what questions they may have (Common Sense, 

2020; Schwarz, 2001). 

Incorporating media literacy into the curriculum equips students with the skills needed to make 

informed decisions and participate actively in a digital society. For future educators, the challenge 

lies in staying current with the rapidly evolving media landscape and helping students become 

discerning consumers and creators of content. By fostering media literacy, teachers empower 

students to think critically about the world around them and engage meaningfully with it 

(Common Sense, 2020). The teacher of the future should be able to:

•	 prepare students for a media-saturated future by building strong media literacy skills that go 

beyond traditional reading and writing. 

•	 help students critically analyze media from various sources—such as social media, viral 

videos, and advertisements—by teaching them to question credibility, recognize bias, and 

understand the intent behind each message.

•	 guide students in identifying the creator’s perspective and appreciating diverse viewpoints, 

fostering empathy and awareness of how media influences thoughts and actions (Common 

Sense Media, 2020).
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Additionally, educators should encourage responsible media creation, emphasizing the importance 

of thoughtful communication and the impact their messages can have. Media literacy should be 

integrated into everyday learning with real-world examples and open discussions to accomplish 

these goals. Teachers must create spaces where students feel empowered to question and reflect 

on the media they consume, ultimately helping them become critical, informed participants 

in the digital world (Common Sense, 2020; Schwarz, 2001). Educators can prepare students to 

navigate and engage responsibly with media in a rapidly changing society by focusing on these 

skills (Okogbaa, 2017).

AI Literacy

Integrating artificial intelligence (AI) into everyday life, from search algorithms to autonomous 

systems, has profound implications for how we work, learn, and interact. As AI technologies 

become more prevalent, students and teachers must develop an understanding of how these 

systems function and the ethical considerations surrounding their use. This is where AI literacy 

becomes essential. Being AI literate means having both a technical understanding of AI tools and 

a pedagogical understanding of designing instruction that incorporates these tools effectively

(Royce, 2025).

To be AI literate, future teachers must develop a strong technical understanding of AI tools and 

the ability to integrate them purposefully into their teaching. Teachers need to understand how AI 

works, including basic concepts like machine learning and natural language processing, and how 

AI applications, such as adaptive learning platforms, can personalize education for students. AI 

literacy also requires educators to evaluate AI-generated content’s accuracy, ethics, and potential 

biases to ensure it supports student learning effectively. Moreover, educators should learn how 

to use AI to enhance instructional design by incorporating tools that aid in creating lesson 

plans, automating administrative tasks, and engaging students with interactive and personalized 

content. Future teachers need to understand how AI can foster critical thinking, creativity, and 

problem-solving among students by using it as a tool for complex, real-world problem-solving 

(Royce, 2025).

AI literacy also requires educators to prepare students for the ethical use of AI, including addressing 

concerns about plagiarism and misuse. By embracing AI in education, teachers can help students 

develop 21st-century skills while remaining critical of the technology’s limitations and challenges. 

This comprehensive understanding will allow educators to navigate AI’s opportunities and risks, 

ensuring that they are equipped to foster an ethical, engaging, and dynamic learning environment. 
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Preparing future teachers to utilize AI means that all involved in the learning experience are active, 

not passive users of technology, but informed and responsible participants in shaping the future 

of AI.

Technological Literacy

In addition to media and AI literacy, technological literacy, the ability to understand, use, and 

interact with various technologies—is a fundamental skill that students need to succeed in the 

21st century and be taught in the classroom. With the rapid advancement of digital tools and 

platforms, future educators must be able to teach students how to effectively use technology 

for learning, problem-solving, and innovation (German, et al., 2022; Natalicio & Pacheco, 2000). 

By utilizing technological or digital tools within the classroom, teachers assist the students in 

understanding how technology can be utilized to solve problems.

Technological literacy goes beyond basic computer skills; it involves understanding the principles 

behind how technologies operate, adapting to new tools, and using technology to create and 

innovate (WEF, 2016). Future teachers should be trained to integrate technology seamlessly into 

their lessons, ensuring that students gain hands-on experience with the tools they will encounter 

in their academic and professional lives (German, et al., 2022; Natalicio & Pacheco, 2000). 

Technological literacy prepares students to engage with the world in meaningful and productive 

ways, from coding and digital design to data analysis and online collaboration. Moreover, fostering 

technological literacy is essential for equity in education. Ensuring that all students—regardless of 

their socio-economic background—have access to technology and the skills to use it effectively 

is critical in narrowing the digital divide and empowering students to succeed in an increasingly 

tech-driven society.

Decision-Making Skills

With the above three literacies playing a significant role in students’ lives, the ability to make 

informed, ethical, and responsible decisions is more important than ever. Decision-making skills 

are crucial for navigating the complexities of a world where information is abundant but often 

unreliable and where technology can both aid and complicate everyday choices. Future teachers 

must be prepared to cultivate critical thinking and ethical reasoning in their students, encouraging 

them to consider the long-term implications of their decisions, particularly regarding technology. 

For example, students need to understand the ethical dilemmas posed by AI, such as privacy 

concerns or job displacement, and learn how to weigh these considerations in their decision-

making processes. Teachers can foster these skills by incorporating real-world scenarios into their 
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lessons, encouraging students to analyze problems from multiple perspectives and make decisions 

based on evidence and thoughtful reflection.

Preparing students to make informed decisions also involves teaching them how to manage digital 

tools responsibly and understanding both their potential and their limitations. By nurturing 

decision-making skills, teachers help students become more than just users of technology—they 

become empowered individuals who can think critically about how technology affects their lives 

and society at large (WEF, 2016).

As the world continues to evolve in response to technological advancements, future teachers must 

be prepared to guide students in mastering the literacies and decision-making skills necessary for 

success in the 21st century. Teaching media literacy, AI literacy, technological literacy, and decision-

making equips students with the tools they need to engage with the digital world critically, make 

informed choices, and contribute thoughtfully to society. For educators, this means moving beyond 

traditional instruction and embracing a more holistic, future-oriented approach to teaching. In 

doing so, they will help shape a generation of learners who are adept at using technology but can 

also navigate its ethical and societal challenges with confidence and integrity.

Personal Attributes

Beyond the instructional frameworks and soft skills and understandings that are relevant to 

the future classroom, future educators must also emphasize adaptability, lifelong learning, and 

emotional intelligence (EI) in their teaching practices. These skills are crucial in ensuring that 

students can thrive in a world characterized by rapid change, technological advancements, and 

social complexity.

Adaptability is essential in a world where technological innovations and societal shifts occur 

at an unprecedented pace. For students, adaptability means adjusting to new circumstances, 

learning new skills, and approaching problems with flexibility. Educators can foster adaptability by 

encouraging students to embrace challenges, take risks, and be open to new learning experiences. 

This mindset is crucial for future success, as students will likely need to change careers, learn new 

technologies, and adapt to evolving work environments throughout their lives.

Lifelong learning is another critical competency that future educators must instill in their 

students. With knowledge and skills constantly evolving, the ability to continue learning beyond 

formal education is key. Lifelong learners are curious, self-motivated, and committed to growth. 
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For educators, fostering lifelong learning involves teaching students how to learn, not just what 

to learn. Encouraging students to be self-directed and reflective prepares them to adapt to new 

challenges and continue growing throughout their lives.

Fostering lifelong learning and adaptability in educators is just as important. The rapid pace 

of technological and societal change requires educators to continually update their skills and 

knowledge. Professional development (PD) is not a one-time event but a lifelong commitment to 

growth (Darling-Hammond, et al., 2017). Schools should offer structured PD opportunities that 

align with the evolving needs of educators.

One way to promote lifelong learning is by encouraging teachers to attend workshops and 

conferences focused on emerging educational trends, such as digital literacy and equity in 

education (Darling-Hammond et al., 2017). Schools should also create online learning platforms 

where teachers can access resources and engage in virtual professional communities. Additionally, 

informal learning opportunities—such as engaging with online education communities on 

platforms like LinkedIn—allow teachers to stay current and refine their teaching strategies 

continuously. Providing time and support for PD ensures that teachers remain adaptable and 

committed to lifelong learning (Darling-Hammond et al., 2017).

Emotional intelligence (EI) is perhaps one of the most important skills for success in personal 

and professional contexts. EI involves understanding, managing, and expressing emotions and 

navigating social relationships with empathy and understanding (WEF, 2016). For educators, 

fostering EI in students is vital for creating emotionally healthy learning environments where 

students feel supported. Promoting self-awareness, empathy, and interpersonal skills helps 

students develop the emotional resilience needed to succeed in an increasingly complex world.

Practical Recommendations for Transforming Teaching

The following recommendations can be implemented at the teacher/classroom (micro or 

individual), district/system (macro or system), and teacher preparation program levels to help 

create learning environments that promote the skills needed for the future while incorporating 

content.
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Utilizing Instructional Strategies

Adopting a Facilitative Teaching Approach

Transitioning from a traditional, teacher-centered model to a facilitative approach requires a 

significant paradigm shift in how educators view their roles and how districts or systems implement 

initiatives to support these approaches. 

Classroom level: In the facilitative model, teachers move from being the primary source of 

knowledge to becoming guides and mentors (Evans, 2006; Hansen & Imse, 2016). They create 

learning environments that encourage student inquiry, collaboration, and critical thinking 

(Gokhale, 1995). Teachers can reduce their reliance on lectures by incorporating Socratic seminars 

and small group discussions (Crocco et al., 2018; Griswold et al., 2017; Koellner-Clark et al., 2002; 

Strong, 1994), encouraging students to explore content-based topics through dialogue and 

inquiry. They can also adopt co-teaching models, where multiple educators collaborate to facilitate 

learning (Altstaedter et al., 2016; Battaglia & Brooks, 2019; Conderman, 2011; Nierengarten, 2013) 

and serve as mentors (Gokhale, 1995). An example of these types of instructional strategies would 

be implementing group rotations where students explore topics in phases—discussion, research, 

and presentation—encouraging peer interaction and critical thinking.

District/System level: Districts can offer professional development workshops focusing on the 

facilitative model, equipping teachers with tools for inquiry-based learning, PBL, and other student-

centered practices. By doing so, they are providing a framework for the different types of student-

centered environments that are found to be successful (Anfara et al., 2012; Cornelius-White, 2007; 

Kolman et al., 2017; Wassermann, 2009). Schools may also revise teacher evaluations to emphasize 

facilitation skills, collaboration, and creativity rather than content delivery, communicating to the 

teacher the value of these other areas (Hansen & Imse, 2016; Looney, 2011; Wise et al., 1985).

Teacher preparation programs: In preparing future teachers, teacher educators can model 

these types of instructional approaches by including simulated classrooms (National Academy 

of Education, 2024). Programs such as those at the University of Michigan use mixed-reality 

simulations to help multiple fields, including pre-service teachers, practice transitioning from 

direct instruction to facilitation by managing student discussions and guiding inquiry (University 

of Michigan, 2024). Programs at Syracuse University allow preservice teachers to practice classroom 

management strategies through simulations (National Academies of Sciences, Engineering, 

and Medicine, 2020). The use of mixed reality programs is relatively new however being used 
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to improve teacher preparation (Dieker et al., 2014; Dieker et al., 2016; Driver et al., 2018; Hayes 

et al., 2013; Hudson et al., 2019; Kamhi-Stein, 2024; Nel et al., 2024). Another example would be 

asking cooperating teachers to participate in co-teaching during student teaching placements 

(Altstaedter et al., 2016; Hudson-Ross & Graham, 2000; Strieker et al., 2013). Programs partner 

with schools to implement co-teaching models, allowing pre-service teachers to act as facilitators 

alongside experienced educators, gradually shifting responsibility to students (Murawski & 

Bernhardt, 2015).

Integrating Student-Centered Activities

An effective way to transition classrooms to a more facilitative approach is by gradually incorporating 

student-centered activities into the classroom. Rather than relying solely on lectures or direct 

instruction, teachers can introduce discussion-based learning, group projects, and problem-

solving tasks. These activities allow students to actively engage in their learning, explore different 

perspectives, and develop critical thinking skills. This incremental approach allows teachers and 

students to adjust to the new dynamic.

Classroom level: Teachers can begin by including choice boards, where students select how 

they demonstrate understanding (e.g., through a written report, video presentation, or creative 

project). This promotes engagement while ensuring students feel a sense of ownership over their 

learning journey (Coppens, 2021; Corso et al., 2013; Kern & State, 2009; OECD, 2018; Parker et al., 

2017).

District/System level: Administrators can create flexible curriculum frameworks that provide 

room for experimentation with student-centered activities (Nunan, 1989; OECD, 2024a; O’Hanlon, 

1973; Trevor et al., 2020). Offering mentorship programs allows experienced educators to guide 

their peers in transitioning to new teaching methods incrementally.

Teacher preparation programs: Future educators within their program requirements can be 

asked to assemble learning portfolios (Wolf & Dietz, 1998). Doing so encourages teacher candidates 

to document their use of student-centered practices, reflecting on their impact throughout 

placements. Additionally, coursework can include and maximize the use of experiential learning 

workshops which would expose teacher candidates to collaborative activities like role-playing 

and choice-based learning, preparing them to replicate these activities in classrooms (Darling-

Hammond & Bransford, 2005).
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Using Project-Based Learning (PBL) for Real-World Engagement

Project-based learning (PBL) is another powerful tool for shifting to a facilitative model in which 

the students are actively engaged. In PBL, students tackle complex, real-world problems, fostering 

deeper understanding and practical application of knowledge and, therefore, taking ownership of 

their learning as they engage in inquiry, research, and problem-solving (Barron & Darling-Hammond, 

2008; OECD, 2018). Research shows that it helps students develop a deeper comprehension of 

content, retain knowledge longer, and build essential 21st-century skills, including creativity and 

self-directed learning (OECD, 2018). Teachers serve as facilitators, guiding students through the 

process while encouraging autonomy and collaboration. 

Classroom level: Teachers can engage students with PBL activities focusing on local issues, such 

as designing sustainable solutions for their community (Mansilla & Jackson, 2011; UNESCO, 2017). 

By working on projects like urban farming or renewable energy plans, students apply math, science, 

and literacy skills meaningfully (Barron & Darling-Hammond, 2008; Bell, 2010). For example, a 

school in the UAE or Qatar could focus on why the countries are investing in sustainable energy 

platforms and producing oil.

District/System level: Schools can partner with community organizations and businesses to 

offer real-world projects (Clark, 1999; & Jacobson et al., 2018). Districts may also align PBL-based 

curricula with state standards to ensure consistency and accountability across schools (Toolin, 

2004).

Teacher preparation program: Programs like Stanford’s STEP embed PBL methods in coursework 

by requiring pre-service teachers to design interdisciplinary projects that align with real-world 

challenges. Furthermore, teacher preparation programs can connect with local organizations, 

providing teacher candidates with the opportunity to design and implement projects within the 

community. Furthermore, UNESCO (2017) makes recommendations specifically on the need for 

teacher education programs to incorporate “disciplinary, interdisciplinary and transdisciplinary 

views of key examples of sustainability challenges” (p. 52).

Promoting Student Autonomy and Voice

Fostering student autonomy is essential for developing lifelong learners capable of directing their 

education. Teachers can promote autonomy by giving students choice and voice in the classroom 

(Coppens, 2021; Corso et al., 2013; Kern & State, 2009; Parker et al., 2017). Allowing students to 

select project topics or choose from various learning activities gives them a sense of ownership 

over their education (Furtak & Kunter, 2012; Reeve, 2006.) When students feel their interests are 

valued, they are more engaged and motivated to succeed (Furtak & Kunter, 2012).
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Classroom level: Teachers can provide students with modified, adapted, or personalized learning 

plans that allow them to set goals, choose topics of interest, and reflect on their progress (Kern & 

Slate, 2009; Lane et al., 2018). Student-led conferences where learners present their achievements 

to parents and teachers also encourage autonomy (OECD, 2024b).

District/System level: Districts can implement competency-based learning frameworks, where 

students progress at their own pace (Steele et al., 2014). Involving students in curriculum design 

committees ensures their perspectives are valued and integrated into school policies.

Teacher preparation programs: Implementing model assignments similar to student choice 

boards allows teacher candidates to be immersed in similar types of activities that they would 

utilize in their classroom.

Incorporating Inquiry-Based Learning (IBL) and Scaffolding Techniques

Inquiry-based learning (IBL) is another approach that encourages student autonomy by prompting 

learners to ask questions, investigate, and build their understanding of a subject (Barron & Darling-

Hammond, 2008; Duffy & Raymer, 2010; Jackson & Boboc, 2008; Savery & Duffy, 1995). Teachers 

can begin with open-ended questions that spark curiosity and critical thinking, such as, “How can 

we reduce our school’s environmental impact?” Teachers foster independent learning by guiding 

students through the research and solution process.

Teachers can use scaffolding techniques to support student inquiry. Initially, educators provide 

structured guidance, offering resources and frameworks. As students become more confident, 

the teacher gradually reduces support, encouraging learners to explore and solve problems 

independently. This gradual release of responsibility empowers students to take control of their 

learning, building the skills they need for lifelong success.

Classroom level: Teachers can start each unit with open-ended questions to spark curiosity. 

For example, a history class could ask, “How might a different outcome in a historical event 

have changed the world today?” Using scaffolding, educators initially offer structured guidance, 

gradually releasing responsibility as students become more confident (Beed et al., 1991; Bliss et al., 

1996; van de Pol et al., 2010).

District/System level: Districts can provide access to digital resources that support inquiry-

based learning, including research databases, project management tools, and communication 

platforms. Schools can also create inquiry-focused professional learning communities (PLCs) to 

foster collaboration among educators in developing inquiry-based lessons.
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Teacher preparation programs: Programs train candidates to develop lessons starting with 

open-ended questions, such as environmental challenges relevant to their region, and focus more 

on inquiry-focused lesson planning rather than directed instruction models.

Transitioning to a facilitative, student-centered education model requires incremental classroom 

changes and system-wide support as well as focusing on the preparation of future educators in 

these strategies. Teachers can foster engagement by integrating PBL, IBL, and student autonomy 

into their classrooms, while districts must offer professional development, partnerships, and policy 

alignment to sustain these efforts. Together, these actions prepare students not only for academic 

success but also for lifelong learning and adaptability in a rapidly evolving world.

Incorporating Technology and Digital Tools

Technology has revolutionized education by enabling personalized learning experiences tailored 

to individual student needs. These tools provide real-time feedback, helping students work at their 

own pace and offering remediation or enrichment based on performance (Shabbir, n.d.; Staton & 

Murgia, 2023). Understanding how to use these tools effectively is essential for future educators. 

Classroom level: Teachers can leverage tools like Google Classroom, Microsoft Teams, or AI-based 

tools like Diffit to design differing instructional materials. This may include assigning tasks based 

on real-time performance data, offering targeted remediation, or providing advanced material for 

students who are excelling. Tools like AI-powered chatbots can offer automatic feedback, reducing 

student response time (Shabbir, n.d.; Staton & Murgia, 2023). A teacher can use adaptive math 

software to assign tasks tailored to each student’s proficiency level while freeing up class time to 

focus on interactive discussions and projects.

District/System level: Districts can invest in training teachers on how to integrate technology 

meaningfully into their classrooms. Policies should emphasize the use of technology for routine 

tasks, such as grading while encouraging more human interaction during learning activities. 

Schools can develop district-wide digital literacy programs, teaching both teachers and students to 

use technology responsibly. A district partners with EdTech providers to roll out adaptive learning 

platforms in all middle schools, offering real-time tracking of student progress across classrooms 

and enabling data-driven interventions.

Teacher preparation programs: Opportunities for pre-service teachers to use Google 

Classroom, Microsoft Teams, and adaptive learning tools like Khan Academy can be integrated 



46

into coursework. Courses emphasize using AI tools for automating assessments and data tracking, 

helping candidates develop a balance between technology and personal engagement (Shabbir, 

n.d.; Staton & Murgia, 2023).

While technology offers immense potential for personalized learning, it is essential to maintain 

the human element in education (Royce, 2025). The role of the teacher as a facilitator, mentor, 

and emotional support system remains irreplaceable, it is a “human activity, based on trust 

and passion” (OECD, 2018, p. 7). To balance technological integration and human interaction, 

teachers should use technology as a complementary tool rather than a replacement for personal 

engagement. One recommendation is to use technology for routine tasks, such as grading and 

tracking student progress, while dedicating more class time to relationship-building activities, 

discussions, and personalized feedback. 

Additionally, educators can foster digital citizenship by teaching students how to use technology 

responsibly and ethically. This includes emphasizing the importance of empathy, collaboration, 

and respectful communication in online environments. By integrating these human-centered skills 

with technology, teachers can ensure that students excel academically and grow as compassionate, 

thoughtful individuals.

Employing Reflective and Responsive Practice

Reflective practice is a critical component of lifelong learning, as it allows teachers to critically 

analyze their teaching methods, successes, and challenges (Cruickshank, 1985). Through reflection, 

educators can identify areas for growth and adapt their practices to better meet the needs of 

their students (Merryfield, 1993). Reflective teaching can be fostered through journaling, peer 

observation, and self-assessment tools, which encourage educators to think deeply about their 

work and seek continuous improvement.

Embracing change is another essential quality for future teachers. In a world where technology 

and educational needs are constantly evolving, educators must be willing to experiment with 

new tools, methods, and philosophies. Teachers who resist change risk becoming stagnant and 

disconnected from the dynamic needs of modern learners. By adopting a growth mindset, 

educators can view challenges as opportunities for learning and embrace the uncertainties of the 

teaching profession with optimism and resilience.
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Classroom level: Teachers can engage in journaling, peer observations, or self-assessments to 

reflect on their practices and improve their teaching strategies. In addition, teachers can adopt 

feedback loops by regularly surveying students about what worked well and where they faced 

challenges. 

District/System level: Districts can implement structured professional development programs 

that focus on reflective teaching (Darling-Hammond, et al., 2017). This can include creating 

communities of practice where educators meet regularly to reflect on their experiences and share 

strategies for improvement. Schools may also adopt a growth mindset framework, encouraging 

teachers to see mistakes and challenges as opportunities for learning.

Teacher preparation programs: Teacher candidates maintain teaching journals to document 

their reflections on lessons and interactions with students. Programs can integrate peer observation 

cycles, where pre-service teachers observe each other and provide feedback, fostering a reflective 

mindset (Darling-Hammond & Bransford, 2005). 

Building Collaborative Networks

Professional Learning Communities (PLCs) are an effective way to promote collaboration, 

continuous learning, and shared expertise among educators. A PLC is a group of teachers who 

regularly collaborate to discuss teaching practices, share resources, and analyze student data with 

the goal of improving instruction and student outcomes. These communities foster a culture of 

collective responsibility for student success as teachers work together to address challenges and 

develop solutions.

PLCs also provide a safe space for educators to experiment with new ideas, receive constructive 

feedback, and reflect on their teaching practices (Riveros et al., 2012; Servage, 2008; Teague & 

Anfara, 2012). By regularly engaging in these collaborative discussions, teachers can gain new 

insights and refine their instructional strategies (Teague & Anfara, 2012). Many schools have 

formalized PLC structures, scheduling regular meetings where teachers can engage in data-driven 

conversations about student progress and instructional effectiveness.

Classroom level: Teachers can participate in subject-specific or interdisciplinary PLCs, working 

with colleagues to share strategies, discuss student progress, and experiment with new teaching 

methods (Beach, 2012; Van Driel & Berry, 2012). Collaboration tools like Padlet or Slack can 

facilitate resource-sharing among teachers in different schools or districts. Example: A group 



48

of science teachers collaborates with math teachers to integrate data analysis projects, helping 

students apply statistics in scientific experiments.

District/System level: Districts can formalize PLCs by incorporating collaborative planning time 

into teachers’ schedules (Battaglia & Brooks, 2019; Dever & Lash, 2013; Merritt, 2016; Mertens 

et al., 2010; Thousand et al., 2006). This ensures that collaboration becomes a routine part of 

teaching. Schools may also provide mentorship programs, where new teachers are paired with 

experienced educators to foster collaborative learning and improve instructional quality.

Teacher preparation programs: Teacher candidates work on group projects that mirror 

Professional Learning Communities (PLCs), analyzing student data and discussing instructional 

improvements. Creating professional development schools where teacher candidates can 

collaborate with K-12 schools to expose candidates to PLCs in action, where they can observe 

how teachers share resources and solve problems collectively (National Academies of Sciences, 

Engineering, and Medicine, 2020; Rock & Levin, 2002). 

Engaging in Cross-Disciplinary Collaboration

Future educators should be encouraged to collaborate cross-disciplinary and within their 

subject areas. The challenges facing modern society—such as climate change, public health, and 

technological innovation—are complex and multifaceted, requiring knowledge and skills from 

multiple disciplines. Teachers can model this interdisciplinary approach by collaborating with 

colleagues across subjects to design integrated learning experiences that connect different areas 

of knowledge (Bear & Skorton, 2019; Duerr, 2008; Duke et al., 2016; Halladay & Neumann, 2012; 

Reed & Groth, 2009). For example, a science teacher might collaborate with an English teacher to 

create a project that combines scientific research with persuasive writing. By working together, 

students learn to apply their knowledge across disciplines, preparing them for the increasingly 

interconnected nature of the modern workforce.

Cross-disciplinary collaboration can extend beyond the classroom, as educators partner with 

industry professionals, universities, and community organizations to bring real-world expertise 

into the learning experience. These partnerships expose students to diverse perspectives and 

provide opportunities for authentic learning experiences, such as internships, fieldwork, or service-

learning projects. By encouraging future teachers to engage in these collaborative efforts, schools 

can create a more holistic and integrated learning environment that prepares students for the 

complexities of the 21st century.
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Classroom level: Teachers can model interdisciplinary learning by co-planning projects across 

subjects (Duerr, 2008; Duke et al., 2016; Reed & Groth, 2009). For example, a history and English 

teacher might develop a joint unit where students write persuasive essays on historical events, 

combining research and writing skills. Example: A science class partners with an art class to 

create climate change awareness posters, helping students apply scientific knowledge and visual 

communication skills in tandem.

District/System level: Districts can establish partnerships with universities, industries, and 

community organizations to bring real-world expertise into classrooms (Clark, 1999; Jacobson 

et al., 2018). These partnerships can offer students internships, fieldwork, or service-learning 

projects, exposing them to authentic learning experiences beyond the classroom. Example: A 

district collaborates with a local engineering firm to develop a project where students design 

sustainable solutions for their community.

Teacher preparation programs: Drawing on the research that supports the inclusion of these 

approaches at the district and classroom level, candidates can participate in similar type courses 

that require collaboration across subjects (e.g., designing a science and art project) in order to 

be prepared to implement such strategies when they begin to teach. Community and Industry 

Partnerships: Programs work with local organizations to develop internships and service-learning 

projects that connect pre-service teachers with real-world experts (OECD, 2024b). Example in 

Practice: At Boston College, teacher candidates collaborate with local businesses to design project-

based interdisciplinary learning units, helping them understand how to integrate different subject 

areas as well as community services (Walsh et al., 2000).

Transitioning to a future-ready education system requires future-focused preparation, classroom 

innovation and district-wide support. Teachers must integrate technology to personalize learning 

while maintaining their essential role as facilitators and mentors. At the same time, reflective 

practice and collaboration are critical for continuous improvement. Districts play a pivotal role in 

providing resources, formalizing collaboration structures, and fostering partnerships with external 

organizations to enrich learning. Together, these classroom and system-level efforts will prepare 

students for lifelong learning and the challenges of a dynamic world. Teacher preparation programs 

must equip future educators to implement strategies that promote personalized learning, reflective 

practices, and collaboration. These needed strategies need to be modeled through coursework, 

field experiences, and mentorship opportunities within teacher preparation programs (National 

Academy of Education, 2024). Furthermore, programs that embed technology, reflective practices, 
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and collaborative models in coursework ensure future teachers are well-prepared to meet the 

demands of 21st-century education. These experiences empower candidates to foster personalized 

learning, build professional networks, and engage in cross-disciplinary teaching, ensuring they are 

ready for the complexities of modern classrooms.

Call to Action to Embrace Change 

The future of education demands that educators embrace change, not as a challenge to be feared 

but as an opportunity to transform learning for the better. Teachers must become champions 

of lifelong learning, both for their students and themselves. As facilitators of learning, teachers 

have the power to ignite curiosity, foster critical thinking, and instill in their students the desire 

to continue learning throughout their lives. Teacher educators have the responsibility to develop 

these skills within those who pursue higher education with the goal of entering a classroom.

For educators, embracing change means stepping out of the comfort zone of traditional teaching 

methods, those methods that likely served them well as a student themselves, and actively seeking 

new ways to engage students. It means adopting innovative teaching approaches, incorporating 

technology thoughtfully, and continuously reflecting on and improving their practice (Asia Society, 

2019). To be effective in this new educational landscape, teachers must develop and model a 

growth mindset—the belief that abilities and skills can be developed through dedication, effort, 

and learning from experiences.

Moreover, teachers must recognize that the role of education extends beyond academic 

achievement. It is about shaping well-rounded individuals who can contribute meaningfully to 

society. This requires educators to focus on facilitating learning beyond academics which includes 

nurturing students’ emotional intelligence, empathy, and resilience, and acceptance of “the 

different.” By building strong relationships with students and fostering a supportive and inclusive 

classroom environment, teachers can help learners develop the emotional and interpersonal skills 

needed for success in life.

At a global level, educators play a pivotal role in achieving the ambitious goals set forth in initiatives 

like SDG 4 (UNESCO, 2017). And society plays a pivotal role in helping teachers transition to 

strategies that will support these goals. By embracing change and adopting teaching practices 

that promote inclusiveness, equity, and quality education, teachers contribute to the creation of a 

more just and equitable world (UNESCO, 2017) and contribute to a world that does not yet exist. 

The success of these global initiatives depends on the ability of educators to adapt to the diverse 
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needs of their students, integrate new technologies, and foster a love for lifelong learning on a 

daily level and to adapt to global changes throughout their career.

As we move further into the 21st century, the role of the teacher will continue to evolve. However, 

one thing will remain constant: educators’ profound impact on their students’ lives. Teachers 

have the unique opportunity to shape future generations’ minds, guiding them toward academic 

success and becoming compassionate, curious, and capable individuals. For educators to fulfill 

this role, they must be willing to embrace the future of teaching, continually adapt, and, most 

importantly, inspire their students to become lifelong learners.

In conclusion, the role of the future schoolteacher is poised for a significant transformation, driven 

by the need to prepare students for an unpredictable and rapidly changing world. By focusing 

on the competencies and strategies outlined in this chapter, educators can effectively meet the 

demands of the 21st-century education landscape and beyond, ensuring they are well-equipped 

to cultivate the skills their students will need to succeed.

This call to action is clear: we must embrace change; the first change that is recommended is 

identifying a new role and term for the teacher of the future. As described at the start of this 

chapter, the term “schoolteacher” evokes an image of a figure standing in front of a classroom, 

delivering lessons from a structured curriculum to rows of students. Traditionally, this role has been 

centered around schooling, where the focus is on the transmission of knowledge, standardized 

testing, and maintaining order within the confines of a classroom. School is a policy term that 

often outlines and emphasizes traditional strategies that do not serve society well in the future. 

In this model, the teacher’s role is primarily that of a knowledge provider, responsible for ensuring 

students meet prescribed learning outcomes.

In contrast, education encompasses far more than just the delivery of information. Education is a 

holistic, lifelong process that empowers individuals to think critically, solve problems, collaborate, 

and adapt to an ever-changing world. It is about fostering curiosity, encouraging self-directed 

learning, and helping students discover how to apply their knowledge in meaningful ways. To 

reflect this broader, more dynamic role, the term “education facilitator” better captures the 

evolving function of today’s educators.

An education facilitator is not just a deliverer of facts but a guide who supports students as they 

navigate their learning journeys. Rather than merely imparting information, facilitators create 

environments where students can explore, inquire, and develop their skills. They help students 
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become active participants in their education, encouraging them to think independently, ask 

questions, and solve real-world problems. This approach aligns with modern pedagogical shifts 

that emphasize student-centered learning, project-based activities, and critical thinking. By shifting 

from “schoolteacher” to “education facilitator,” we acknowledge that teaching is no longer about 

transmitting knowledge in a one-size-fits-all model. Instead, it is about embracing the change for 

the future of learning and teaching.

The educational philosopher John Dewey famously stated, “If we teach today’s students as we 

taught yesterday’s, we rob them of tomorrow.” This quote encapsulates the pressing need for 

education systems to adapt to the changing realities of the world. Dewey’s philosophy of education 

first explained and described in the early 20th century was grounded in the idea that learning 

should be experiential, student-centered, and relevant to the real world. He argued that education 

should not merely be about transmitting knowledge from teacher to student but should instead 

focus on preparing students to participate actively in a democratic society (Dewey, 1938).

Dewey’s ideas are particularly relevant today, where the rapid pace of change requires a rethinking 

of traditional educational models. The future schoolteacher must recognize that the world students 

enter is vastly different from the one that existed even a decade ago. Technological advancements, 

global interconnectedness, and the rise of new industries have created a demand for skills that go 

beyond rote memorization and content mastery (OECD, 2018). As Dewey suggested, education 

must be about more than preparing students for exams; it must equip them to navigate and 

contribute to an ever-changing world.

As educators look to the future, Dewey’s philosophy reminds them that teaching must evolve 

to meet the needs of students in a rapidly changing world. Future educational facilitators must 

embrace new methodologies that prioritize student engagement, critical thinking, and the real-

world application of knowledge. They must reimagine and ultimately shape their role within the 

classroom.
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Abstract

This research examines the future milieu of science, technology, engineering and mathematics 

(STEM) higher education (HE), focusing on the evolving profiles and needs of future students. It 

explores the characteristics of these students and the required shifts in curriculum and pedagogy 

to address their needs. Through a systematic review of literature and reports published between 

2018 and 2024, a theoretical model is developed to illustrate the interrelated challenges and 

opportunities. 

Findings reveal an emerging profile of the (future) STEM students including significant changes 

in their learning methods, knowledge acquisition, and their overall expectations from HE. The 

study emphasises the need for holistic changes in HE, and a balanced integration of technology. 

The conceptual model identifies four key dimensions: skills and characteristics of future students, 

curricular and pedagogical innovations, institutional factors, and requirements from governing 

bodies. Each dimension includes various influencing factors, highlighting their complex 

interconnections. The results present an integrated model for future STEM education, designed to 

equip students for the complexities of an evolving world. The model will serve as a foundation for 

academic institutions and policy makers to develop strategies and policies, whilst also providing a 

framework for future research.
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Who are the future STEM students? Do we know their profile? How will they learn and more 

importantly, how should the higher education system evolve to suit their needs? Addressing 

these questions is critical to building a robust and responsive educational framework that would 

empower students to excel in a rapidly evolving, technology-driven future. With STEM education 

itself transforming in response to technological advancements, changing workforce demands, and 

evolving societal challenges, it is essential for higher education professionals and policymakers to 

have a better understanding of the future student for crafting effective policies and pedagogical 

strategies. As we advance into the 21st century, examining the factors shaping STEM education 

and the profiles of its learners becomes more critical than ever. This study aims to provide a 

comprehensive exploration of these factors and examines how higher education institutions 

(HEIs) can adapt to address the emerging needs of learners and society.

STEM education has long been recognised as a driver of innovation, economic growth, and solutions 

to global challenges, with Hu (2023), Subramaniam & Mok (2023), Lin et al. (2023) and Conner 

(2021) commenting on its critical role in shaping future development, prosperity and achieving 

Sustainable Development Goals (SDGs). As emerging technologies such as Artificial Intelligence 

(AI) and the Internet of Things (IoT) reshape workforce demands, STEM education must equip 

graduates with the competencies needed to engage with these changes. These advancements also 

introduce complex ethical and societal issues that future STEM students must address (Holmes & 

Porayska-Pomsta, 2023; Sabzalieva & Valentini, 2023; UNESCO, 2023, 2024). Identifying how STEM 

education can equip students with the skills to address these challenges is crucial in a rapidly 

evolving, interconnected world. 

At the same time, attracting and retaining students in STEM fields remains a persistent issue across 

many countries (Boltsi et al., 2024), emphasising a need for strategic educational reforms. The 

traditional siloed approach to STEM education, which prioritises specialist technical skills, often 

fails to inspire and engage students. A more integrated, interdisciplinary approach is necessary - 

one that connects scientific concepts with real-world challenges. This requires a fundamental shift 

in curriculum design and teaching methodologies to support holistic learning, as highlighted by 

Kolmos (2021). Considering these, it becomes essential for policy makers and HEIs to have a clear 

understanding of the future STEM students and their characteristics. This paper explores these 

critical issues with the following research questions.



69

Research questions:

1.	 What are the profiles of the future STEM students?

2.	 What skills, values, and characteristics will be essential for future STEM graduates?

3.	 How should higher education adapt to meet the needs of future students?

By investigating these questions, this study seeks to inform policy development, curriculum 

design and pedagogical innovation. Through an extensive review of recent literature, it identifies 

key trends, challenges and opportunities shaping the future of STEM higher education.

Background: The Journey of STEM Students: Past, Present, and Future

Guided by the research questions, this section explores the evolution of STEM students from the 

past to the future. It examines who the current students are, how they differ from those in the 

past, and projects the characteristics of future learners. This section paints a picture based on the 

social changes, increased opportunities, their characteristics, learning methods, screen time and 

being digital natives. The societal and technological changes are shifting their learning behaviours, 

motivation and characteristics. Examining this is essential for developing strategies that align with 

modern learners’ needs and prepare them for the future.

Characteristics of STEM students

STEM students of earlier generations were shaped by traditional education models that prioritised 

rigid structures and discipline-specific expertise. Learning relied heavily on physical textbooks, face-

to-face lectures and limited hands-on experiences which were typically confined to laboratories. 

Educational equity was a significant concern, as systemic barriers excluded many from marginalised 

groups, with women and ethnic minorities vastly underrepresented (NSF, 2023). These students 

often pursued STEM for its promise of stable, prestigious careers, viewing education as a linear 

path to job security. 

In contrast, modern STEM students differ significantly, representing a blend of technological 

adeptness, social consciousness and diverse learning preferences. As digital natives, they are getting 

more fluent in emerging technologies, including AI, virtual reality and programming languages 

(Lin et al., 2023). Their learning environments increasingly incorporate digital simulations and AI-

powered tools, enhancing both engagement and outcomes (Bakthavatchaalam & Shivashankar, 

2025; Boltsi et al., 2024; Nasir et al., 2024). They are more likely to engage with digital tools and 
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collaborative environments that advance creativity and interdisciplinary problem-solving. 

Additionally, the motivations of modern students extend beyond career prospects to encompass 

a commitment to addressing societal challenges, such as climate change and sustainability (Bosio 

et al., 2023).

Looking ahead, future STEM students are expected to be more deeply integrated into the digital 

and global scenario. Advances in AI, extended reality and personalised learning are anticipated 

to further tailor education to individual needs, with the students prioritising adaptability and 

resilience at a professional level, (Nasir et al., 2024).

Learning Environments

Historically, STEM education relied on lecture-based instruction, made-up  mathematical problems 

and isolated disciplines Unlike the limited group work of the past, today’s educational paradigms 

often emphasise team-based collaborative learning models that prioritise peer interaction and 

interdisciplinary problem-solving. Students increasingly participate in real-world projects and 

case studies that simulate professional environments, equipping them with the collaborative skills 

necessary for their future careers (Habbal et al., 2024; Kolmos, 2021). Active, project-based learning 

is largely replacing traditional lecture-based instruction, offering students opportunities to bridge 

theoretical knowledge with real-world applications (Johnson et al., 2021). The students now can 

also supplement the traditional curricula with self-directed exploration with the emergence of 

online open educational resources and massive open online courses, which were not widely 

available earlier, thus paving way for democratisation of education (Caravello et al., 2015). 

Assessment methods for current students have evolved significantly compared to the past. 

Previously, assessment methods prioritized memorisation and rote recall, reflecting a narrow focus 

on technical knowledge and accuracy. Whereas now there is an increasing adoption of continuous 

assessment techniques, designed to promote conceptual understanding and critical thinking. 

Formative  assessments, project-based evaluations and reflective exercises are now widely used to 

encourage active engagement with course material (McConlogue, 2020). 

Simultaneously, advancements in technology, such as the use of AI, are transforming the 

assessments. For example, AI has been successfully implemented in healthcare education, including 

surgical training and testing, to personalise assessments and feedback (Bakthavatchaalam & 

Shivashankar, 2025). These innovations could be easily adapted to other fields, such as biology 

and engineering, to enhance learning outcomes. AI-powered adaptive learning systems enable 
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personalised content delivery based on individual progress, while virtual simulations provide 

hands-on experiences without requiring physical resources. Looking ahead, future classrooms are 

likely to blur the boundaries between physical and virtual learning. In addition, extended reality 

tools may provide even more immersive experiences, enabling learners to conduct experiments 

and simulations in virtual environments.

Challenges and opportunities

A notable challenge among the current STEM students is their shorter attention spans compared 

to previous generations, a phenomenon attributed to the pervasive influence of digital technology 

and media. While past students engaged with content through structured, long-form educational 

formats, today’s learners are immersed in fast-paced, highly interactive digital environments that 

condition them to seek immediate gratification and rapid information delivery (Lissak, 2018). 

The ubiquitous use of digital devices, including smartphones and tablets, has fundamentally 

altered how information is consumed. Social media platforms provide content in bite-sized 

formats, promoting habits of skimming rather than deep reading or sustained focus. Nagata 

et al. (2020) comment that this continuous exposure to fragmented, rapidly delivered content 

impacts cognitive processing, leading to difficulties in maintaining attention during traditional 

lecture-based sessions. Another contributing factor is the neurological response to digital stimuli. 

Frequent interaction with technology activates dopamine pathways associated with instant 

rewards, conditioning students to prefer quick feedback loops over extended problem-solving or 

complex reasoning tasks (Lissak, 2018). This is particularly relevant in STEM fields, where solving 

problems often requires sustained concentration and iterative thinking.

To address these challenges, educators have started to adopt strategies such as gamification and 

flipped classrooms. Gamification, which incorporates game elements into the learning process, 

has emerged as an effective strategy to heighten motivation and engagement. In STEM education, 

gamified approaches have been reported to improve academic performance while enabling 

creativity and problem-solving skills (Venter, 2020). With Yu et al. (2022) commenting on how 

game-based methods  provide interactive and innovative learning experiences, thus boosting 

student engagement. 

Similarly, the flipped classroom model has gained traction in STEM and medical education. This 

model allows students to engage with content outside of class, thereby freeing up in-class time 

for collaborative problem-solving (Lin & Hwang, 2018). The qualitative work by Fung (2020) 

comments on how the video content created for the students enabled them to come up with 
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questions during the face to face sessions. However, while flipped classrooms have proven effective, 

challenges remain. One of them being the students being overburdened with pre-recorded videos 

to watch and synthesise even before the lecture, with even the authors noting that the students 

start to miss watching the videos, making the flipped classroom approach less effective, thus 

needing further investigation.

An increasing focus on Diversity and Inclusivity

STEM education has made strides in improving diversity and inclusivity. Scholarships and 

mentorship programs have increased representation among women and underrepresented 

minorities. Yet, disparities persist. For instance, women earned only 23% of engineering degrees 

and 19% of computer science degrees in the U.S. in 2019, despite accounting for 58% of overall 

bachelor’s degree recipients (AAUW, 2019). The current students are also more aware of learning 

difficulties and neurodiversity. The shame associated with mental health has started to reduce 

predominantly in the western countries, enabling more students to seek help. Inclusive practices, 

such as universal design for learning, are becoming standard in progressive institutions, reflecting 

a societal shift towards recognising diverse cognitive abilities and their contributions to STEM 

innovation (Lue, 2019; Palid et al., 2023; Syharat et al., 2023).

Finally, over the past two decades, there has been increasing recognition of the importance of student 

well-being in education. Mental health challenges are now more widely acknowledged, prompting 

institutions to adopt less stressful assessment methods and provide comprehensive support 

systems for managing anxiety and other related concerns. This growing awareness highlights the 

need for holistic approaches that prioritise student well-being alongside academic achievement 

(Lavados-Romo et al., 2023; Pester et al., 2023; Radan et al., 2023). With Bakthavatchaalam et al. 

(2021) commenting on the range of issues PhD students face in engineering, which would lead to 

stress and mental health issues. They call for institutional and national level policies to tackle the 

issues.

Mental well-being and Motivation

Compared to the past, current STEM students are using more digital landscape that significantly 

influences their learning and well-being. Platforms such as YouTube and learning management 

systems blend education with entertainment, leading to increased screen time. While this 

accessibility enhances learning, excessive digital exposure has been linked to physical and 

psychological challenges, including obesity, anxiety and reduced quality of life (Castro et al., 2020; 
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Lavados-Romo et al., 2023; Nagata et al., 2020). Institutions must address these issues through 

policies that balance technological engagement with health considerations.

The motivations driving students’ learning have also evolved. In the past, education was primarily 

degree-focused, with students viewing formal qualifications as a pathway to stable careers. Today, 

students are increasingly more confident to change careers, prioritising practical competencies 

that align with industry demands and personal growth goals, with Decoito et al. (2024) and Fazio 

(2024) advocating for a shift towards competency-based education. Fields such as coding, data 

science, renewable energy engineering and green technologies have become particularly attractive 

due to their relevance to the modern job markets (Tong, 2024).

Beyond demographic shifts, modern students exhibit a heightened focus on addressing societal 

challenges such as climate change, healthcare innovation, and sustainability (Bosio et al., 2023). 

Their motivations often extend beyond career prospects, reflecting a growing commitment to 

make meaningful contributions to the society. Globalisation has further influenced education by 

providing students with unique access to international opportunities through online platforms 

and study-abroad programs. These initiatives have started to promote cultural exchange and 

global perspectives, preparing students for a more interconnected world.

Overall, the past decade has witnessed incremental changes in education, marked by the adoption 

of digital tools, the evolution of assessment methods, an emphasis on collaboration, the central 

role of technology, and a growing focus on skill acquisition. These developments reflect broader 

societal and technological shifts that continue to shape the ways students learn and the goals they 

pursue through education.

This being an emerging area of research, coupled with all the anticipated changes in SEM 

education, it is crucial that further studies be conducted to develop an empirical understanding 

its trajectories. Especially having an intersectional model that brings together technological, 

social, ethical and pedagogical factors is essential for the institutions and policy makers to be able 

to proactively design future education systems. This research aims to design such a conceptual 

model by examining the literature on the future STEM students.
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Methodology

This study uses a systematic review of scientific literature, reports and projections published 

between January 2018 and August 2024. The timeframe was chosen to ensure the inclusion of 

the most recent advancements and studies in STEM education and its future directions. Strict 

inclusion and exclusion criteria were applied to ensure the relevance of selected works. The initial 

phase involved an extensive search of academic literature published in English. Literature in other 

languages, as well as publications from non-peer-reviewed or predatory journals were excluded. 

Only studies explicitly addressing the research focus were included, alongside reports from 

national and international bodies within the specified timeframe. Major repositories of scientific 

literature, such as Web of Science, Scopus, and IEEE Xplore were used for search. A combination 

of targeted keywords was used to identify relevant papers. Key terms included “Future STEM 

students,” “STEM higher education trends,” “Emerging skills in STEM,” “Interdisciplinary education 

in STEM,” “Curriculum innovation,” “Innovative pedagogical practices,” “AI in STEM education,” 

and “Policy framework for future education.”

Following the identification phase, a two-step screening process was implemented:

1.	 Preliminary Screening: Titles and abstracts were reviewed to exclude irrelevant works, 

including conference abstracts, posters, opinion pieces, book reviews, and student theses. 

Studies that merely mentioned STEM education without directly addressing it were also 

excluded.

2.	 Full-Text Review: Selected papers underwent a detailed review of their content, methodology 

and findings to assess their relevance to the research focus. Only those works that offered 

substantive insights into STEM education were included in the final analysis.

The selected papers were analysed to identify recurring themes and trends. This step enabled the 

categorisation of findings into key domains such as skills and competencies, curriculum innovation, 

pedagogical practices and policy frameworks. Additionally, documents from institutional, national 

(mostly within the UK and Europe) and international bodies were examined to contextualise the 

policy and institutional dimensions influencing STEM education. The systematic review culminated 

in the development of a conceptual model, synthesising the interconnected factors shaping the 

education of future STEM students.
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Results

This section brings together and critically looks at the key findings from the review, focusing on 

the evolving profile of future STEM students, the skills they will need, and the systemic changes 

required within higher education to support their development. It examines these changes at 

multiple levels, addressing policy reforms, institutional strategies, and academic practices. 

Projections for the future: The Evolving Profile of Future STEM Students

The evolving profile of students is explored in this section by their adaptability to technological 

advancements, emphasis on personalised and collaborative learning, increasing diversity and their 

commitment to addressing global challenges.

Future STEM students are expected to learn in environments increasingly shaped by technological 

integration and interdisciplinary approaches. Advancements in adaptive learning systems, with AI 

and mixed reality (MR) are anticipated to redefine the way they learn. These technologies would 

provide immersive environments that enables students to grasp complex concepts, particularly in 

fields requiring spatial reasoning and hands-on application (Guralnick, 2024; Yannier et al., 2020), 

innovations that were not conceivable  a decade ago. 

The personalisation of learning will play a pivotal role in shaping the future STEM student profile. 

Digital twins and virtual learning spaces are expected to expand educational boundaries, allowing 

students to visualise and interact with three-dimensional models, collaborators from other 

disciplines and geography, thereby enhancing engagement and interdisciplinary learning (Chiang 

& Liu, 2023). AI is also expected to hold promise for customised learning experiences, potentially 

enhancing engagement and effectiveness by adapting content to individual learning styles and 

pacing needs (Hwang et al., 2020) of the future students. AI-driven tutors are capable of providing 

step-by-step guidance in problem-solving, allowing students to build a stronger conceptual 

foundation through personalised teaching and learning, catering to the unique needs of students, 

including those with disabilities. These systems move beyond standardised teaching approaches 

by tailoring content delivery and pacing to improve academic achievement and better prepare 

students for the demands of STEM careers (Guralnick, 2024; Shivashankar & Bakthavatchaalam, 

2024).

Already a few institutions such as ‘The Alpha School’, Texas, has started using AI in teaching and 

learning. Students will also be able to self-assess their skills and knowledge with these tools, like 

the language learning apps that are currently available. Bakthavatchaalam & Shivashankar (2025) 



76

in their review of current and future healthcare education, comment on how the applications of 

virtual and augmented realities could add immersive and interactive dimensions to screen-based 

learning. These would provide students with the ability to explore environments and concepts 

virtually, which was previously not possible in a traditional classroom. However, it is important to 

note that most of such applications have been conducted as an experimental or developmental 

work and have not been fully tested in a classroom setting (Radianti et al., 2020). They also 

comment the need for technological advancements in education to be grounded in pedagogical 

theories to ensure a meaningful integration into teaching and learning practices.

Taking these a step further, Alavi et al. (2022) comment that the future students will benefit from a 

shift from the currently prevalent model of ‘AI-directed learning,’ to ‘AI-empowered learning’. They 

comment that in the current system, AI systems are equipped with subject-specific knowledge 

and assumes the role of primary knowledge provider, while learners passively receive information. 

Whilst this could be a starting point, the authors advocate ‘AI-empowered learning’ in the 

future, where AI would serve as a collaborative support engine, enabling dynamic interactions 

between multiple learners and instructors. This approach emphasises the role of AI in enhancing 

a participatory learning environment that empowers both educators and students.

Looking at the social side, the demographic profile of STEM students is anticipated to keep evolving, 

with increasing representation from underrepresented groups such as women, ethnic minorities, 

and first-generation university attendees, thus bringing rich perspectives to the forefront (Dost, 

2024). However, it also necessitates addressing systemic barriers and creating inclusive curricula 

that reflect the achievements and experiences of individuals from all backgrounds. Policies 

promoting gender equity and contributions from minority communities are essential for ensuring 

a sense of belonging (Bakthavatchaalam & Sa, 2024; Bakthavatchaalam et al., 2020; Madgavkar et 

al., 2019; UK-Parliament, 2023). 

Future STEM students are likely to exhibit a heightened awareness of global challenges, such as 

climate change, sustainability and social inequality  (UNESCO, 2022). These priorities will shape their 

academic interests and career aspirations, thus showing a need for embedding ethical awareness 

and social responsibility in education. As global issues increasingly demand collaborative solutions, 

students are engaging more frequently in cross-border teamwork, a trend reflected in the rise of 

international educational mobility (Kayashima & Sugimura, 2024; OECD, 2024). This along with 

international collaborative learning, is projected to enhance students’ awareness of global issues 

and to participating in global projects addressing issues such as water scarcity, AI ethics and space 
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exploration, further integrating cultural and geographical diversity into their learning experiences. 

To fully harness this potential, the educators must work on creating opportunities for the students 

to convert their increasing global awareness into meaningful, action-oriented contributions. 

However, the institutional frameworks and research to support such a participatory action remain 

underdeveloped and require further exploration.

Skills for the students

The demands of the rapidly transforming STEM milieu require a diverse set of skills and competencies 

for future students. These skills go beyond just the foundational technical expertise to encompass 

advanced cognitive, ethical and interdisciplinary abilities. Alongside technical knowledge, students 

will be expected to develop professional competencies, including metacognition, self-assessment 

and collaboration within communities of practice (Johnson et al., 2021; Sá & Serpa, 2018). As 

technological, environmental, and societal challenges grow more complex, students must be 

equipped to meet these demands throughout their education and employment. 

Digital and technological literacy came up as one of the most important results. Future STEM 

students having to cultivate strong proficiency in emerging technologies, such as AI, virtual 

environments, and collaborative digital platforms, would be paramount. As Zhai and Krajcik (2024) 

in their work comment, these skills would involve traversing advanced tools and engaging with 

technologies and tools including AI for enhanced problem-solving and productivity. Also, with 

data becoming central to STEM disciplines, students will need expertise in collecting, analysing, 

and visualising large datasets to derive meaningful insights. 

Their technological literacy should not only be for using the tools but also to critique the role 

of these tools, ensuring they are used ethically and effectively. Critical thinking and problem-

solving remain essential as future STEM students address complex societal challenges. These 

skills require students to analyse information objectively, synthesise data from multiple sources, 

evaluate evidence, and devise evidence-based solutions. The integration of AI further enhances 

this process, as students learn to collaborate with intelligent systems to optimise solutions, for 

instance, students need to critically assess AI-generated outputs while applying human judgment 

to devise their solutions (Holmes & Porayska-Pomsta, 2023; Nguyen et al., 2024). Alongside these 

technical capabilities, communication and collaboration skills are vital, with STEM students 

having to articulate complex ideas clearly and work effectively with transdisciplinary and culturally 

diverse teams (Sá & Serpa, 2018). 
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Adaptability and lifelong learning are indispensable for future students to remain relevant in 

industries characterized by technological advancements (UNESCO-ICEE, 2021). 

The constant evolution of technologies and methodologies requires a commitment to ongoing 

education and the resilience to adapt to new environments and challenges. To futureproof STEM 

education, universities in the UK are currently exploring new approaches. This includes  the UK 

Research and Innovation (The UK Government’s non-departmental public body for research) 

allocating £117 million for developing more than ten doctoral research centres in the country.

So, in essence, the continuous learning will not only be for the students, but for the academics 

and the HE system overall. This adaptability includes not only acquiring new technical skills but 

also embracing innovative practices and demonstrating the flexibility needed for the future 

developments (Farsawang & Songkram, 2023; UNESCO, 2021). Whilst these papers focus on the 

future generation, it is essential that the aging population should not be left behind. 

As STEM challenges grow more interconnected, the need for systems thinking came up as an 

essential skill for the future students.  This skill involves recognising relationships between 

different elements and anticipating the broader impacts of changes, allowing for the development 

of comprehensive and sustainable solutions. In addition, interdisciplinary and transdisciplinary 

collaboration will become increasingly important as traditional STEM boundaries blur (Habbal 

et al., 2024; Kolmos, 2021). Students will need to integrate knowledge from various domains 

and work effectively in diverse teams to address real-world problems such as climate change, 

homelessness, peacebuilding, reducing inequities and food security., ensuring that they are able 

to bridge what they learn with socially relevant issues, thus encouraging their social responsibility  

(Bakthavatchaalam et al., 2024; Feher et al., 2022). It also means that the education system should 

develop shared epistemologies between the different disciplines that would enable the students to 

work across disciplines. It is only recently, that few of the universities in the UK, including Cardiff, to 

have initiated and are trialling interdisciplinary modules in engineering. A true ‘Transdisciplinarity’ 

is yet to be achieved.

Ethical decision-making  will be an essential skill for traversing the growing influence of advanced 

technologies in STEM. Students must understand the limitations and societal implications of AI 

tools, for instance their energy usage, biases, resources required etc. for ensuring their responsible 

and equitable application (Vedrenne-Gutiérrez et al., 2024).
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Embedding entrepreneurship skills and education within STEM came up as another important 

element to focus on for HEIs. The importance of entrepreneurship in education as Konst & Kairisto-

Mertanen (2020), Raposo (Raposo et al., 2022), Liston et al. (2023) and Abina et al. (2024) mention 

empowers professionals to identify opportunities, take calculated risks and translate scientific 

discoveries into real-world impact for societal benefit.. Recently, to answer the stagnating job 

market, several HEIs in India have set up Entrepreneurship Development Cells (EDC) which are 

tasked with promoting entrepreneurial skills and creating a supportive environment for students. 

They do this by offering training, hands on opportunities, mentorship, and resources to students 

and faculties. 

Some of the successful examples include the EDC at IIT Madras, that has supported the creation 

of over 200 start-ups, focusing on sectors such as renewable energy, healthcare, and AI (IIT-

Madras, 2024). Similarly, ‘the Next Einstein Initiative’ in Rwanda, seeks to integrate STEM with 

entrepreneurship by equipping students with the skills to create innovative solutions tailored to 

the Africa’s unique challenges, such as public health and agriculture. A growing trend of green 

entrepreneurship and Sociopreneurship has emerged, mostly driven by NGOs, highlighting a 

nexus between STEM education, social issues, and environmental sustainability. These approaches 

encourage STEM professionals to develop solutions that address societal challenges while 

promoting ecological balance.

However, an empirical measure of the effectiveness of such initiatives remains underexplored in 

STEM. An important critique of such programmes is that such initiatives are often concentrated in 

well-funded institutions, creating disparities in access to resources and opportunities for students 

from less privileged backgrounds or smaller institutions. This section outlined some of the skills 

required for the future students, the next section looks at the changes within the HE system that 

are needed for ensuring that the demands of the future students are accounted for. 

A systems view of the changes in HE for future STEM students

The evolving demands of STEM fields warrant a transformation in HEIs to equip students with 

the skills and competencies required for the 21st century. These changes must address curriculum 

design, pedagogical approaches, faculty development, infrastructure and support services, 

enabling an inclusive, innovative, and adaptable environment. This section explores this with a 

few case studies.
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Curriculum and programme design

In terms of the curriculum and programme design, HEIs cannot continue with the traditional, 

discipline-specific approach. They must look at adopting transdisciplinary, flexible, and innovation-

driven models that integrate fields such as the humanities, social sciences, and emerging 

technologies (Anthony J. Petrosino, 2024; Boltsi et al., 2024; Decoito et al., 2024; Feher et al., 2022; 

Kolmos, 2021). Emerging areas such as AI, data science, and sustainability leadership should be 

prioritised to align academic offerings with the evolving demands of the job market (Herodotou 

et al., 2019). By aligning academic offerings with industry demands, institutions can ensure that 

graduates are equipped with the knowledge and skills sought after by employers (Feher et al., 

2022).

Few modes of integrating AI, Sustainable Development (SD) and PBL within the curriculum include 

integration as just a topic in a module/subject, designing an entire module within the programme, 

redesigning the entire programme for a horizontally integration and finally, integrating these as 

extra-curricular activities by hackathons, clubs and competitions. Whilst a complete curriculum 

redesign might be challenging for institutions, a blended strategy combining these approaches 

could serve as a practical starting point.

Looking at a modular level, Ciriello (2022) examines how a new module based on Project-Based 

Learning (PjBL) was developed and implemented  at King’s College London. Similarly, the works of 

Bakthavatchaalam et al. (2024)  compare the use of interdisciplinary learning at the University of 

Bath and Cardiff University. Their findings highlight how students benefit from project designs that 

integrate perspectives from multiple disciplines, allowing them to be creative with their solutions. 

Looking at implementation at an institutional and programme level, Aalborg University’s model 

of interdisciplinary PBL (Chen et al., 2021; Kolmos et al., 2004) serves as an example, where the 

students work on projects that span multiple disciplines, encouraging them to view problems 

holistically rather than through a single subject lens. For example, engineering students could 

collaborate with those in social sciences or environmental studies to design sustainable solutions. 

Such a trans-disciplinary approach not only enables the students to collaborate and learn about 

the other disciplines but also enhance their transversal skills.

The concept of ‘Flexible Education Pathway’ was seen to be an important aspect for supporting the 

future STEM learners. With the projected increase in mobility and personalisation of education in 

the future, the institutions would find it better to move away from the prevalent ‘One-size-fits-all’ 

models to offer flexible pathways (Feher et al., 2022). Modular course structures, part-time study 

options, and blended learning approaches provide the adaptability students require to balance 

their academic, professional, and personal commitments.
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Pedagogical Innovation

The traditional lecture format must evolve into learner-centred approaches that encourage 

critical thinking, problem-solving, and collaboration, with methods such as PBL and real-world 

projects providing students with an alternative hands-on experience that mirror professional 

scenarios (Gamage et al., 2022). Along with the tools, the institutions must also investigate new 

pedagogical approaches to support the future students. Pioneering in the Southwest of the UK, 

Cardiff University and UWE Bristol have revamped their first-year engineering curriculum and the 

associated pedagogical approaches to include more application and PjBL. In addition, at Cardiff, 

the students from different disciplines work in small groups for one dedicated week solving a real-

world engineering problem, thus enabling collaboration, development of professional skills etc. to 

bridge theory and practice. The effectiveness of the modified curriculum in these institutions are 

yet to be empirically quantified.

Also, to cater the future students, institutions should integrate digital tools and smart infrastructure, 

such as IoT and 5G, to create connected, technologically advanced campuses that reflect the 

environments students will encounter in their careers. These could include remote and virtual 

labs, that enable students to conduct experiments and gain hands-on experience regardless of 

their location and at the same time enhance global collaboration (Boltsi et al., 2024; Chiang & Liu, 

2023).

Looking at the assessments for the future students, (Gao et al., 2020; Habbal et al., 2024; Schultz et al., 

2022) describe the shift from traditional evaluation methods to using technologies for continuous, 

real-time assessment systems that provide immediate feedback and adaptive learning pathways. 

These systems would not only monitor academic performance but also student engagement and 

skill development, providing a more comprehensive understanding of student progress. With 

these technologies in education being a disruptor, to implement these, there should be proper 

support for the faculty and investment in the infrastructure.

Faculty Development and Support

Faculty members are central in preparing students for evolving STEM scenario, so their roles must 

also adapt to meet the demands of interdisciplinary and student-centred learning environments. 

Comprehensive training programmes are essential to equip academics with the expertise needed 

in sustainability, interdisciplinary approaches, and culturally responsive pedagogy. These skills are 

necessary to create inclusive and engaging classrooms that support the diverse needs of future 

STEM students (Khadri, 2022; Kolmos, 2021). 
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Inclusive teaching practices and the effective use of technology in instruction can create engaging 

learning environments that support diverse student populations. Promoting collaboration among 

faculty from different disciplines is equally important for interdisciplinary research and teaching 

(Lin et al., 2023). A study by Mitchell & Rogers (2020) on PBL implementation at University College 

London (UCL) identified the need for targeted training and confidence-building for academics. 

PBL requires educators to move from their traditional roles as subject experts to facilitators of 

student-driven learning. This transition, which involves empowering students to generate novel 

solutions, may feel disempowering to some faculty. Similar results were pointed out by Chen et 

al. (2021) in their review, where they classify the challenges faced at an individual, institutional 

and cultural level. The results also suggested that the institutional support for the academics in 

terms of the workload for such curricular changes must be managed properly, as seen from Tefera 

et al. (2024) which looks at implementing PBL in Ethiopia. In South India, engineering academics 

expressed concerns that SDG integration diluted technical content and those who wanted to 

implement it, needed more support from the institution (Bakthavatchaalam, 2024). 

For faculty to effectively lead STEM education reform, institutions must prioritise professional 

development, facilitate cross-disciplinary collaboration and provide robust institutional support 

to manage curricular innovations. 

Infrastructure and Resources

Investment in state-of-the-art facilities and digital tools is essential for supporting research and 

providing the future students with hands-on experience in industry-relevant technologies (Li, 

2024). Virtual research environments and collaborative spaces can enhance accessibility and 

enable international and interdisciplinary partnerships. In addition, online and hybrid learning 

platforms, paired with simulation tools, can create environments that accommodate a range 

of learning needs without geographic constraints. The practicalities of such investments in 

underdeveloped and developing countries might be questionable. Bakthavatchaalam et al. (2021) 

comment that the newly founded HEIs in India are struggling to survive and do not have sufficient 

resources including qualified staff. In such a scenario, it would be difficult to invest in the latest 

technologies, especially those with a large paywall. Such finance constrained institutions and those 

in other developing countries would find it challenging to adopt or implement new approaches 

such as flexible pathways, modular curricula, recruiting and training staff with experience across 

interdisciplinary fields.  To address these issues, a few of the strategies that could be looked at 

include governments, private bodies and philanthropic foundations prioritising increased 

funding for education and to provide subsidised access to necessary technologies. Institutions 
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could also consider adopting open-source platforms and to prop-up local innovations. Capacity 

building through partnerships with industry and well-established universities can also support the 

development of flexible curricula at reduced costs, with shared access to resources such as digital 

tools and training programmes.

With the increasing demand for sustainability from the students, the institutions must start to 

embed sustainability practices into their infrastructure and operation, thus serving as a living 

laboratory for students, providing hands-on opportunities to engage institutional initiatives such 

as renewable energy projects, waste reduction programmes, and green building designs (Gamage 

et al., 2022). Encouragingly,  UNFCCC (2023) in their report comment that more than 1100 

Universities around the world have committed to transit to Net-Zero, but with a few of them 

transitioning only by 2050.

Inclusive policies

Enhanced support services, including mentoring, culturally responsive counselling, and academic 

assistance, are crucial for ensuring the success of underrepresented groups in STEM (Afaal & 

Bakthavatchaalam, 2023; Kezar & Holcombe, 2020)

Equity and inclusion must underpin all institutional practices, from hiring and promotion to 

curriculum design and student support services. Comprehensive data collection and analysis 

systems are vital for monitoring progress and ensuring that initiatives effectively address disparities 

(Handley et al., 2020). Recognising and accommodating neurodivergent students by implementing 

inclusive policies and alternative assessment methods is critical to ensure a truly equitable learning 

environment (Syharat et al., 2023). Especially with STEM students commented to have a higher 

anxiety and stress levels, higher screen time and with increasing diversity as mentioned in the 

previous sections, the investment in mental-health services and counselling becomes important.

Inclusivity must also take into consideration the increasing  population of women and minorities 

in STEM. Munoz & Villanueva (2022) commenting on how Latino women feel discriminated and 

the reasons for their underrepresentation in STEM. Policies supporting underrepresented groups, 

including women and minorities, are essential for reducing disparities and creating a diverse STEM 

workforce (Ahmed et al., 2023; Reznik & Massarani, 2022) . Bakthavatchaalam et al. (2020) in 

their work comment on how the current ‘Gender Blind’ policies that the engineering HEIs have 

adopted are detrimental in addressing the issues faced by female. They comment on the need for 

equitable and inclusive policies to support future STEM system.
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Afaal & Bakthavatchaalam (2023) in their work examining cultural influences in the Maldives, 

comment on how the existing cultural systems hinder female wanting to pursue aeronautical 

engineering as it is predominantly considered as a male field. Similar bias towards female and 

minorities in STEM have been observed in studies from other countries, including Bangladesh, 

India, and Vietnam, as reported by Ahmed et al. (2023), Bakthavatchaalam & Sa (2024), Giang et 

al. (2020), Narh & Buzzelli (2024) and UNESCO et al. (2021). 

Ahmed et.al. (2023)  in an important  study analysing data from 1.18 million students across 

eight Bangladeshi universities, revealed a marked gender disparity in STEM enrolment, attributing 

this to societal perceptions and safety concerns.  Similarly,  Grunwald & Daroub (2023) in their 

study of soil science in the United States, document persistent underrepresentation of women in 

leadership positions, a situation exacerbated by the COVID-19 pandemic’s impact on caregiving 

responsibilities and professional networking opportunities. Overall, the studies point to factors 

such as the absence of specific policies, socio-cultural  dynamics and the absence of role models, 

making it difficult to address this issue. These have resulted in behaviour such as bullying and 

passive aggressions that overtime becomes normalised. Sansone & Carpenter (2020) in their 

work show how minorities, especially those based on their sexual orientation negatively affect 

their chances of success in STEM. All the studies advocate for targeted policies that will promote 

inclusivity for the current and future STEM learners. 

National and international bodies such as the ministries of education, OECD, UNESCO, and the 

professional bodies such as the NSF, Royal Academy, UK Research and Innovation, International 

STEM Education Association etc. should drive the development and implementation of the 

policies by setting research agendas and funding frameworks that encourage inclusive policies at 

different levels. 

Supporting future STEM students will require policies that prioritise accessibility, sustainability, 

and innovation. Key areas of focus include addressing disparities in STEM teacher recruitment and 

retention, developing inclusive curricula, and seamlessly integrating technological advancements 

into classrooms (NSF, 2020; UK-Parliament, 2023). Concluding this section, it is not only essential 

to have these systems and changes for the students, but robust data collection and analysis systems 

are essential for tracking the effectiveness of these initiatives. Institutions must use data to identify 

gaps, monitor progress, and make evidence-based adjustments to their strategies in supporting 

future STEM students.
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Conceptual model

The proposed conceptual model  (Figure 1) synthesises the key elements influencing the 

development of future STEM students, based on findings from the systematic review. It identifies 

four interconnected dimensions shaping the STEM education landscape: Skills and Competencies, 

Curriculum and Pedagogical Approaches, Institutional Factors, and Governing Bodies. These 

dimensions form a dynamic framework that addresses the intricate nature of STEM education 

reform.

Figure 1: Conceptual model
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Each of the dimensions have their associated factors that policy makers and the institutions could 

consider in designing their framework. In conclusion, the review shows that the future of STEM 

education and the associated pedagogies will be defined by their ability to address the changing 

needs of its students and in preparing them to address the complex challenges of the 21st century. 

Whilst embracing the advantages of AI, it is important to critically review its implementation.

An ethical and critical view of the future STEM education

While digital innovations offer new opportunities, they also highlight disparities in access to 

resources and infrastructure. This section looks critically at the social, technical, economic and 

the environmental issues associated with the projections of the future STEM education which the 

students will be exposed to. 

The ethical considerations surrounding the future of STEM education are becoming increasingly 

complex as technology advances shaping the educational practices (Holmes et al., 2023). One 

key concern is the issue of data privacy where digital tools have become inherent for teaching 

and learning. With the rise of personalised learning platforms and online education tools, vast 

amounts of student data are being collected and analysed. While this data can enhance learning 

experiences, its misuse poses significant risks. Education institutions often rely on third-party 

platforms, which may not adhere to stringent data protection standards, thus exposing students 

to potential breaches and unauthorised data sharing (Beetham et al., 2019). In addition, the 

centralisation of data by large technology corporations raises ethical questions about ownership 

and control of intellectual property. The handful of ed-tech conglomerates, which dominate 

the sector, could easily monetise user data for purposes beyond education, including targeted 

advertising and commercialisation, thereby compromising student privacy and agency (Holmes 

& Porayska-Pomsta, 2023; Selwyn, 2019). These platforms could exacerbate inequalities in STEM 

education, favouring institutions and learners with greater financial resources while monetising 

educational content and learner data, thus leaving behind those unable to afford.

Developing and low-income countries face issues such as poor connectivity and limited access 

to digital tools which creates an additional barrier, where resource constraints impede equitable 

learning opportunities. Addressing these disparities will be essential to ensure all students benefit 

from the advances in STEM education (UNICEF, 2021). To overcome these barriers, governments 

and institutions must prioritise investment in foundational infrastructure, such as stable internet 

connectivity and affordable hardware, to increase access. Partnerships with international 
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organisations and technology companies can provide funding and technical expertise, enabling 

resource-constrained institutions and communities to adopt AI solutions; at the same time 

being cautious of over-reliance on external bodies. Additionally, open-source AI platforms and 

educational resources can be used to reduce costs and expand access. Another inter-related social 

issue in the developing countries is corruption in education, including procurement process, 

little oversight, recruitment and the absence of stringent accountability measures and so forth 

(Bakthavatchaalam et al., 2021; Duerrenberger & Warning, 2018; Poisson, 2010). Transparency, 

training and empowering local communities and ethical governance are essential to ensure that 

allocated resources reach their intended purpose.

Another pressing issue is the increasing commodification of education, particularly in STEM. As 

educational technologies become more sophisticated, there is a growing trend towards monetising 

access to resources, tools, and certifications. This commercialisation risks increasing educational 

inequalities, as students from underprivileged backgrounds and regions may struggle to afford 

the necessary digital infrastructure or paywalls associated with premium content. The dominance 

of profit-driven corporations in STEM education further complicates efforts to ensure equitable 

access.

The adoption of online platforms for education would disrupt the current educational practices, 

challenging established norms such as attendance requirements and institutional oversight, it is 

essential that the HEIs are prepared for these changes. With the projected shift to online education, 

it requires careful recalibration to ensure educational standards and accountability . Additionally, 

the psychosocial toll on STEM students remains an underexplored consequence of these changes. 

The ever increasing screen time of the learners has been linked to concerns about health, attention 

spans, and the quality of interpersonal skills among students (Twenge & Campbell, 2018).

The use of GenAI in STEM education introduces new dimensions of challenges. While these 

systems enhance personalised learning and problem-solving, their reliance on opaque algorithms 

raises concerns about accountability (Holmes & Porayska-Pomsta, 2023). Biases embedded 

in their training data, that perpetuates stereotypes or provide inaccurate information could 

misguide learners (Bender et al., 2021). Also, the over-reliance on GenAI could undermine critical 

thinking and problem-solving skills, as students may default to AI-generated outputs without 

questioning their validity or engaging deeply with the material. Another concern is the opacity of 

GenAI systems, which functions as “black boxes,” making it difficult for educators and students 

to understand how outputs are generated, potentially creating a sense of passively accepting AI-
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generated content (Holmes & Porayska-Pomsta, 2023). To ensure GenAI’s ethical and effective 

use in STEM education, it is crucial to adopt transparent, equitable, and pedagogically sound 

frameworks that prioritise human oversight and critical engagement.

Environmental sustainability is another pressing concern associated with AI technologies in 

education. Training and operating large-scale models like GPTs require immense computational 

power, contributing to significant carbon emissions and energy consumption. For example, it is 

estimated that training a single large language model can generate carbon emissions equivalent 

to those produced by several hundred transatlantic flights (Strubell et al., 2019). Water usage 

for cooling data centres further compounds the environmental impact, particularly in regions 

facing water scarcity (Patterson et al., 2022). As these models become increasingly integrated into 

educational platforms, their ongoing use for personalised learning, real-time problem-solving, and 

continuous updates exacerbates the energy demands. This poses ethical dilemmas, particularly 

in the context of global efforts to reduce carbon footprints and promote sustainable practices, 

as several universities have set targets for achieving Net-Zero (Aghamolaei & Fallahpour, 2023; 

UNFCCC, 2023). These efforts are not only ethical imperatives but have also become critical factors 

in institutional rankings, shows the increasing interest in this area. This creates a paradox for the 

institutions, in having to balance the integration of AI into teaching, research, and administrative 

functions with that of the substantial energy demands  of AI integration. How the institutions will 

account for this remains to be seen.

As AI-driven tools like personalised learning platforms and digital classrooms favour dominant 

languages, such as English, Chinese, Spanish etc., students from indigenous communities may 

face barriers to accessing quality education in their native tongues. This marginalisation of small 

and indigenous languages could profoundly impact future education by reinforcing linguistic 

and cultural inequities. This exclusion not only risks eroding linguistic heritage but also limits 

cultural expression and identity, which are deeply tied to language. Over time, the dominance of 

AI-supported global languages in education may discourage the use of indigenous languages in 

academic and everyday contexts, further diminishing their relevance. To address these barriers, 

AI developers and education institutions must prioritise the creation of multilingual STEM 

resources, ensuring that curricula, digital tools, and assessments are accessible in a broader range 

of languages for the students. Adding to it, culturally relevant content must be integrated into AI-

driven platforms to enhance engagement and contextual understanding for learners from diverse 

backgrounds.
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Ensuring equitable access to resources and robust digital infrastructure is vital for bridging gaps in 

educational opportunity. Issues such as digital preservation and accessibility, including concerns 

about long-term resource sustainability, must also be prioritised to maintain continuity and quality 

in learning experiences. Addressing inequities in STEM also requires examining disparities between 

the Global North and South and ensuring education remains accessible in regions of conflict, 

with GCPEA (2020), HumanRightsWatch & GCPEA (2024) and O’Malley (2010) mentioning how 

education facilities become a target of attack, pushing the countries’ education progress even 

further back. Addressing these disparities will be essential to ensure all students benefit from the 

advances in education.

Conclusion

In conclusion, this paper has explored the evolving needs of future STEM students and emphasises 

the necessity to proactively address them. To prepare them for the challenges ahead, institutions 

must focus on developing new pedagogical approaches, building on interdisciplinary and 

transdisciplinary curriculums that enables critical thinking, collaboration and problem-solving. 

An education centred on project-based and problem-based learning will facilitate them with 

the hands-on experience necessary to develop these essential skills, or does the future warrant 

developing a completely new pedagogical approach? With the students’ demands evolving rapidly, 

the institutions must investigate adaptive and hybrid educational models, offering personalised 

learning opportunities powered by AI to ensure that each student’s unique needs and learning 

styles are addressed.

Close collaboration is seen to be essential between institutions, industry partners and policymakers 

to implement these recommendations effectively. Together they can  explore addressing the ethical 

implications of technology integration, particularly in the context of AI. It is important to establish 

frameworks to ensure that the use of AI is aligned with principles of data privacy, algorithmic 

fairness, and environmental sustainability. By setting clear ethical guidelines, institutions can 

prevent the potential misuse of technology and ensure its responsible application in education.

Inclusivity remains central to the future of STEM education. Policies should address systemic 

barriers by creating flexible pathways, offering mentoring, and accommodating diverse learning 

needs. Encouraging participation from underrepresented groups, including women and ethnic 

minorities, to enrich the STEM workforce with diverse perspectives. In addition, culturally 

responsive teaching and universal design for learning are essential initiatives to ensure that all 

students, regardless of background, have equitable access to quality STEM education. Policy 
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makers are encouraged to adopt data-driven approaches to monitor the effectiveness of these 

interventions. Investing in robust systems to collect, analyse, and act on educational data is 

essential for regular monitoring and improvements.

Overall, this research contributes to the current discussion on the future of STEM students and 

how the HE system needs to adapt by presenting a comprehensive examination of the evolving 

needs, skills, and characteristics of future students. It highlights the necessity for systemic changes 

in curriculum design, pedagogical methods, and institutional frameworks to better align with the 

demands of an interconnected, technology-driven world. The proposed conceptual model shows 

the critical interplay between skills development, curriculum innovation, institutional support, 

and governance. Along with these, the success of future STEM education will depend on our 

ability to create learning environments that cherish creativity, critical thinking and a deep sense 

of social responsibility. 

Limitations of the study

It is important to note that STEM encompasses a number of disciplines, whilst this paper treats it 

as a unified area, which means that the individual nuances and challenges in each of the disciplines 

might not be explored in detail. Since it looks at the global perspective, with examples and case 

studies from all over the world, the recommendations should be considered within the regional 

and cultural contexts in which they will be applied. The research also relies on secondary data 

sourced from a systematic review of existing literature, which could have missed out on any 

potential papers, especially if they were written in a different language to that of English. The lack 

of papers from underdeveloped countries should be mentioned as another limitation which must 

be considered whilst implementing policies there.

A call for future research

Future research should prioritise empirical testing of the conceptual model through pilot 

programmes and longitudinal studies, evaluating its efficacy across varied educational and cultural 

contexts both qualitatively and quantitatively. Incorporating direct input from students, educators, 

policymakers, and industry professionals would provide deeper understanding to enhance the 

relevance and applicability of the model. Future research could examine papers written in other 

languages and empirically validate the model across diverse geographies and socio-economic 

contexts. This would enable iterative refinements to better address regional and cultural needs. 
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Integration of AI in STEM is a relatively new and currently a disruptive development in the education 

sector.  Further research is needed to evaluate its impact on STEM education, including its effects 

on students’ learning and mental health, educators, institutions, and the pedagogical approaches 

necessary for its effective implementation. Greater exploration of ethical concerns surrounding 

the use of AI and digital technologies, particularly regarding equity and data privacy, is crucial 

for enabling a responsible integration. In addition, examining interdisciplinary innovations that 

connect STEM with the arts and humanities could offer more holistic approaches to preparing 

students for complex, real-world challenges, this needs to be further explored. Finally, focused 

studies on governance and policy frameworks must be conducted to strengthen the model’s  

alignment with national and global priorities.

This paper finishes with a call to action for educators, policymakers, and researchers to address the 

challenges and take advantage of the opportunities in STEM education for the future.
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Abstract

This chapter addresses technological trends in education, examining how technologies such 

as artificial intelligence and extended reality can enhance the learning experience to be more 

personalized and engaging. For example, artificial intelligence technologies allow for customization 

of the learning experience for every user by recognizing their learning patterns, adjusting the 

contents/type of information to be delivered accordingly, and providing clues that will assist each 

learner appropriately. One of the significant potentials of extended reality technologies is that 

they offer enhanced interactive engagement by providing 3D environments. These technologies 

also act as new tools for gathering and understanding educational data. The present article aims 

to provide an evidence-based review of the technological development of education, with a focus 

on AI and XR technologies. Case studies demonstrating successful applications, such as AI-driven 

virtual tutors and XR-based virtual labs, will be discussed, which improve accessibility and may help 

students develop skills in safe, simulated settings. Challenges, including data privacy, technological 

equity, and ethical concerns, are analyzed. The chapter concludes by addressing the pedagogical 

implications of integrating AI and XR technologies and proposing strategies for their responsible 

and effective adoption in education. Finally, the chapter emphasizes the challenges posed by new 

technologies for education and how these technologies can change the current education system.
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Introduction

The present book chapter discusses how Artificial Intelligence (AI)1 and Extended Reality (XR) 

2 are posed to reshape the educational landscape, offering ways to personalized and enhanced 

learning. The chapter begins with an overview of AI and XR technologies, highlighting AI’s 

capabilities for tailoring educational experiences to individual learners and XR’s power to create 

immersive, interactive environments that bring lessons to life. Then, it will examine the combined 

benefits of these technologies, such as increased engagement, improved accessibility, and the 

potential to reduce educational disparities. Finally, the chapter will point to key challenges, 

including data privacy, potential over-reliance on technology, and the practicalities of widespread 

XR implementation. This chapter provides a balanced view of how AI and XR can enrich education 

while considering the complexities they introduce.

Recently, there has been an increasing trend in using AI and XR in education (Alnagrat et al., 2022). 

The potential technological benefits, such as data-driven personalization (Papadopoulos & Hossain, 

2023) combined with highly engaging and immersive educational materials delivered using XR, are 

already enabling these technologies to be successfully integrated into traditional academic settings 

(Mendoza Garcia et al., 2024; Titus, 2024).

Using advanced technological solutions in the context of education has already yielded measurable 

improvements in student engagement and learning outcomes. A recent survey by the XR 

Association, in partnership with the International Society for Technology in Education (ISTE) on 

over 1,400 U.S. high school teachers, revealed that 77% believe XR inspires curiosity and increases 

student engagement (Extended Reality Association, 2022). Meanwhile, AI-driven tutoring systems 

have demonstrated significant efficacy; a meta-analysis found that students using Intelligent 

Tutoring Systems outperformed their peers in conventional classes in 92% of evaluated cases (Kulik 

& Fletcher, 2016).

With the ability to efficiently capture and analyze large volumes of student data, AI systems are 

making it possible to offer more personalized learning experiences. These tools suggest tailored 

learning paths, provide targeted recommendations, and handle routine administrative tasks, 

enabling educators to devote more time supporting individual learners (Dwivedi et al., 2021).

One notable advancement is the introduction of AI-driven virtual tutors that deliver real-time 

1  In this chapter, AI is defined broadly as any technology that utilizes machine learning techniques or performs tasks that mimic aspects of 
human intelligence (Sheikh et al., 2023). This includes technologies that analyze data, process language, generate content, and perform tasks 
traditionally requiring human cognition.

2  Extended Reality (XR) is used as an umbrella term including all these technologies that are able to deliver immersive sensory experiences to 
the users, often mediated via head-mounted displays (HMDs). In such context, the term XR includes Virtual Reality (VR), Augmented Reality 
(AR), and Mixed Reality (MR) (see (Laato et al., 2024; Rauschnabel et al., 2022) for a comprehensive terminological discussion).
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feedback, allowing students to receive immediate guidance across a wide range of subjects (Aguirre, 

2020; Bassner et al., 2024). These digital resources adapt to learners’ needs, offer interactive and 

engaging content, and remain up to date through continuous revision, thereby reducing the need 

for frequent textbook replacements (Brusilovsky et al., 2022; Luckin & Cukurova, 2019; Nguyen, 

2023; Yang et al., 2023). In this way, educational approaches shift from static, uniform materials to 

more responsive, learner-centered environments driven by AI.

Similarly, advances in XR technologies are reshaping educational practices. Immersive Virtual 

Reality (VR) and Augmented Reality (AR) environments allow learners to visualize and interact 

with complex concepts that would otherwise be difficult to experience in traditional classroom 

settings. This technology includes safe simulations of hazardous scenarios, enabling students 

to gain hands-on understanding and skills (Melinda & Widjaja, 2022; Serin, 2020). VR is also 

beneficial in special education contexts and remote learning, as it can be tailored to individual 

needs, ensuring that every learner has access to meaningful, supportive educational experiences 

(Buzio et al., 2017; Penland et al., 2019). Likewise, Augmented Reality (AR) enhances learning 

by overlaying digital information onto the physical world, increasing student engagement and 

motivation (Akçayır & Akçayır, 2017; Daniel & Suleiman, 2023). By making it easier for learners to 

interact with and manipulate digital content in real time, AR-based applications are improving 

understanding, spatial abilities, and overall learning outcomes (Chin et al., 2018; Farooq et al., 

2022; Jain et al., 2017; Papanastasiou et al., 2018). 

Integrating AI and XR technologies is an emerging area of research within education, with 

significant innovation potential, though existing studies remain limited. A review (Reiners et al., 

2021) examined 36 publications, finding various applications of these combined technologies. 

The analysis revealed an existing primary focus on medical education and training (36% of the 

analyzed studies), with additional applications in autonomous vehicles, robotics, gaming, military 

training, and advanced visualization techniques.

Nonetheless, introducing advanced technologies in education comes with several challenges. 

Educators must address relevant issues such as ethics and data privacy (Yanamala & Suryadevara, 

2024), bias in AI systems (Ferrara, 2023), and fairness in such technologies (Shelley, 2021). Because 

of the increasing use of AI, XR, and other advanced technologies that the learning systems will rely 

on, it will be essential to eliminate the barrier to usage by every student, no matter the location or 

economic status, to avoid increasing the digital gap. Besides, the growing use of AI will raise issues 

relating to how student data is handled and accountability on how AI systems make decisions 

(Doshi-Velez et al., 2017).



105

AI in Education

In recent years, educational and academic fields have undergone significant technological 

transformations due to the advent of AI. Rapid advancements in machine learning research have 

also accelerated the emergence of generative AI models (genAI) and the current user-friendly 

language generation models (Casheekar et al., 2024; Dwivedi et al., 2021). AI has transformed 

content generation technologies, promoting innovation in digital content and script creation 

through AI tools like the widely popular OpenAI ChatGPT (Wu et al., 2023). The release of OpenAI's 

GPT-3 and GPT-4 models in late 2022 and mid-2023 marked a novelty in AI capabilities, especially 

when user usage and acceptance are considered (Alto, 2023; Koubaa, 2023). Other popular genAI-

based services have been released for public use in 2023 and 2024, for example, Microsoft Copilot, 

Anthropic Claud, and Meta Llama (Cascella et al., 2024). Skepticism about integrating the use of 

these AI models persists due to concerns about accuracy, bias, and the potential reduction of 

human interaction (Ferrara, 2023; Nazer et al., 2023). The transformer architecture at the core of 

models like GPT enables them to analyze large datasets, interact and acquire new information 

from the data, and generate new content that is both contextually relevant and coherent (Kalyan, 

2023). GPT models can process prompts and generate human-like text, making them relevant 

tools in educational contexts for tasks such as drafting essays, answering student queries, and 

generating personalized feedback. Key to the success of these models in the context of education 

is their proficiency in Natural Language Processing (NLP). This allows these models to engage 

in human-like conversations with the users, potentially helping students understand complex 

subjects through tailored responses. For example, a student struggling with a math problem can 

input a question into ChatGPT, and the model will not only explain the concept but also offer 

step-by-step solutions and further resources.

In addition to these types of Large Language Models (LLMs), other AI models, such as computer 

vision, hold substantial potential for educational applications. Computer vision models, for 

instance, have been utilized to enhance self-study methodologies in STEM education by monitoring 

and analyzing student engagement, thereby facilitating personalized learning experiences 

(Abdrakhmanov et al., 2024). Other technologies generally included in the definition of AI, such 

as Generative Adversarial Networks (GANs), can be used in education, particularly in creating 

multimedia content. GANs consist of two neural networks: a generator that creates content and 

a discriminator that evaluates it, allowing the system to refine its outputs over time (Jovanović 

& Campbell, 2022). In educational contexts, GANs are especially effective in producing realistic 

simulations for fields like medical training, engineering, and physics. For instance, platforms like 

NVIDIA’s GauGAN use GAN technology to generate highly realistic virtual environments, which 

could be applied to medical simulations where students practice surgical procedures in virtual 

reality (Leonard, 2020). 
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Do students already use AI?

Recent research indicates that students already incorporate AI tools into their learning, particularly 

AI-powered chatbots. Data from a Norwegian sample of 104 participants suggest that only 16.3% 

reported never having used ChatGPT, with 38.3% declaring using ChatGPT at least once a week or 

more frequently  (Grassini, Aasen, et al., 2024). Several factors drive this trend, and these have been 

recently studied, such as the Unified Theory of Acceptance and Use of Technology (UTAUT2) 

model (Venkatesh et al., 2003). Research has found that Performance Expectancy, Habit, and 

Hedonic Motivation are the most common drivers of ChatGPT usage (Grassini, Aasen, et al., 2024; 

Strzelecki, 2023).

Performance Expectancy refers to the degree to which students believe using ChatGPT will 

enhance their academic performance. Students perceive that ChatGPT can improve task efficiency 

by accelerating research, enhancing the quality of their writing, and generating study materials. 

The tool assists with diverse tasks such as essay drafting, problem-solving, and providing detailed 

explanations, which meets students' expectations for academic improvement (Strzelecki, 2023). 

According to published literature, this belief in the tool's utility is one of the most significant 

motivators for its adoption (Grassini, Aasen, et al., 2024; Strzelecki, 2023).

Habit plays a relevant role in the continued use of ChatGPT. Once students integrate the tool into 

their study routines, it becomes a habitual part of their academic workflow. The ease of access 

across devices encourages frequent use, reinforcing its habitual adoption (Strzelecki, 2023; Grassini 

et al., 2024). As students become accustomed to the convenience and efficiency that ChatGPT 

offers, they are more likely to rely on it regularly.

Hedonic Motivation, or the enjoyment derived from using ChatGPT, has also been found to drive its 

adoption among students. The novelty and engaging nature of interacting with a conversational AI 

attracts students to experiment with its capabilities. In the early stages of ChatGPT's introduction, 

students found it intriguing and fun to use, encouraging them to explore its features (Strzelecki, 

2023). While the initial excitement may diminish over time, the positive experience can still 

motivate continued use, notably when it enhances the learning experience.

Use of AI in education

Generative AI offers a range of capabilities that can significantly improve educational processes. 

Its applications include fostering more efficient learning experiences, delivering differentiated 

feedback tailored to individual needs, and automating administrative tasks that would otherwise 
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consume valuable educator time (Alqahtani et al., 2023). However, please note that some AI 

applications in education described in the following chapters are still prospective and have yet 

to reach full implementation in real-world settings. While some of these innovations remain 

aspirational or are only in their early stages, they nevertheless suggest a clear trajectory toward 

broader integration of AI technologies into educational landscapes in the near future.

In the context of uniqueness and personalization, AI technologies adapt instructional content to 

individual student preferences and needs. For instance, an AI-driven system might introduce a 

physics concept through various formats or relatable examples, selected according to the learner’s 

interests. If a student is passionate about cars, AI might explain velocity and acceleration through 

the lens of car racing. In contrast, another student interested in space might learn the same concepts 

through examples involving spacecraft. Students generally present a variety of learning styles and 

might prefer watching videos, while others may learn better through interactive simulations or 

reading (Othman & Amiruddin, 2010). AI systems may be able to analyze these preferences and 

adjust the learning experience, making education more accessible and effective for each student. 

Virtual assistants and chatbots, such as those integrated into learning management systems like 

Blackboard or Moodle (Mirzababaei et al., 2023; Saqr et al., 2023), can provide students with 

immediate answers to their questions. For example, a student struggling with a history assignment 

might request clarification on a particular historical event or seek recommendations for additional 

reading through an AI-powered chatbot. If the chatbot’s response proves insufficient, the student 

would then contact the course coordinator. 

AI also can serve a significant role in promoting self-regulation and metacognitive skills3. For 

example, AI-based platforms can provide students with prompts to reflect on their learning, 

asking questions like, "What strategies did you use to solve this problem?" or "How could you 

approach it differently next time?" This framework helps students develop the ability to plan, 

monitor, and evaluate their learning processes, promoting independence. In practice, a student 

using an AI-based math tutor might receive feedback that highlights the correct solution and 

explains why their approach worked or didn’t work, helping them refine their problem-solving 

strategies for future assignments.

Gamified education (Oliveira et al., 2023) is a frequently used AI-driven strategy that increases 

engagement by incorporating game elements into educational activities (Suresh Babu & Dhakshina 

Moorthy, 2024). Commercial learning platforms like Duolingo and Kahoot! use features such 

3  Self-regulation is the ability to manage and control one’s emotions, thoughts, and behaviors to reach goals, while metacognitive skills 
involve the awareness and regulation of one’s own thinking processes, allowing for effective planning, monitoring, and adjustment of learning 
strategies.
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as points, badges, leaderboards, and challenges to increase learning enjoyability and motivate 

students to achieve their goals (Jarrah et al., 2025; Shortt et al., 2023). AI systems in these platforms 

adjust the difficulty level of tasks in real time based on student performance, ensuring that learners 

remain challenged but not overwhelmed. Additionally, intelligent tutoring systems like Carnegie 

Learning or DreamBox can provide instant feedback and suggestions to students, guiding them 

through problem-solving processes (Bahassi et al., 2024; Kelkar, 2022) and potentially fostering 

students to develop a growth mindset4 (Bosch, 2021; George, 2023). These AI-powered platforms 

can facilitate adaptive learning by continuously analyzing student interactions and tailoring 

content accordingly. This adaptability ensures that each student receives instruction that meets 

their unique needs, promoting a more effective and engaging learning experience. 

AI in Collaborative Learning

Building on the described individual-level benefits, AI can enhance learning in more complex, 

collaborative scenarios. Consider a classroom tasked with addressing real-world challenges—such 

as designing an eco-friendly product with potential societal impact. Here, the AI system could 

track students’ progress, provide targeted feedback, and suggest relevant resources while the 

teacher focuses on guiding creative and critical thinking. This integrated approach aligns closely 

with the demands of today’s job market, which values adaptability, problem-solving, and the 

capacity for lifelong learning. AI supports success in an increasingly dynamic and digital world by 

helping students take greater ownership of their education and develop these essential skills.

AI technology can aid collaborative learning by providing platforms that enable communication 

and cooperation among students, regardless of their physical location. For example, AI-driven 

tools like Google Workspace or Microsoft Teams allow students to collaborate on projects through 

shared virtual workspaces (Lake, 2022; Ma et al., 2021). In these workspaces, students can edit 

documents in real-time, participate in live video calls, and use interactive discussion boards for 

group brainstorming. Integrated AI tools can help transcribe the content of the calls into written 

text (Eftekhari, 2024).

A concrete example of using these tools might involve students collaborating on a history project. 

Using an AI-supported platform, they can simultaneously work on a shared document, divide 

sections, and track individual contributions. AI can automatically highlight which parts of the 

project need more attention, such as gaps in content or citations, ensuring the final product is more 

polished. Students could leave comments and suggestions on each other’s work in asynchronous 

settings, even outside regular class hours, facilitating continuous collaboration.

4  For more details on the psychological relevance of growth mindset in educational context see: (Macnamara & Burgoyne, 2023).
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AI systems can also enhance the group formation process through intelligent grouping algorithms. 

For instance, an AI system could form a team for a math project by selecting students with 

complementary skills—one might excel at algebra while another is strong in geometry. The AI 

might also consider factors like learning styles or shared interests when forming groups, such as 

bringing together students who all care about environmental science. Still, each brings a different 

area of expertise. This approach, already used by many human teachers, can be more efficiently 

managed by AI systems.

Finally, AI-powered language translation tools can also help create more inclusive and collaborative 

learning environments, particularly in multilingual classrooms where language differences might 

otherwise limit effective teamwork. For example, imagine a group of students from various 

countries working together on a global studies project. With tools like Google Translate or LLMs, 

they can communicate almost in real-time, regardless of their native languages. A student in Japan 

could ask a question in Japanese, which is instantly translated into English for classmates in the 

U.S., mitigating the limitations posed by language barriers.

AI for Assessment, Automated Grading, and University Administrative duties

Assessment is a fundamental component of the educational process, and AI offers tools to 

enhance both formative and summative evaluations (Vittorini et al., 2021). AI-powered assessment 

systems can analyze student responses in detail, potentially going beyond right or wrong answers 

to understand the underlying thought processes. For example, in mathematics or science, AI can 

track a student's steps to solve a problem, identifying specific misconceptions or procedural errors. 

Such modality of assessment could also aid the grading process by automating the evaluation 

of assignments, quizzes, and exams, especially for these exams in which extensive material from 

past years can be used as training materials for AI and where the objective evaluation of answers 

is essential (Grassini, 2023). Currently, AI-infused systems such as Turnitin Gradescope (Moodley 

& Nhavoto, 2023) are already able to use AI technology to assess student submissions, allowing 

educators to spend less time on administrative work and more time designing experiential learning 

opportunities (Baibhav, 2024).

Administrative processes are the backbone of educational institutions, involving critical tasks such 

as student enrollment, scheduling, and resource allocation (Adekanmbi et al., 2024; Muhabbat 

et al., 2024). Integrating various AI systems into these processes offers transformative potential 

by enhancing efficiency, accuracy, and decision-making capabilities. This section explores the 
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role of AI in administrative optimization, focusing on its applications in student enrollment and 

scheduling, resource allocation and management, and the overall enhancement of institutional 

efficiency. 

AI’s role in resource allocation can significantly enhance the ability of school leaders and teachers 

to use their resources more effectively. Educational institutions often struggle to optimize the 

use of physical spaces like classrooms, labs, equipment, and financial resources. AI systems can 

track the utilization of these assets, providing data-driven insights into when and how resources 

are being used. AI tools can help administrators and leadership teams make informed decisions 

about allocating resources effectively. For instance, AI can identify periods of underuse in facilities, 

suggesting alternative arrangements to maximize efficiency. This might mean redistributing 

classroom space to accommodate larger class sizes or reallocating lab time for different subjects 

based on demand. On the financial side, AI-powered tools can analyze budgetary data and 

highlight areas where institutions can reduce costs or reallocate funds more effectively. 

One of AI's most valuable contributions to administrative efficiency is its ability to provide 

real-time insights into an institution’s performance. AI-powered analytics dashboards can help 

administrators track key performance indicators such as student retention rates, enrollment trends, 

and financial health. For school leaders, having access to this constantly updated information 

allows them to quickly identify areas needing improvement and make data-driven decisions to 

address them.

For teachers, this means the possibility of receiving better support and resources. For example, 

AI can identify students at risk of falling behind or dropping out, allowing teachers to intervene 

early. By tracking student performance data, AI tools can flag students needing extra tutoring, 

counseling, or other support services, which administrators can allocate effectively.

Educational Challenges of AI in Education

While AI can automate administrative tasks, offer personalized learning experiences, and 

enhance operational efficiency, these advantages come with challenges. Some key challenges 

include human interaction limitations, understanding, creativity, data dependency, privacy, and 

operational feasibility. This section examines these issues in-depth and explores ways to mitigate 

them, ensuring AI’s responsible and effective use in education.
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Although several articles (Grassini, 2023; Wang et al., 2023), as well as empirical research (Almasri, 

2024), have emphasized the positive aspects of AI use in education, such as increased efficiency 

and academic performance, several concerns have emerged regarding the negative impact of AI 

tools like ChatGPT on students’ learning experiences. One of the primary concerns is that over-

reliance on AI may diminish students’ critical thinking and problem-solving abilities. By relying on 

AI to generate ideas and complete tasks, students may bypass the engagement steps necessary 

for understanding complex material, leading to more superficial learning outcomes. For instance, 

studies have shown that students who regularly use AI for academic tasks may experience a decline 

in memory retention and critical thinking skills as they become more dependent on the tool (Bai 

et al., 2023). However, studies that support positive outcomes have shown that these benefits 

may be context-dependent (Wu & Yu, 2024). Improvements linked to AI chatbots tend to be 

stronger in higher education and over brief periods, suggesting limited applicability for younger 

learners or long-term learning. Additionally, gains may stem from novelty rather than genuine skill 

development, and the narrow research base leaves many questions unanswered. Future studies 

should consider factors like learners’ age, subjects, and socio-emotional needs to ensure that AI-

driven tools truly enhance understanding, critical thinking, and lasting engagement.

Additionally, issues surrounding academic integrity have also been raised. AI tools like ChatGPT 

make it easier for students to generate content that could be used dishonestly, potentially leading 

to plagiarism. As AI-generated text becomes more sophisticated, it becomes harder for plagiarism 

detection systems to distinguish between original student work and AI-assisted outputs. 

Furthermore, concerns about AI-generated content violating intellectual property rights have also 

been highlighted, contributing to the ethical challenges in integrating AI tools in the academic 

context (Chesterman, 2024).

AI systems are heavily reliant on the data they are trained with. This poses a significant challenge, 

as the quality of AI’s output is directly tied to the quantity, quality, and diversity of the data it 

receives. AI systems trained using biased data can perpetuate stereotypes, misinformation, 

and incomplete learning experiences (Tlili et al., 2023; Dwivedi et al., 2023). Moreover, AI’s 

continuous need for new and updated data to remain relevant is a significant challenge for 

institutions. At the current pace of development, AI systems rapidly become outdated unless 

continuously retrained and supplied with updated data. Institutions, especially those with limited 

resources, may struggle to keep AI systems updated with the latest knowledge and learning 

trends (Ouyang et al., 2022). Additionally, overreliance on AI might discourage students from 

developing self-reliance and critical thinking skills, as they may increasingly turn to AI for easy 
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solutions rather than exploring creative, independent problem-solving (Stevenson et al., 2022). 

Regarding evaluation and grading, AI may be unable to grade assignments that leverage recent 

scientific literature as those commonly used at the Master’s degree university level or those based 

on new topics where training materials for AI online are lacking. Also, some assignments (e.g., thesis 

and other long and complex assignments) should be evaluated, considering several factors that 

are difficult to identify quantitatively. Therefore, AI may not provide accurate grading suggestions 

for these student activities.

Furthermore, AI lacks human contact, often central to a meaningful learning experience. AI can 

efficiently automate tasks and provide instant feedback; however, at least in the current state of 

the technology, it cannot replicate the complex interpersonal interactions that characterize the 

context of education. Human educators often have the role of empathy, emotional intelligence, 

and the ability to understand and respond to students’ emotional and psychological needs—

elements AI cannot replicate. Personalized mentorship and direct human feedback enhance 

student engagement and academic performance. Previous research has shown that students 

who receive human interaction during their learning process outperform those relying solely 

on AI-based platforms. In a classroom setting, this limitation becomes even more pronounced. 

Suppose a student asks an AI system, “Why is Shakespeare’s ‘Macbeth’ still relevant today?” The 

AI might offer a list of reasons based on historical or literary analysis but misses the potentially 

context-specific elements the student struggles with, such as connecting the themes of ambition 

or morality to contemporary societal issues. Such an interaction with an AI agent could lead to 

frustration for students and teachers, as the AI’s responses might be correct but inadequate for 

the conceptual understanding required in such discussions.

Computer systems have historically often fallen short in displaying creative behavior (See recent 

lines of evidence, e.g., Grassini & Koivisto, 2024; Koivisto & Grassini, 2023). While they excel at 

repetitive and structured tasks and data-driven analysis, they may lack the ability to generate 

novel ideas or creative solutions integral to disciplines like the arts, humanities, and even scientific 

inquiry (Pappas & Giannakos, 2021). AI’s reliance on pattern recognition means it tends to recycle 

existing ideas rather than produce original content, limiting its usefulness in areas requiring 

innovative thinking (Lund et al., 2023). For example, in an art class, students might be tasked with 

creating an original painting that expresses a personal emotion or interprets a social issue. An AI 

tool might suggest color combinations based on existing patterns or recommend styles seen in 

famous artworks. Still, it would struggle to help a student develop a new artistic concept or guide 

them through a personal creative process. In a science classroom, an AI system might be able to 
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suggest solutions based on past data for a problem like reducing energy consumption in a building. 

However, if students are asked to think creatively about a novel, sustainable architecture design for 

the future, AI may be unlikely to propose breakthrough solutions that surpass existing knowledge. 

These limitations can become challenging in educational settings emphasizing creative problem-

solving and intellectual independence.

Operational, Ethical, and Regulatory Challenges of AI in Education

Introducing AI systems into educational settings requires considerable financial and technical investment. 

From acquiring advanced computational infrastructures such as servers, storage, and security systems—to 

hiring specialists in machine learning and natural language processing (NLP), the upfront and maintenance 

costs can be prohibitive for many institutions. Smaller institutions may struggle to afford these expenses, 

limiting the widespread adoption of AI.

The cost of maintaining AI systems further compounds this issue. To remain functional and relevant, AI 

models require continuous updates, retraining, and debugging. The financial burden of these ongoing 

expenses and the need for specialized technical staff can make it difficult for institutions to sustain long-

term AI use.

Integrating AI into education presents many ethical, regulatory, and environmental challenges that must 

be addressed to ensure equitable, secure, and sustainable learning environments. One of the most pressing 

issues is data privacy. AI systems process vast amounts of sensitive student information, including personal 

details, academic records, and behavioral analytics. Data breaches, hacking, and unauthorized access risks 

are significant, especially if institutions lack robust security measures (Kasneci et al., 2023). Protecting this 

data is paramount to maintain trust and comply with legal obligations. Educational institutions must 

implement stringent data protection strategies like encryption, multi-factor authentication, and regular 

security audits to safeguard student data from potential cyberattacks. Compliance with privacy regulations 

such as the General Data Protection Regulation (GDPR) adds complexity to AI implementation, requiring 

careful management and protection of collected data (Gupta et al., 2023).

Another critical ethical concern is the presence of bias in AI training data, which can unintentionally 

reflect or reinforce existing societal prejudices. When AI systems are trained on datasets that lack diversity 

or are not fully representative of the student population, the resulting interactions may produce irrelevant 

or biased responses. These factors may adversely affect students from various cultural, socio-economic, 

or linguistic backgrounds, impacting their learning experiences and outcomes (Bender et al., 2021). For 

example, AI tools developed primarily using data from specific groups may misinterpret inputs from 
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students of different backgrounds or fail to address their unique needs. Such misalignment can further 

marginalize these students, perpetuating stereotypes and lowering their expectations. To mitigate these 

risks, educational institutions must ensure training data is diverse and representative, conduct regular 

audits, and continuously refine AI models to identify and address embedded biases (Chin et al., 2023). 

Proactive measures like data re-sampling, employing bias detection algorithms, and incorporating 

stakeholder feedback can help foster equitable learning opportunities.

The integration of AI also poses challenges in accurately assessing student understanding and maintaining 

academic integrity. Advanced AI systems that generate human-like responses make it increasingly 

difficult for educators to distinguish between a student's original work and AI-assisted output. Traditional 

plagiarism detection tools may fail to identify AI-generated content, complicating the assessment of 

students' contributions and undermining the ability to ensure academic honesty and measure genuine 

comprehension. Reliance on AI assistance can obscure areas where students lack understanding, making 

it challenging for educators to identify learning deficiencies and provide targeted support. Traditional 

assessments may no longer reliably reflect a student's knowledge if AI tools are used extensively. 

Consequently, there is a growing need to develop new assessment methods that effectively evaluate 

student understanding without AI interference. Approaches such as oral examinations, in-class problem-

solving activities, and project-based assessments requiring direct demonstration of skills offer more 

accurate insights into student learning. Professional development programs must equip educators with 

strategies to adapt evaluation methods and uphold academic integrity in an AI-enhanced educational 

landscape.

The environmental impact of AI technologies, particularly their high energy consumption, is another 

growing concern (Grassini, 2024a). Training and operating AI systems require significant computational 

power, contributing to increased energy usage and a larger carbon footprint (Patterson et al., 2021). 

Educational institutions adopting large-scale AI technologies must consider strategies to make their AI 

infrastructure more energy efficient. Implementing renewable energy sources and optimizing AI systems 

can help reduce environmental impact. Techniques such as energy-efficient algorithms, hardware 

optimization, and cloud-based solutions utilizing green energy are critical steps toward sustainable AI 

usage in education. Addressing AI’s environmental footprint aligns with global sustainability goals and 

promotes responsible educational resource use.

Furthermore, the rapid evolution of AI technologies can bring a rapidly changing regulatory environment. 

To remain compliant, educational institutions must stay abreast of new laws and regulations concerning 

data protection and AI usage. Legislation like the GDPR imposes strict guidelines on how AI tools can 
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collect, store, and utilize personal data. Compliance necessitates ongoing investment in technological 

infrastructure, staff training, and regular policy updates. Institutions also face the complex task of 

developing ethical and practical guidelines for AI use within classrooms and administrative processes. 

This involves defining acceptable uses of AI, setting clear boundaries for AI-assisted assignments, and 

establishing safeguards to protect students' rights and privacy. 

Way forward for AI in education

AI technologies can personalize learning, provide instant feedback, and reduce administrative burdens, 

making education more efficient and accessible. However, challenges arise concerning data privacy, 

algorithmic bias, overdependence on technology, and the misconception that AI can replace educators. 

Successful integration demands balancing AI’s capabilities with human expertise, ensuring high data 

security standards, fairness, and inclusion.

While AI can offer targeted practice, real-time insights, and personalized learning paths, it cannot 

replicate human qualities such as empathy and encouragement. Overreliance may hinder students’ 

critical thinking and problem-solving abilities. Educators, developers, and policymakers must address 

these challenges to ensure that AI enhances, rather than diminishes, the core values of education—

fostering creativity, critical thinking, and intellectual independence. With thoughtful implementation, 

AI can complement teachers’ strengths, leading to an innovative and equitable educational ecosystem. 

XR in education

The terminologies in the scientific (and not scientific) literature related to VR, AR, XR, and more in 

general to the metaverse reveal a lack of consistency in how similar technologies and applications 

are described (Laato et al., 2024). This inconsistency can create confusion for researchers 

and practitioners. In this chapter, the nomenclature proposed in the xReality (XR) framework 

(Rauschnabel et al., 2022) is adopted, which broadly defines XR as encompassing both VR and 

AR (and what is sometimes referred as Mixed Reality, MR), as well as related terms like immersive 

visual technologies (IVTs) (Grassini & Laumann, 2021), digital reality (DR) (Haleem et al., 2022), and 

virtual environments (Ellis, 1994). In this chapter, XR is used as an umbrella term for technologies 

that use head-mounted displays (HMDs), encompassing both VR and AR applications.

With VR, it is possible to feel immersed in a computer-generated world by replacing the real 

environment with digital environments, interacting with 3D items, and undertaking activities 

through them. It is often used in areas that need practical training. The subjective feeling evoked 
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by such immersive environments has frequently been referred to as “sense of presence” (Coelho et 

al., 2006; Grassini & Laumann, 2020; Servotte et al., 2020) and has often been studied and measured 

in the context of psychological research (Grassini & Laumann, 2020). The sense of presence refers 

to the feeling of “being there” in a virtual environment, where users feel fully immersed and 

engaged as if the virtual world is real. This subjective experience is crucial in Virtual Reality (VR) 

because it enhances the user’s ability to interact with and respond to the environment, making 

the experience more impactful. In VR training sessions, a strong sense of presence can improve 

focus, engagement, and the ability to perform tasks effectively. Research by Grassini et al. (2020) 

has shown that this perceived sense of presence is linked to learning, with higher levels of sense of 

presence leading to better outcomes in VR-based training exercises. Over the years, VR has been 

extensively used in educational training (Checa & Bustillo, 2020; Radianti et al., 2020). For example, 

in one medical VR application, students perform simulated VR operations in a safe setting with 

no real-world risks (Alnagrat et al., 2022). VR has also been used in learning areas such as science, 

engineering, and the arts, wherein students can play with intricate machines, travel to outer space, 

or even recreate things in cyberspace, making it a more engaging experience (Tomlinson et al., 

2019).

In the context of XR and education, another commonly referenced technology is AR, which allows 

to overlay virtual elements onto the physical world to create an enriched, multidimensional 

learning environment. This technology can help users to be present both physically and virtually 

at the same time, which makes it easier for them to visualize complex concepts. For instance, AR 

can be used in STEM areas such as chemistry, and students can see models of molecules from their 

surroundings. In studying architecture, students can be shown how to use actual 3D models of 

buildings fabricated to be moved about (Wu, 2013). The interaction of the real and digital worlds 

is a strong reason AR is helpful across all facets of education.

In the following sections, this chapter will trace XR’s evolution: its early adoption in higher education 

and technical training, its gradual incorporation into K-12 classrooms, and its accelerated growth 

during the COVID-19 pandemic. The discussion will also highlight XR’s role in hybrid and blended 

learning, its applications in informal and non-formal educational contexts, its contributions 

to environmental and sustainability education, and its importance for ongoing professional 

development.
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Adoption of XR: Higher Education Institutions and Training

In the evolution of XR in education, the focus was predominantly placed on universities and 

colleges or specialized vocational training schemes. Apart from the military, other industries like 

medicine, engineering, and the sciences were the first to utilize XR beyond theoretical education 

by providing learners with opportunities to interact with scenarios impossible through traditional 

education. Integrating VR-based technologies into university syllabi began gaining traction in the 

mid-2010s, particularly in fields like medicine, engineering, and architecture. By around 2016, with 

the release of early cost-effective and consumer-grade head HMDs, universities in technologically 

advanced regions started incorporating VR to simulate complex procedures, such as surgery, 

repetitive tasks, and 3D modeling, offering students a hands-on learning experience without real-

world risks. By 2021 (Alnagrat et al., 2021), the use of VR had become more widespread, with many 

universities worldwide using VR-based simulations to enhance student learning and practical 

skills. This trend is expected to grow as VR technology becomes more accessible and sophisticated. 

In the early days, the application of XR was constrained primarily due to the inability to afford the 

hardware required, the learning curve that had to be observed for both students and educators 

and the practical aspects of developing high-quality content.

In virtual classrooms where XR is used, students can collaboratively construct 3D models, perform 

virtual science experiments, or simulate historical events. The shared virtual space allows students 

to interact with each other, developing essential interpersonal skills like teamwork, communication, 

and conflict resolution. For example, in a group project, students could use VR to work together on 

designing a model of a sustainable city, requiring them to discuss ideas, resolve disagreements, and 

make collaborative decisions. Similarly, in a virtual biology lab, students might need to cooperate 

in dissecting a 3D model of a frog or other specimen, practicing their ability to work together on 

complex tasks while enhancing their understanding of anatomy.

XR technologies also offer specific benefits in subjects like science and mathematics, where AR’s 

ability to overlay additional information in the real world can transform the learning experience. 

For example, in biology, AR allows students to visualize complex cellular processes in 3D. A 

specific example could be the use of AR to explore the structure and functions of a human cell, 

where students can manipulate and view detailed, animated representations of organelles such 

as mitochondria and nucleus. This immersive interaction gives students a deeper understanding 

of how cellular components work together, a level of engagement not achievable through static 

textbook images (Weng et al., 2019).
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Similarly, in history lessons, AR can be used to display virtual cultural artifacts or archaeological 

objects in the classroom, allowing students to examine them up close as if they were in a museum 

(Jiménez Fernández-Palacios et al., 2015). In mathematics and geometry, students can use AR 

to visualize real-world geometric concepts, like constructing and manipulating 3D shapes to 

understand better spatial relationships, symmetry, and angles (Gargrish et al., 2021; Sommerauer 

& Müller, 2014). This hands-on, visual approach makes abstract mathematical concepts more 

concrete and accessible. 

In this context, XR tools are particularly useful in settings where experiential learning is central to the 

educational experience, even outside formal educational contextes. For example, implementing 

interactive virtual objects in museum settings may enable visitors to manipulate digital 

reconstructions of sculptures and art objects (Banfi & Mandelli, 2021). This learning form provides 

visual and tactile interactions, making museum visits more dynamic and encouraging visitors’ 

engagement. The nature of XR-based learning in these contexts offers significant advantages. 

Learners are not restricted by the structured environment of formal education, allowing for self-

directed exploration. Furthermore, in educational tourism, XR can recreate historical or natural 

sites to immerse visitors in richer experiences than traditional tours—especially when physical 

visits are limited by economic or ecological constraints (Grassini & Ratcliffe, 2024).

Accelerating the Utilization of XR

The COVID-19 pandemic was a determining factor in accelerating the adoption of new 

technologies in several societal settings, including education (Mouratidis & Papagiannakis, 2021). 

With educational institutions across the globe having to shut down and shift to remote classes, 

educators were compelled to look for other alternatives to motivate students and ensure the 

delivery of high-quality instruction. In response to the urgent need for new educational models, 

XR labs adapted quickly, developing new procedures to continue research and teaching remotely, 

ensuring that learning could still be hands-on and immersive despite the pandemic’s restrictions 

(Garcia Estrada & Prasolova-Førland, 2021). The pandemic exposed the limitations of traditional 

online learning and catalyzed the broader adoption of XR technologies in education, proving their 

value in enhancing the learning experience (Ahmed Alnagrat et al., 2022).

XR as a Tool for Hybrid and Blended Learning

Blended learning generally refers to integrating technology into traditional classroom settings to 

enhance instruction. In this case, AR can combine physical classroom interactions with digital 

content. For example, during a history lesson, students might use AR headsets to see digital 
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overlays of historical artifacts while still interacting with their teacher and classmates in the 

physical space. Blended learning is an essential model combining online learning tools with in-

classroom experiences (Flanagan, 2015; O’Byrne & Pytash, 2015). This type of learning enables 

students to access flexible information technologies while benefiting from the guidance of face-

to-face instruction. Including XR tools within this model further supports student autonomy, 

as learners can explore and interact with complex subjects through immersive experiences. XR 

enhances traditional hybrid models by allowing students to engage with 3D simulations and virtual 

environments that might otherwise be unavailable in a conventional classroom setting  (O’Byrne & 

Pytash, 2015). Digital technologies such as intelligent tutoring systems, short instructional videos 

(often called "video capsules"), and interactive simulations enhance learning in blended models. 

These tools provide personalized learning paths for students while allowing instructors to monitor 

and adjust the learning process in real time (Castro, 2019). For example, in a blended biology class, 

students might receive an in-person lecture about the structure of the human heart. Outside of 

class, they use an intelligent tutoring system to complete exercises tailored to their understanding 

of the topic and watch a short video that reviews key concepts. To enhance their understanding, 

students also use an XR tool to explore a 3D model of the heart in a virtual environment. This 

immersive experience can let them, for example, rotate the model, zoom in on various chambers, 

and simulate blood flow, giving them a deeper and more interactive understanding of the material. 

The teacher can track their progress through the intelligent tutoring system and adjust in-class 

activities, ensuring that each student gets the support they need based on their performance.

Improving Student Engagement and Motivation with Personalized and Adaptive 
Learning

XR technologies provide immersive and interactive environments that improve student 

engagement in cognitive, emotional, social, and behavioral areas. For instance, research on high 

school students using XR in biology education reported significant improvements in learning 

perception, motivation, and social interaction, with students demonstrating better classroom 

behavior and engagement (Hmoud et al., 2023).

Moreover, the application of XR in higher education science and engineering courses has been 

shown to boost students’ perceptions of relevance, motivation, and self-efficacy, leading to 

higher engagement levels (Vázquez-Villegas et al., 2023). Further studies emphasize the role of XR 

in learning environments that include game mechanics, such as rewards and challenges. These 

elements can significantly increase both intrinsic and extrinsic motivation. Gamification strategies 

combined with XR have enhanced student engagement, improved learning outcomes, and fostered 
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a more interactive learning environment (Lampropoulos & Kinshuk, 2024). Similarly, XR-based 

simulations in physics education significantly positively affect student motivation, mainly when 

using AR tools, which offer a more engaging and interactive learning experience than traditional 

methods (Zatarain-Cabada et al., 2023).

The scientific literature has provided evidence of the potential of personalized VR environments to 

improve learning efficiency. For instance, students exposed to personalized 3D VR environments 

in various subjects demonstrated a 20% improvement in performance compared to traditional 

methods (Horváth, 2021). This improvement stems from the fact that XR tools can dynamically 

adapt content based on a student's progress, interests, and challenges. In a language learning 

scenario, for example, a VR environment might adapt to the difficulty of conversations based on 

the learner's vocabulary and comprehension level, ensuring that students are neither overwhelmed 

nor under-challenged.

Moreover, XR-based training simulators are particularly effective in vocational and technical 

education. For example, in medical training, XR tools like VR surgery simulators can tailor 

scenarios dynamically to fit a student's current skill level. A beginner might practice basic suturing 

techniques on a virtual patient. At the same time, a more advanced student would be given more 

complex surgeries to perform, helping to ensure that each learner is appropriately challenged and 

can progress at their own pace (Gironacci, 2022). Furthermore, with the integration of AI into 

these XR environments, the adaptability could be further enhanced. AI algorithms can analyze 

a student's real-time performance, identifying areas of strength and weakness and adjusting the 

complexity or focus of the simulation accordingly. For instance, if a student struggles with hand-

eye coordination in suturing, AI can provide targeted exercises within the XR environment to 

build this skill before progressing to more advanced tasks. This combination ensures a highly 

personalized learning trajectory, where both tools complement each other to create an engaging 

and supportive educational experience.

Additionally, adaptive 3D virtual learning environments effectively accommodate to different 

learning styles. For example, visual learners might benefit from more graphical representations in 

an XR-based chemistry lab, where they can manipulate virtual molecules and see how chemical 

reactions occur. On the other hand, kinesthetic learners might thrive in an interactive VR physics 

simulation, where they can “experiment” by adjusting variables like speed or force in a hands-on, 

virtual space (Ewais & De Troyer, 2013).
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Supporting Educational Equity and using XR technology

XR is a type of technology that can play a role in bridging the gap in access to quality education, 

particularly for marginalized communities. By producing high-quality, standard-aligned learning 

environments accessible online, XR helps level the playing field for students in underfunded or 

remote areas. For example, students in less urbanized areas can conduct experiments in virtual 

laboratories (Thanyadit et al., 2022) or practice healthcare training (Ricci et al., 2022), all without 

the cost associated with real-world resources (Alnagrat et al., 2021).

XR technologies can potentially reshape collaboration by breaking down geographic and 

disciplinary barriers. Using XR, people in different locations can interact as if they were in the 

same room, working together on complex tasks in real-time. For example, an architectural team 

across continents can gather in a virtual space to co-develop and refine a 3D model, creating an 

interactive experience that closely resembles hands-on teamwork—regardless of where everyone 

is physically located (Vasilchenko et al., 2020). These platforms also improve communication 

and collaboration across disciplines, as students and professionals from various fields can engage 

in synchronous learning and problem-solving activities (Wu et al., 2019). XR further enhances 

collaboration by integrating virtual and physical objects, enabling users to manipulate and 

interact with shared virtual representations of real-world items in different locations. This feature 

is particularly beneficial in fields like engineering and healthcare, where collaboration on complex, 

tangible tasks is often required (Lee & Yoo, 2021).

XR to support education on societal problems

A further important area of XR technology development focuses on leveraging immersive 

environments to educate about pressing societal challenges, either in formal or informal 

educational settings. For instance, XR can be used to enhance environmental and sustainability 

education. XR offers a hands-on and innovative way to learn about ecosystems, environmental 

issues, and sustainability than traditional classroom methods. For instance, marine biology 

students can use VR headsets to "dive" into coral reefs, observe fish, and witness the effects of 

practices like overfishing (Eames & Aguayo, 2020). Furthermore, using XR has been found to 

enhance understanding of complex marine conservation science, facilitating ecological literacy 

(Aguayo & Eames, 2023).

Moreover, XR can encourage learners to tackle problems with interlinked and many variables, 

such as climate change or deforestation, and explore how changes or different projects and 

policies can affect the scenario in question in real-time. Extended reality makes it possible for 
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learners to perceive and explore these abstract scientific ideas more realistically and meaningfully. 

The immersive nature of XR helps learners visualize and understand climate change's social and 

psychological impacts, making complex environmental issues more accessible and engaging, thus 

increasing the emotional connection to environmental problems (AlQallaf et al., 2022; Cosio et al., 

2023). XR has also been used to educate about other critical environmental topics like biodiversity 

loss, offering the potential to inform and engage learners with real-world environmental challenges 

(Cosio et al., 2023). 

Barriers and Drawbacks of XR in Education

The adoption of XR technologies in education is still limited primarily due to the high cost 

associated with the necessary hardware, software, and infrastructure. The headset commonly 

used by XR devices remain relatively expensive, creating a significant barrier for schools, especially 

those in underfunded or developing areas. Many educational institutions, particularly those in less 

developed regions, struggle to allocate their limited resources to such technologies (Alnagrat et 

al., 2022). In addition to hardware costs, software licenses, content creation tailored for XR, and 

the maintenance of these systems are also expensive. These costs challenge budget-constrained 

institutions seeking to integrate XR into their educational frameworks (Cook et al., 2019; Meccawy, 

2022). Furthermore, infrastructure issues such as limited broadband access and lack of high-speed 

computers exacerbate the problem, particularly in rural and remote areas, where technological 

deficits further widen the digital divide between affluent and underprivileged educational 

institutions.

To mitigate the high costs and accessibility challenges of XR in education, one promising strategy 

is the development of open-source XR platforms and tools (Abeywardena, 2023). Open-source 

solutions can also facilitate customization to fit the specific needs of schools and students (Ji et al., 

2023). Another promising solution is the implementation of “bring your device” (BYOD) strategies, 

allowing students to use their smartphones and tablets for XR applications. By leveraging mobile 

devices, open-source XR solutions reduce the need for costly hardware like VR headsets, making 

them more accessible in rural or underserved regions. Already, mobile-integrated XR initiatives 

have shown promise in improving learning outcomes within resource-constrained environments. 

(Choi et al., 2023; Meccawy, 2022; Zucchi et al., 2020) . However, such an approach comes with its 

challenges regarding inclusivity, as some students may not possess these technologies (Cho et al., 

2022). 
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For XR technologies to be effectively implemented in the classrooms, all educators need to master 

their use, both in skill and in approach. Nevertheless, many teachers do not possess the skills to 

embrace XR in their lessons and do not receive enough training.

Another limitation concerns the health and safety implications of XR technologies in education. 

Prolonged use of VR headsets can result in discomforts such as eye fatigue, headache, and motion 

sickness. This phenomenon, called cybersickness, can significantly hinder attempts to increase 

and extend XR time in classroom activities (Grassini & Laumann, 2020). This technology can 

over-stimulate users' cognitive processes (Buchner et al., 2022; Grassini, 2024b), especially young 

learners and those with special needs, due to excessive sensory input. Virtual reality environments 

also raise concerns about social isolation (Grassini, 2024b; Grassini, Amdal, et al., 2024), as they 

can distance learners from the real world. Teachers must address these challenges, balancing XR's 

immersive qualities with real-life social interaction.

Moreover, there are ethical concerns related to using XR technologies for student evaluation. While 

AI-based XR systems hold significant potential for assessing students' progress and performance 

through immersive simulations and real-time data analysis, there is a risk that decision-makers 

may over-rely on these systems. For instance, they might use XR tools excessively to track and 

guide students’ learning processes, allowing algorithms to determine which subjects or skills a 

student should focus on based purely on performance metrics. Also, the users may perceive risks 

connected to being controlled and lacking privacy (Abraham et al., 2022; Bérastégui, 2024), which 

may cause stress and other adverse psychological conditions (Grassini, 2024b; Grassini, Amdal, et 

al., 2024). 

Future Opportunities for XR in Education

As XR systems advance technologically through integration with artificial intelligence and 

enhanced connectivity (e.g., 5G), they will offer new avenues for educational transformation. 

These technologies can deliver immersive, adaptive learning experiences, tailoring challenges and 

content in real time based on individual student performance. Personalization may help advance 

engagement, more effective concept mastery, and improved long-term retention. In addition, XR 

can support more sustainable and ethically sound approaches to learning by replacing resource-

intensive activities, such as animal dissections or ecological field studies, with virtual simulations. 

Introducing gamified elements and serious games further amplifies learner motivation, critical 

thinking, and problem-solving skills.
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Realizing XR’s potential, however, requires sensible empirical evaluation and responsible 

implementation. Ensuring data privacy, equitable access, and robust professional development 

for educators is pivotal in this context. With thoughtful design and evidence-based refinement, 

XR can catalyze more inclusive, practical, and effective education.

The New Era of Learning

In conclusion, the present time is a transformative period for education, characterized by 

integrating advanced technologies, evolving pedagogical approaches, and a commitment to 

inclusivity and personalization. This chapter examined the key drivers of change in educational 

systems, including digital innovation, the democratization of knowledge, and the shift in the 

learner’s role from passive recipient of information to active participant.

At the forefront of this shift is the increasing role of AI and immersive tools, which have introduced 

unprecedented opportunities for personalized learning experiences tailored to individual needs. 

AI-powered platforms can adapt content delivery based on learners’ progress and comprehension, 

enhancing engagement and educational outcomes. According to the World Economic Forum 

(Milberg, 2024), AI also helps cultivate skills like critical thinking, problem-solving, and creativity—

capabilities essential for the future workforce.

Moreover, the accessibility of online platforms and open educational resources (OER) has broadened 

the reach of quality education, breaking down traditional geographical, socio-economic status, 

and time barriers. Learners worldwide now have access to resources from leading institutions, 

creating a global knowledge network that promotes lifelong learning. This shift reflects a growing 

societal movement that sees education as a continuous and adaptive process not limited to 

traditional schooling  (UNESCO, 2023).

However, this new landscape brings several distinct challenges. Despite advancements, the digital 

divide is a significant issue, exacerbating inequalities. As recent UNESCO reports (UNESCO, 

2023) highlighted, nearly one-third of school-age children lacked access to distance learning 

opportunities during the COVID-19 pandemic, emphasizing the critical need for equitable digital 

infrastructure. Additionally, as AI and digital tools become more prevalent, concerns about data 

privacy, algorithmic bias, and the potential erosion of interpersonal learning experiences grow 

(Gustafsson-Wright et al., 2022)
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The role of educators is evolving as they integrate these tools into their pedagogy, necessitating 

continuous professional development to adapt to new teaching models. Schools and institutions 

should recognize the need to reframe curricula to emphasize cognitive skills, social-emotional 

learning, adaptability, and critical thinking to prepare students for a rapidly evolving world 

(Gustafsson-Wright et al., 2022).

In conclusion, educational technologies offer transformative potential for creating more inclusive, 

personalized, and adaptive learning environments. By systematically addressing technical, ethical, 

and equity challenges, educators can introduce tools that enhance rather than replace human 

instruction. The ultimate goals should be to preserve the human essence of education while using 

technology to deepen, broaden, and extend access to learning. With thoughtful collaboration, 

we can foster an educational ecosystem that integrates advanced technologies while remaining 

authentically empowering and equitable for all learners.
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Paradigm Shift for the Benefit of All

Sheila Parveen Lallmamode, PhD.

Abstract

Traditional tiered grading systems are no longer seen as the ultimate reliable and valid way to 

evaluate students. Generic evaluation criteria overly focus on academic knowledge and fail to 

account for individual differences and soft skills. There is a great need to personalize feedback to 

students and give them guidance on their strengths and areas for improvements using student data. 

Addressing these challenges, the future of grading and evaluation systems should focus on two 

main goals: (1) utilizing AI to analyze student work and performance to compile a comprehensive 

student profile and collect data on academic performance, soft skills, interests, learning styles, 

and cognitive abilities to forecast student performance and create tailored learning experiences 

based on their needs and to provide real-time and individualized feedback; (2) using a multitude 

of assessment methods to measure students more reliably with a transparent evaluation process 

that communicates respect and transparency towards students and their parents, and helps them 

reflect on their learning and set goals.
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Introduction

As our education systems become more modern to keep up with our ever-changing world, 

the way we assess education must also change. The current educational assessment landscape 

worldwide, spanning primary, secondary, and tertiary levels, faces considerable challenges. Despite 

widespread calls for reform driven by factors such as pervasive teacher dissatisfaction, increased 

public discontent, quick technological advancements, and a growing awareness of the significant 

gap between existing assessment knowledge and its practical application (Bulut et al., 2024; Au, 

2011, 2022), fundamental and significant changes within the assessment system remain strikingly 

limited. The persistent reliance on outdated assessment practices, deeply rooted in subjective 

personal experiences, philosophical viewpoints, rigid state policies, and often impractical 

guidelines emanating from teacher education programs (Kamalov & Gurrib, 2023; Bulut et al., 

2024; González-Calatayud et al., 2021), significantly impedes meaningful progress.

Covid-19 compelled education systems to make changes to assessment practices faster than 

expected and emphasized the need to address the problems with the current assessment system 

more seriously. This paper explores innovative and forward-thinking ways to grade and evaluate 

students soon. First, we will look at an overview of the history of assessment and its limitations. 

Then, we will look at ways we ought to use artificial intelligence (AI) with human-in-the-loop to 

create a value-based evaluation system that is fairer and personalized to the needs of students. The 

aim is to break away from the limitations of systemic current practices and to inspire a significant 

change in how we assess student learning, making it more effective and just for all stakeholders 

involved.

Assessment History: Curriculum and Technological Changes

The evolution of education and assessment has shifted with time and technological improvement. 

Sitta et al. (2023) explain how assessment may have started when developing writing systems 

and formal education led to more organized assessment processes. The emergence of cuneiform 

writing in Mesopotamia around 3500 BC coincided with the systematic education of scribes, 

suggesting a structured assessment of their writing abilities.

Then, the Chinese imperial examination system, dating back 3,000 years, is often recognized as 

a pivotal development in standardized assessment history. It should be noted, however, that 

assessment, in its essence, is the judgment of an individual's knowledge and skill level. Even 

the earliest forms of knowledge and skill transfer, such as those seen in agriculture, trade, and 
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organized labor, involve some assessment. These practices were essential to human development 

and laid the groundwork for more formalized evaluation systems. After much later, there are 

also institutions like Sankore University in Timbuktu (established in 988 AD) and Al Qarawiyn 

mosque in Morocco (founded a century earlier) that likely had sophisticated assessment systems 

in place, as evidenced by the awarding of degrees associated with different levels of study. 

More recently, numerous notable assessment movements may be dated as early as the 20th 

century when education was perceived through the contours of a factory management model 

(Au, 2011). The purpose of the 'factory-model' strategy, as can be understood by its name, was 

to control the curricula and teaching methods to achieve uniformity in students' test scores. The 

emergence of standardized testing and its widespread use was made possible due to this paradigm, 

which is inherently oriented towards quantitative measures. The development of universities is 

also of central importance to the history of modern examinations. Their establishment marked 

a change from oral to written examinations, which eventually extended beyond institutional 

settings to become public examinations used in national school systems by the late 19th century. 

The practice of employing standardized assessments such as the SAT or ACT began in America in 

the 1950s as a method of evaluating students' comprehension or providing a comparative analysis 

for each student in several institutions (Pellegrino & Quellmalz, 2010). Standardized assessments 

like the Metropolitan Achievement Tests (MAT8) and the Stanford Achievement Test (SAT) paved 

the way for monitoring the academic progress of high-school students, even before the current 

era of high-stakes testing and accountability. Thereafter, there was an expansion worldwide due 

to colonization (Shahjahan, 2011; Enslin, 2017). The fact that many countries adopted these 

examinations reflects the domination of the idea of standardization within education over the 

years.

The latter half of the twentieth century and the first two decades of the twenty-first century 

introduced computer technology, the internet, and Artificial Intelligence (AI) to society, 

revolutionizing teaching and learning. The emergence of new technologies in education has 

brought about numerous transformations in evaluation, including computer-based evaluation, 

computer adaptive testing, and the use of AI in evaluation. All of the above advancements have 

brought about possibilities, but also shortcomings.
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The Current State of Assessment: Limitations and Challenges

The factory model of education was designed by Frederick Winslow Taylor, along with John 

Franklin Bobbitt (Kleibard, 1995). It was based on Taylor's analysis of industrial factories 

whereby schools were organized for maximum efficiency and productivity, as seen in Figure 4.

Figure 4: A pictorial illustration of the problems of the Education System1

The limitations of the factory-model approach to education and the persistent overemphasis 

on numerical grades have resulted in widespread dissatisfaction among various stakeholders. 

First of all, teachers consistently express frustration with superficial performance assessments 

that fail to adequately capture the complexities of student learning, particularly in areas such as 

problem-solving and critical thinking (Yuldashev et al., 2024; Shen, 2024). Then, as Sleether (2015) 

describes, there was growing public discontent with the perceived inadequacies of the current 

educational system, such as the White upper-middle class worldview standardized curriculum. 

People are generally becoming more aware of the current model's limitations as there is increasing 

awareness of the significant gap between theoretical knowledge about assessment and the 

practical application of that knowledge in real-world classroom settings (Guskey & Bailey, 2024). 

1  Source: https://v1.nitj.ac.in/nitj_files/links/Brochure_The_Education_Factory_15178.pdf
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At a deeper level, the current assessment system is also criticized for employing evaluation 

criteria that fail to effectively account for the wide range of individual differences among 

students (Shen, 2024). This lack of personalization is exacerbated by the limited assessment of 

soft skills, such as creativity and collaboration, and an over-reliance on traditional assessment 

methods primarily focusing on assessing academic knowledge alone. Personalized feedback 

tailored to individual student needs and learning styles must be revised. Furthermore, the 

inefficient utilization of student data for informed decision-making hinders the potential for 

creating truly effective and individualized learning experiences.

Additionally, traditional summative score-based grading system, characterized by the reporting 

of a single end-of-semester letter grade, is also criticized for not aligning with the principles 

of sound assessment practices (Guskey, 2013). This approach prioritizes the completion of 

individual assignments over the demonstration of mastery of specific course learning objectives. 

The limited provision of constructive feedback and targeted guidance on improvement areas 

further exacerbates this approach's deficiencies. The significant neglect of soft skills, such as 

critical thinking, problem-solving, communication, and creativity, represents another severe 

critical limitation (McKenna, 2018; Ra et al., 2019; AlGhamdi & Al-Ghamdi, 2021). Even though 

these skills are increasingly recognized as essential for success in the 21st century, traditional 

assessment methods still do not capture them. This gap has to be filled with a more holistic and 

comprehensive evaluation approach that is more personalized and project-based.

To conclude, the prevailing reliance on outdated assessment practices, often rooted in 

subjective personal experiences, deeply held philosophical beliefs, rigid state policies, or 

impractical guidelines from teacher education programs, urgently demands a paradigm shift 

(Kamalov Gurrib, 2023; Bulut et al., 2024). The current system has yet to be replaced by a more 

comprehensive and efficient assessment paradigm suitable for the student's requirements 

and the broader educational context. The ability of AI to overcome these sensitivities by 

analyzing student work, personalizing feedback, and providing meaningful insight into student 

achievement is immeasurable.
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Redefining Assessment and Evaluation

The limitations of the current assessment system necessitate a fundamental redefinition of 

assessment and evaluation practices in education. We need to be asking questions such as, “is 

it necessary to design tests that rank students against one another?” and “how do we   redefine 

our needs for the 21st century and move away from the factory-model approach to education 

and assessment?”. Also, asking questions such as 'Is assessment fair?' (Nisbet & Shaw, 2020) is 

needed to reevaluate what we are imposing on the next generation.

This redefinition must move beyond the limitations of traditional approaches and be ready to 

embrace a more holistic and equitable framework for evaluating student learning and growth. 

The multifaceted nature of assessment requires a shift towards a more comprehensive and 

personalized understanding.

This section discusses some of the most important changes suggested in the assessment field 

and what changes should be considered thoroughly.

The Future of Students' Evaluation: From Measurement to Continuous 
Learning

Several researchers (Elmore, 2019; Evans & Waring, 2024; Hunter & Jefferson, 2024) argue for 

a fundamental shift in the purpose of assessment, moving away from its traditional role as a 

tool for measuring and ranking students towards a focus on supporting and guiding learning, 

also using self- and peer-assessments. It includes using not only formative assessment or 

"assessment for learning," but continuous feedback between student and teacher during the 

learning stage, which can lead to change and development. This method uses assessment to 

shape instruction, adapt learning and increase student engagement. Moreover, embracing 

authentic assessments where students apply their knowledge and skills in real-world contexts, 

mirroring the challenges they will face beyond the classroom. This form of assessment enables 

students to exemplify knowledge significantly and encourages the growth of advanced levels 

of thinking. Electronic portfolios (Lallmamode et al., 2016) - see Figure 5 below - and project-

based assessments (Kokotsaki et al., 2016) are often recommended as they measure complex 

skills while integrating formative assessment practices into the whole process. The drawbacks 

of such assessments need also be mentioned as challenges in implementation, subjectivity in 

marking, lengthy assessment period and the potential for bias (Arslan et al., 2024; Kyllonen et 

al., 2024) can make institutions hesitant to adopt them. 
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Figure 5: The Students’ ePortfolio

The Future of Students' Evaluation: The Role of AI-Powered Tests & 
Personalized Testing

The value of technology and Artificial Intelligence in customizing learning and assessment is 

apparent. As shown in Figure 6, the Al universe has several layers, and GenAI, which generates 

new content based on AI models, has been one of the key innovations that help generate 

personalized education and feedback (Arslan et al., 2024; Roe & al., 2024).  
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Figure 6: The AI Universe2

For example, platforms like Khanmigo (Khan, 2024) demonstrate the potential of artificial 

intelligence to generate effective progress reports and support practical teaching strategies. 

2  Source: https://www.linkedin.com/posts/brijpandeyji_as-ai-continues-to-reshape-our-world-its-activity-7209518437998473218-FCbN/
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These tools can also facilitate engaging classroom activities that enhance student learning while 

simultaneously reducing teacher workload (Shetye, 2024). Yuldashev and his co-researchers 

(2024) argue that AI-based instruction and assessment tools provide a remarkable ability to 

apply adaptive learning, i.e., real-time adaption of assessment difficulty and content, on students' 

performance. Not only can these adaptive systems effectively point out knowledge deficits, but 

they can also direct remediation to restore the learning pace of each student accordingly. In 

addition, AI enables the development of interactive assessments, beyond the boundaries of 

traditional multiple-choice exams, which leads to a more holistic and fair appraisal of student 

knowledge and competencies. Giving students the ability to learn immediately from their 

mistakes helps them understand important concepts in the real world. 

The application of AI extends beyond the assessment itself too. AI can also revolutionize the 

process of eLearning localization with the personalization of e-learning technologies with 

tools such as extended reality (XR), virtual reality (VR), augmented reality (AR), and mixed 

reality (MR) (Imran et al., 2024), thus making the translation and adaptation of educational 

content for different languages and cultures faster, more affordable, and more scalable. 

The use of GenAI has, however, its drawbacks. Bozkurt et al. (2024) warn against GenAI for being 

not culturally neutral, often reflecting worldviews that may reinforce inequalities and marginalize 

diverse voices. As GenAI transforms education, there is a risk of diminishing creativity, empathy, 

and critical thinking, replacing meaningful human interactions with algorithmic processes. The 

manifesto advocates for evidence-based research and intentional decision-making to ensure 

GenAI supports ethical and equitable education without undermining human values. It is why 

a collaborative approach that combines the efficiency of AI with the nuanced understanding 

of human expertise is essential to ensure the quality and cultural appropriateness of translated 

eLearning materials. Introducing AI into educational environments also brings significant other 

ethical issues and problems. A considerable worry is that AI systems may leverage and even encourage 

biases with inequitable consequences (Wang, 2021). Other complications include data privacy 

and student confidentiality (Wu, Duan & Ni, 2024). These problems must be seriously considered, 

and only a considered and responsible approach to AI embedding can ameliorate such risks. 

Perkins, Roe, and Furze (2024) have developed their own AI Assessment Scale - see Figure 7 

below - to help open dialogue between teachers and students about GenAI use and support 

teachers to assist students better. The scale is very well developed, although an over-reliance on 

the scale may lead to unintended consequences.
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1 NO AI

The assessment is completed entirely without AI assistance in a controlled 

environment, ensuring that students rely solely on their existing knowledge, 

understanding, and skills.

You must not use AI at any point during the assessment. You must 

demonstrate your core skills and knowledge.

2 AI PLANNING

AI may be used for pre-task activities such as brainstorming, outlining and 

initial research. This level focuses on the effective use of AI for planning, 

synthesis, and ideation, but assessments should emphasise the ability to 

develop and refine these ideas independently.

You may use AI for planning, idea development, and research. Your final 

submission should show how you have developed and refined these 

ideas.

3
AI 

COLLABORATION

AI may be used to help complete the task, including idea generation, drafting, 

feedback, and refinement. Students should critically evaluate and modify the 

AI suggested outputs, demonstrating their understanding.

You may use AI to assist with specific tasks such as drafting text, refining 

and evaluating your work. You must critically evaluate and modify any 

AI-generated content you use.

4 FULL AI

AI may be used to complete any elements of the task, with students directing 

AI to achieve the assessment goals. Assessments at this level may also require 

engagement with AI to achieve goals and solve problems.

You may use AI extensively throughout your work either as you wish, 

or as specifically directed in your assessment. Focus on directing AI to 

achieve your goals while demonstrating your critical thinking.

5 AI EXPLORATION

AI is used creatively to enhance problem-solving, generate novel insights, or 

develop innovative solutions to solve problems. Students and educators co-

design assessments to explore unique AI applications within the field of study.

You should use AI creatively to solve the task, potentially co-designing 

new approaches with your instructor.

The AI Assessment Scale3

3  Source: Furze, L., Perkins, M., Roe, J., & MacVaugh, J. (2024). Preprint.
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The Future of Students' Evaluation: Ensuring Fairness, Equity, Justice, and 
Inclusion

The design and implementation of the factory-model assessment was based on differentiation 

based on a summative exam and numerical grades. Future assessments must prioritize fairness, 

equity, and liberation, ensuring all students have an equal opportunity to demonstrate their 

knowledge and skills to achieve social justice for all children (McArthur, 2015). 

In the assessment context, there is a need to adopt a justice-oriented approach to assessment. 

Randall (2021) and Randall et al. (2022, 2024) argue heavily towards adopting a justice-oriented 

approach to eliminate obstacles that harm test-takers and remove and repair any instruments of 

oppression and marginalization that harm people from minorities. They advocate for a justice-

oriented, anti-racist validity approach that will take into account the bias and equity issues in 

the assessment initially designed for the majority, white population in America. She also argues 

against using the anti-bias checklist as adopting it continues to empower those in authority in 

curricula and assessment. Instead, she advocates for including key people from marginalized 

groups in the decision-making and validation process of tests and assessments.

This same approach should be adopted in international language tests as such tests are heavily 

euro-centric or L1-centric (Ndlangamandla, 2024) and need a support system to close these 

gaps, especially regarding international exams.

Multiple assessment techniques are also essential for achieving a more holistic and 

comprehensive evaluation of student abilities. This diversification of assessment approach 

helps accommodate different learning styles, providing students with multiple opportunities 

to showcase their understanding and skills. In ensuring fairness, it should be remembered that 

current assessments are institutionalized and many have political purposes.

The Future of Students' Evaluation: Assessing Soft Skills Alongside 
Academic Skills

As the growing understanding of the critical value of soft skills such as critical thinking, working, 

communication, and creativity manifests itself, integration of these skills into assessment 

practices is needed. The 2024 ETS report (Kyllonen et al., 2024) clearly highlights the need 

to include competencies identified as fundamental for attaining success in the 21st-century 

workplace. Traditional tests tend to be relatively narrow and test only for academic knowledge 
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and rote learning and have consistently failed to measure important soft skill competencies 

effectively. Future assessments must move beyond this limitation, embracing innovative 

methods that allow students to demonstrate their soft skills in authentic contexts.

Future evaluations can accurately assess soft skills by integrating various approaches, such 

as performance-based evaluation, collaborative tasks and technology-based evaluation. 

Performance-based assessments ask students to use their knowledge and skills to solve real-

life problems, such as designing an experiment or writing a business plan as a multimedia 

presentation. Collaborative tasks, task work amongst students, provide the chance for students 

to show how they communicate, work in teams and resolve conflict as part of their learning. 

For challenging-to-identify skills in the classroom such as problem-solving approaches, self-

regulation or metacognitive skills, technology-enhanced assessment can be used with digital 

platforms.

The development of valid and reliable assessments for soft skills presents significant challenges, 

requiring careful consideration of assessment criteria, scoring rubrics, and strategies to ensure 

fairness and minimize bias. However, integrating soft skill assessment is crucial for equipping 

students with the skills necessary to thrive in the increasingly complex and dynamic landscape 

of the 21st century.

The Future of Students' Evaluation: Rethinking Grading Systems

Traditionally tiered grading systems, while an ancient part of the system of education, are 

increasingly seen as being inadequate to capture the students' multidimensional potential and 

competence (Cain et al., 2022; Lettau, 2021; González et al., 2020; Metsäpelto et al., 2020). In this 

system, there is frequently a lack of reflection on the developmental complexities of student 

learning, and thus, little information about the specific area for improvement or the progress of 

particular students. At the same time, excessive importance is attributed to numerical scores, 

and this can lead to an unhealthy learning environment with high pressure on the learners 

to get good scores regardless of proper understanding, which can discourage their intrinsic 

motivation and courage to embark on risks.

Alternative assessment modalities, comprising competency-based and narrative-based 

assessments, promise to enable a more fine-grained, deeper, and qualitatively richer assessment 

of student learning. To properly assess comprehensive student learning, various techniques 

must be utilized to capture all that learning, including project-based, performance-based, and 
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technology-enhanced assessments with portfolios, self-assessments, peer reviews, and objective 

tests. These approaches promote critical thinking, creativity, teamwork and metacognition 

while offering meaningful insight into students' strengths and weaknesses. Digital tools also add 

depth to the assessment through, for example, real-time feedback and the use of new formats 

and thus enable the obtaining of a whole-pie holistic evaluation of student learning and skills.

The Future of Students' Evaluation: Real-time feedback

Real-time feedback, often facilitated by technology-mediated learning environments, empowers 

students to be promptly guided in the right direction, allowing for strategies to be re-adapted 

as learning unfolds. A study by Setterington et al. (2022) revealed that real-time feedback 

enables timely interventions, allowing dental and undergraduate medical science education 

students to address misconceptions and swiftly refine their learning strategies. This personalized 

approach fosters student engagement and motivation, encouraging active learning and biased 

participation (Coogle et al., 2019). The immediate feedback heightens students' accountability, 

while self-regulation is also promoted (Jedrzejczyk et al., 2010). In healthcare, real-time patient 

experience feedback systems, utilizing digital technology, enhance patient care by facilitating 

immediate responses and improvements (Khanbhai et al., 2019).

Some challenges of implementing real-time are inequitable access to technology and training, 

concerns about data privacy, and the need for teacher training to reliably utilize and interpret 

real-time data effectively (Anastasopoulou et al., 2024).

Future of Students' Evaluation: Implementing Project-Based Assessments

Project-based evaluation is a valuable instrument for promoting deep learning, as it necessitates 

student application of knowledge and skills in solving real-world problems. These tests go 

beyond rote memorization and promote critical thinking, teamwork, communication, and 

creativity (Guo, 2020; Almulla, 2020). An optimal balance between formative and summative 

assessment is important to ensure the full potential of project-based assessments is achieved. 

Timely formative feedback during the entire process of development of the project is critical to 

the fostering of student learning and the development of skills. The feedback can be received 

from different sources, such as teachers, classmates, and self-assessment. A final summative 

assignment, e.g., a project presentation or report, can be used to assess the general quality of 

the assignment and how these elements demonstrate one of the primary learning outcomes.
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Project-based assessments (Kokotsaki et al., 2016) offer valuable opportunities for students to 

synthesize information from various sources, work collaboratively to overcome obstacles and 

present their findings compellingly and persuasively. Examples of project-based assessments  

include: (1) designing experiments to test a scientific hypothesis, (2) developing a business plan 

to address a community need, or (3) creating a multimedia presentation to advocate for social 

change.

These projects allow students to demonstrate their ability to think critically, collaborate 

effectively, communicate their ideas clearly, and approach challenges creatively.

The Future of Students' Evaluation: Assessment as Ecology

Another important paradigm shift concerning assessment is expressed by  Asao Inoue (Inoue, 

2015), who investigates the practice of assessment ecology and its relevance to writing 

classrooms. He states that writing assessments in the classroom goes far beyond a sequence 

of isolated tests or tasks; it is a multifaceted ecosystem of interacting components, namely, 

variables of power, assessment instruments, participants, process, products, and the physical 

side where learning and evaluation take place. These elements include the complex interplay 

of power dynamics, the specific components of the assessment process (such as rubrics or 

feedback mechanisms), the individuals involved (students, teachers, and other stakeholders), 

the procedures employed, the works generated, and the physical and conceptual contexts 

within which these activities unfold. Some traditional assessment models based on tradition 

poorly consider these interacting components, leaving the student learning incomplete and 

potentially biased or unfair.

Inoue's (2015) notion of an assessment ecology highlights the connectivity of these components 

in that each component has a considerable impact on the others. For instance, whether or not 

numeric achievement levels are provided may strongly influence students' motivation, the type 

of feedback that can be provided, and the perceived power relationships between teachers and 

students. Also, the physical context in which the assessment is carried out may determine the 

nature of interactions and how the students see themselves within the assessment process. 

Understanding these relations is critical to developing a more effective responsive assessment 

system that promotes student learning and growth.
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Translating the Future of Evaluation to an English Language Program: A 
Phased Approach

This demand for change in student assessment extends to every aspect of education, including 

English language education. This section discusses a prospective-oriented assessment tool designed 

for use with an L2 English language program, focusing on the level of practical implementation 

stages, potential pitfalls and how to overcome these, as well as on successful implementation. 

In this paper, to simplify the narration of the changes that could happen to a language institute 

that adopts future assessment methods, a name is given to a hypothetical institution: Taleen 

English Language Institute (or TELI). TELI is a standard English language center that prepares 

students to be taught in English as a Medium of Instruction in Saudi Arabia. The center runs 

a one-year program that claims to be linked to the CEFR (Common European Framework of 

Reference for Languages) and follows a curriculum similar to the IELTS test as a summative 

exam. A mid-term exam and several shorter assessments are scattered throughout the two 

semesters to reliably evaluate the student's performance.

English language programs in Saudi Arabia face many challenges, such as limited instructional 

time, inadequate teaching resources, outdated pedagogical approaches, insufficient teacher 

training, overcrowded classrooms, flawed assessment systems, and administrative constraints 

(Al-Tamimi, 2019; Al-Seghayer, 2014). Additionally, textbooks frequently prioritize grammar 

and vocabulary rather than communication skills, and teacher training programs are found 

to need more methodology courses and practical teaching experience, in addition to usually 

attracting trainees with low English proficiency (Al-Seghayer, 2014). Overcrowded classrooms 

often impede personalized instruction, and the emphasis of assessment systems is placed on 

rote memorization, instead of authentic language use (Barnawi & Al-Hawsawi, 2017).

To address these pressing issues, a comprehensive strategy is required, including curriculum 

redesign, to prioritize communication skills, enhanced teacher training programs, the 

adoption of interactive teaching methods, reduced class sizes, improved assessment systems, 

decentralized governance, and fostering collaboration with educational experts (Barnawi & Al-

Hawsawi, 2017; Al-Seghayer, 2014; Al-Tamimi, 2019). A more student-centered approach could 

transform the learning landscape, enabling greater engagement and proficiency in English. 

The necessity for authentic materials and real-world contexts cannot be overstated, as they 

bridge the gap between theoretical knowledge and practical application. In this light, re-

imagining assessment methods is imperative, moving from mere memorization to authentic, 

communicative competence.
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Since this paper focuses on future assessment, the three stages to adopt this feature in an 

English Language Program are as follows.

Phases Goals and Tasks
Phase I — 

Redefining Focus

Goal: Evaluate the current assessment system and align it with 

institutional culture and future vision of the curriculum and 

language program.

Tasks:

Review existing assessment tools and frameworks.

Analyze institutional culture and vision.

Assess the alignment between program goals and assessment 

practices.

Evaluating the pros and cons of implementing an ePortfolio 

evaluation and project-based assessment system, assessing soft 

skills, and personalized testing as part of a formative and continuous 

learning system.

Phase II — 

Applying Strategic 

Changes

Goal: Implement strategic changes to improve the assessment 

system without disrupting trust among stakeholders.

Tasks:

Develop a transparent and collaborative change process.

Communicate changes to stakeholders (teachers, students, and 

administrators).

Ensure strategic adjustments foster trust and inclusivity.

Phase III — 

Ongoing Evaluation 

and Refinement

Goal: Create a system to track, analyze, and refine the impact of 

assessment reforms for continual improvement.

Tasks:

Implement data tracking and evaluation mechanisms.

Gather feedback from students, teachers, and other stakeholders.

Adjust and refine assessment reforms based on evidence and 

changing needs.

Table 1: Phases of Implementing Future Assessments in an English Language Program in 

Saudi Arabia.
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Phase 1: Redefining Focus

The move towards an innovative assessment model within an English language program calls 

for a phased strategy. Crucial stages for the implementation of forward-thinking assessments at 

TELI encompass the involvement of all stakeholders, from test-takers to directors of institutions, 

aligning curricula, training teachers, the integration of AI with human-in-the-loop and technology, 

addressing the needs of diverse learners, and an ongoing evaluation to ensure that progress is 

being effectively made.

A thorough review of the current assessment tools and frameworks must be conducted during 

this initial phase. Research on ePortfolio assessment (Lallmamode et al., 2016), project-based 

assessment (Guo, 2020; Almulla, 2020), and deep learning-based assessment systems (Masuku et al., 

2021) will be incorporated into the review to investigate alternative, more effective methodologies. 

This phase will also explicitly look into adopting the transition from measurement to continuous 

learning (Elmore, 2019; Evans & Waring, 2024; Hunter & Jefferson, 2024), probing the integration 

of formative assessment, self- and peer-assessments. The meticulous analysis of the current 

assessment instruments will also include a check on the alignment with the learning objectives, 

effectiveness in measuring student proficiency, and fairness and reliability of the existing program. 

In practical terms, this level will involve reviewing of available AI-based assessment platforms, 

considering their capabilities, limitations, and potential biases (Bozkurt et al., 2024; Wang, 2021; 

Baker & Hawn, 2022) for the implementation of an AI personalized testing.

Established frameworks for evaluating assessment quality, such as those founded on Bloom’s 

taxonomy, will be drawn upon to ensure a rigorous and comprehensive evaluation. Additionally, 

the review will contemplate the potential for bias and inequity within existing assessment practices, 

investigating whether certain groups of students are disadvantaged. It also includes an analysis of 

the institution’s ability to support the use of technology in assessment, addressing potential equity 

issues (Trani & Hart, 2023), and culturally sensitive assessment practices (Randall, 2021; Randall 

et al., 2022 & 2024). To comprehensively grasp the institutional context, perspectives from all key 

stakeholders, including teachers, students, administrators, and parents, will be gathered at this 

stage through surveys, interviews, focus groups, and document analyses. Furthermore, potential 

barriers to change, such as resistance to new assessment methodologies, lack of resources, or 

insufficient teacher training, will also be identified.

Finally, the analysis will not only pinpoint discrepancies between stated learning outcomes 

and actual assessment practices, but it will also evaluate the degree to which assessments 
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integrate higher-order thinking skills (Singh & Marappan, 2020) and soft skills (Kyllonen et 

al., 2024). Evaluating teachers’ Language Assessment Literacy (LAL) is needed to determine 

the required support and training level. This phase shall also entail an analysis of the existing 

grading system and its alignment with the objectives of holistic evaluation, considering 

alternative grading modalities like competency-based and narrative-based assessment (Cain et 

al., 2022; Lettau, 2021; González et al., 2020; Metsäpelto et al., 2020). The curriculum’s learning 

objectives will be compared with current assessments’ content and cognitive demands.  

The analysis will reveal misalignments between intended learning outcomes and actual assessment 

practices. For instance, it might be uncovered that while the TELI curriculum emphasizes 

communicative competence, the assessments primarily focus on grammar and vocabulary. 

Such discrepancies will be thoroughly documented and utilized to steer the development of a 

more aligned assessment system. The evaluation will also consider the extent to which existing 

assessments are equitable and fair, considering the diversity of the student population and the 

potential for cultural bias.

Phase 2: Applying Strategic Changes

In this phase, strategic transformations must be initiated at TELI, through the establishment of clear 

communication channels, timelines, and responsibilities. Priority should be given to participatory 

approaches (Trani & Hart, 2023), that encourage collaborative workshops, focus groups, and 

regular meetings with all stakeholders. Concerns will be actively addressed, and feedback will 

be incorporated throughout the implementation phase at TELI. A timeline for implementation 

will be included in the plan, specifying key milestones and deadlines. Mechanisms for addressing 

concerns and incorporating feedback will be put in place, ensuring that the implementation 

process is responsive to the needs of all stakeholders. Furthermore, this improved communication 

strategy will harness diverse channels, including workshops, online platforms, newsletters, and 

individual meetings while tailoring the message to each stakeholder group.

Regular feedback and recognition mechanisms (Walker, 2024) have to be used to monitor 

communication effectiveness and enable necessary adjustments. The communication channels 

to be used, such as email, presentations, workshops, or online forums, will be specified in the plan. 

Mechanisms for gathering feedback from stakeholders will also be included, allowing adjustments 

to the communication strategy based on their input. This step guarantees that the communication 

process is transparent, effective, and responsive to the needs of all stakeholders. Finally, TELI will 

ensure that the new assessment system is accessible, fair, and equitable for all students, regardless 
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of background or learning style (Trani & Hart, 2023). Support for students with learning difficulties, 

the development of culturally sensitive assessment materials, and the assurance that assessment 

procedures are accessible to all students will be included in this effort (Randall et al., 2023; Randall 

et al., 2024).

On a practical level, in this phase, there will be a focus on training teachers in formative assessment 

techniques, self- and peer-assessment strategies, and the design of authentic assessments that 

mirror real-world contexts (Elmore, 2019; Evans & Waring, 2024; Hunter & Jefferson, 2024). The 

integration of e-portfolios (Lallmamode et al., 2016) and project-based assessments will be 

piloted in selected courses, with careful monitoring to address challenges such as implementation 

difficulties, subjectivity in marking, lengthy assessment periods, and potential biases (Arslan et 

al., 2024; Kyllonen et al., 2024). Additionally, in phase II, there will be a focus on piloting selected 

AI tools in specific courses, using the AI Assessment Scale (Perkins et al., 2024) to guide ethical 

implementation and fostering meaningful dialogues between teachers and students alike. Teacher 

training should be provided at TELI on the effective use of AI tools - addressing concerns about 

data privacy and student confidentiality. Regarding soft skills, a concerted effort is needed in 

developing and piloting novel assessment methods that accurately gauge these competencies. 

Approaches such as performance-based evaluations, collaborative tasks, and assessments 

enhanced by technology will be explored. During this phase, teacher training at TELI will focus 

on designing valid and reliable assessments for soft skills. It will involve careful consideration of 

assessment criteria, scoring rubrics, and strategies to ensure fairness, whilst minimizing bias, in the 

evaluation process. Thus, the landscape of AI and soft skills assessment is set to evolve significantly, 

opening new avenues for educational excellence.

Phase 3: Ongoing Evaluation & Refinement

The final implementation phase for future assessments at TELI is involves collecting and integrating 

quantitative and qualitative data about student performance, teacher feedback, and stakeholder 

satisfaction. This phase necessitates the development of robust data collection tools where 

appropriate statistical methods are employed to uncover trends, patterns, and improvement 

opportunities. For this purpose, an enhanced feedback process will be implemented, utilizing 

various methods (Walker, 2024), including surveys, focus groups, interviews, and observations. 

Feedback will be collected at multiple intervals throughout the implementation to guarantee 

a continuous cycle of monitoring and adaptation. Insights from the feedback will inform future 

adjustments to assessment tools, weighting schemes, and procedures.
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Ultimately, the continuous improvement process at TELI will leverage data and feedback to 

implement evidence-based adjustments to the assessment system (as in this study by Hegestedt 

et al., 2023). Modifications may involve altering assessment tools, recalibrating weighting schemes, 

introducing new assessment methods, or revising existing policies. The system will be flexible 

to adapt to shifting educational demands, technological innovations, and evolving stakeholder 

expectations (Ferrero-Ferrero, 2018). Regular reviews and updates will be conducted to uphold 

the ongoing relevance and effectiveness of the assessment system. The principle of “assessment 

as ecology” (Inoue, 2015) will guide the continuous refinement of the system, ensuring that all 

interacting components (power dynamics, assessment instruments, participants, processes, 

products, and contexts) are taken into account to foster student learning and growth in a just and 

equitable manner. Establishing a mechanism for the regular review and update of the assessment 

system will be involved in this task based on data collected and feedback received.

Data analysis in Phase III will be essential to identify improvement areas. Adjustments made 

to the assessment system may include modifying assessment tools, revising grading criteria, or 

altering the weighting of various components. The revised assessment system will then be put into 

practice, and the data collection and feedback gathering cycle will persist to ensure continuous 

refinement and enhancement. This iterative process will guarantee that the assessment system 

remains responsive to the ever-evolving needs of students, teachers, and the institution.

On a practical level, Phase 3 will involve data analysis to evaluate the effectiveness of the ePortfolio 

assessment tool, informing further refinements and adjustments. This implementation will 

involve a phased rollout of formative and continuous learning assessments, starting with pilot 

programs in a few courses. Teachers will receive training on formative assessment techniques, self-

assessment strategies, and peer-assessment methods. E-portfolios and project-based assessments 

will be implemented gradually, with ongoing support and feedback for teachers and students. 

Data will be collected throughout the implementation process to monitor the new approaches’ 

effectiveness and identify improvement areas. The findings will inform the refinement of the 

assessment strategies and the development of best practices for implementing continuous 

learning assessments.
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Regarding the evaluation of soft-skills at TELI, Phase 3 will involve a careful selection of soft 

skills to be assessed, taking into account the needs of the Saudi Arabian workforce. A range of 

assessment methods will be used, including performance-based tasks, such as presentations, 

projects, or simulations, which allow students to demonstrate their soft skills in authentic 

contexts. Collaborative tasks will be incorporated to assess students’ ability to work effectively 

in teams. Technology-enhanced project-based assessments will measure problem-solving, critical 

thinking, and self-regulation skills. Developing clear assessment criteria and scoring rubrics will 

ensure the assessments are valid, reliable, and fair. Ongoing training and support will be provided 

to teachers to help them effectively assess and evaluate soft skills. Finally, instead of grades, a 

competency-based and narrative-based assessments will be researched and evaluated at TELI for 

their suitability to the Saudi Arabian context.

This enhanced three-phased framework addresses several issues raised in the factory model of 

assessment and the need to understand the multifaceted nature of assessment and shift towards 

a more comprehensive and personalized assessment of the future generation. The plan also 

highlights the importance of considering additional factors that may impact assessment practices, 

such as the growing emphasis on student well-being, the increasing use of technology, and the 

need for sustainability in assessment practices. The ongoing refinement of the assessment system 

at TELI will ensure that it remains effective, equitable, and relevant in the changing educational 

landscape in Saudi Arabia.
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Conclusion

A change in direction is needed to overcome the limitations of the current assessment practices, a 

shift from a factory assessment model towards a skills-based, future-looking model, focusing on 

authentic learning, equality in assessment, and technology to optimize the assessment process 

in both efficacy and efficiency. This future-oriented model hinges on two core principles: (1) 

the strategic utilization of AI with human-in-the-loop to analyze student work and develop 

comprehensive student profiles, thereby enabling more accurate predictions of student 

performance and the creation of tailored learning experiences, and (2) the implementation of 

a diverse range of assessment methods to achieve more reliable and transparent evaluations, 

fostering student reflection and promoting the establishment of meaningful learning goals. AI-

powered systems provide real-time, individualized feedback, while several assessment methods 

provide a more integrated and comprehensive representation of student abilities.

This paper has explored the urgent need for a paradigm shift in educational assessment for the 

future, moving beyond the limitations of the traditional factory model to a future-oriented 

model that leverages the power of AI and diverse assessment approaches. Combining Artificial 

intelligence (AI) with a variety of assessments, including but not limited to examination, 

questionnaire, and interview, may provide considerable promise in designing more 

individualized and equitable assessment systems. However, bringing such an innovative system 

to life is contingent upon careful planning, rigorous teacher preparation, an efficient allocation 

of resources, careful attention to ethical concerns (data privacy and AI bias), an iterative 

implementation strategy, and ongoing monitoring and evaluation for constant refinement. 

Dealing with these critical elements will guarantee that assessment reforms ultimately 

contribute to improving student learning and development, in line with the requirements of 

the 21st century. Core components will continue to elude meaningful and lasting advances 

unless addressed.
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Empowering Educators in the Age Of 
AI: Balancing Humanistic Teaching 
with Technological Integration

Balqees Almandhari

Abstract

This chapter posits that to we must urgently revolutionize teacher pedagogy in the face of 
new AI developments. We must shift our focus towards developing holistic competencies that 
enable teachers to maintain high-quality education standards while integrating smart tools into 
their teaching practices. Innovative teacher education must prioritize digital literacy, emotional 
intelligence, and autonomy and innovation. 

Quality assurance mechanisms should evolve to reflect these new competencies, emphasizing 
flexibility, innovation, and continuous improvement. Without modifying and updating these 
quality assurance requirements, this revolution in teacher pedagogy cannot be fully realized. 
To align with these competencies, teacher education programs must also emphasize quality 
indicators and assurance mechanisms. This includes continuous professional development, peer 
collaboration, and reflective practice, which collectively ensure that educators are prepared to 
meet the evolving needs of their students.

By examining current practices and presenting case studies, this chapter illustrates how innovative 
pedagogical strategies can prepare educators to effectively engage with students who have access 
to vast information sources. Teachers will be positioned as facilitators and leaders, guiding students 
through complex learning landscapes enriched by AI, yet firmly grounded in human connection 
and empathy.

Imagine a classroom humming with activity: one student explores a virtual science lab where 
intricate chemical interactions come alive in dynamic 3D visuals while another receives quick, 
customized feedback on a piece of writing from an artificial intelligence (AI) tutor, highlighting 
not just grammar but also suggesting ways to strengthen the argument. Students from Tokyo and 
São Paulo work with classmates across the room in an AI-moderated conversation where real-time 
translating breaks down language barriers. Freed from hours of grading and lesson planning, the 
teacher sits with a small group of students conducting a deep conversation about ethical decision-
making in science, the kind of complex, human-centered conversation AI cannot reproduce. This 
is not a vision for the far future -- this is happening now in thousands of classrooms all around, as 
Artificial Intelligence (AI) drastically transforms education at an extraordinary speed. 
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AI has revolutionized multiple industries, and education is no exception. A 2024 survey by the 

Digital Education Council found that 86% of students globally use AI tools in their studies, with 

24% engaging with them daily and 54% at least weekly. ChatGPT, Grammarly, and Microsoft 

Copilot dominate these tools, frequently utilized for tasks like information search (69%), grammar 

checks (42%), and summarizing documents (33%) (Kelly, 2024). These statistics underscore 

AI’s growing relevance in education and highlight the urgent need for integrating AI literacy 

into educational systems. The pace of AI research and education has accelerated dramatically 

over the past decade. Global AI-related publications have shown significant growth, with over 

240,000 publications in 2022 alone. Machine learning research has experienced particularly rapid 

expansion, with a sevenfold increase in output over the past decade. The educational sector has 

responded to this growth, with AI-related degree programs tripling globally since 2017, signaling 

a deliberate effort to prepare both students and educators for an AI-enabled future (Maslej et al., 

2024). The COVID-19 pandemic further catalyzed digital transformation in education. According 

to the OECD Digital Education Outlook (2023), 65% of OECD countries now implement national 

student systems, yet many have yet to fully leverage these tools in real-time learning environments, 

limiting their potential for personalization and equity. Countries like Finland have successfully 

digitized national exams, setting a benchmark for others (OECD, 2023). However, challenges such 

as interoperability and ethical considerations persist, emphasizing the importance of deliberate 

and informed AI integration. The OECD report further emphasizes that AI tools and digital 

platforms are becoming universal, though integration remains uneven. Many education systems 

struggle to balance technological innovation with equitable access, leaving gaps in teacher and 

student readiness (OECD, 2023). This dichotomy underlines the importance of teacher education 

programs that equip educators with both technical skills and the ability to critically evaluate AI’s 

ethical implications, potential biases, and societal impacts.

The dramatically advancing AI technologies are reshaping learning environments by facilitating 

personalized learning, improving assessment practices, and automating routine administrative 

tasks. However, the uniquely human qualities of teaching—empathy, creativity, and ethical 

decision-making—remain central to effective education. Unlike many professions, teaching resists 

automation due to its reliance on these attributes, underscoring the enduring role of educators 

in AI-enhanced classrooms (Frey & Osborne, 2017; Schwab, 2017). Despite these advancements, 

significant gaps in AI literacy persist. Kelly (2024) notes that 58% of students feel unprepared 

for an AI-enabled workforce, and 80% believe their universities’ integration of AI falls short of 

expectations. These challenges call for an urgent and systemic approach to AI integration in 

education. The OECD AI Principles, the first intergovernmental standard on AI, stress that AI 
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systems must uphold the rule of law, human rights, and democratic values, with safeguards 

ensuring fairness and justice through human intervention (Giardini & Fritz, 2024).

This chapter examines the integration of Artificial Intelligence (AI) into education, emphasizing 

its transformative potential in reshaping teaching and learning practices. While the term “AI” 

encompasses a wide range of intelligent systems capable of learning, adapting, and performing 

tasks traditionally requiring human cognition, this chapter places particular focus on Generative 

AI (GenAI)—a subset of AI that specializes in creating original content such as text, images, and 

code. GenAI, exemplified by tools like ChatGPT and Bard, has demonstrated significant promise 

in areas such as personalized learning, content generation, and adaptive assessment. Although 

broader applications of AI, such as administrative automation and predictive analytics, are 

discussed, the primary emphasis remains on Generative AI due to its unique capacity to directly 

impact instructional practices and student engagement. To maintain clarity and coherence, “AI” 

is used as the overarching term throughout the chapter, with “Generative AI” specified where 

discussions focus on content-generation technologies. This approach avoids redundancy while 

aligning with the chapter’s broader goals, ensuring a clear and consistent narrative.

Key Chapter Objectives and Contributions

•	 Integration of AI Literacy: this chapter begins by addressing the integration of AI literacy 

into teacher education programs, focusing on how educators can responsibly assess and 

implement AI tools in classrooms.

•	 Humanistic dimensions: it explores the humanistic dimensions of AI-enhanced teaching, 

emphasizing the cultivation of interpersonal and intrapersonal skills, such as emotional 

intelligence, to maintain the human essence of education.

•	 Continuous Professional Development: the importance of continuous professional 

development is highlighted, particularly in updating educators’ skills to keep pace with rapid 

technological advancements.

•	 Alignment of quality assurance 

•	 Mechanisms and teacher autonomy: The chapter examines the alignment of quality assurance 

mechanisms and teacher autonomy in AI-enhanced pedagogy, proposing strategies to ensure 

that AI serves as a tool for educational advancement while preserving teacher agency.
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By providing a comprehensive overview of these topics, this chapter contributes to the ongoing 

discussion about the future of education in an AI-driven world, ensuring that these technologies 

are leveraged responsibly to enhance both teaching and learning experiences.

AI literacy

AI applications in education have grown significantly, encompassing personalized learning systems, 

administrative tools, and instructional aids that enhance both teaching and learning. Tools like 

Intelligent Tutoring Systems (ITS), adaptive platforms, and language learning applications provide 

personalized pathways for students, adjusting content and pacing based on individual progress 

(Holmes et al., 2019). These tools hold the potential to create tailored learning experiences through 

adaptive assessments, data analysis, and feedback. For instance, ITS platforms such as Carnegie 

Learning’s MATHia adjust content difficulty dynamically, while language learning applications like 

Duolingo use AI to personalize review schedules based on user proficiency. On the administrative 

side, AI tools like universities’ chatbot, Pounce, help students by answering common queries, while 

grading platforms such as Grade scope streamline assessment workflows, allowing teachers to 

devote more time to direct student engagement.

However, the increased reliance on AI in classrooms brings many challenges. AI-driven curriculum 

tools, while powerful, risk homogenizing content due to their reliance on standardized algorithms 

and datasets. Homogenization happens when AI systems use fixed models and uniform data to 

create learning experiences. This approach can lead to standardized content that does not adapt 

well to different classrooms (Biesta, 2015; Selwyn, 2019; Williamson, 2017). For example, an AI-

driven curriculum designed for urban schools might not address the unique challenges of rural or 

culturally diverse classrooms. This is like using the same recipe for every meal, regardless of personal 

taste or dietary needs. It limits the flexibility to tailor education to individual students, reducing 

the richness and variety that make learning meaningful. Furthermore, there is a concern that the 

growing role of AI in lesson planning, grading, and assessments could erode teacher autonomy. 

As AI tools increasingly shape instructional content, educators may find less flexibility to exercise 

professional judgment, adapt to classroom dynamics, or infuse creativity into their lessons, risking 

a reduction in the teacher’s role as the central facilitator of learning (Biesta, 2015; Holmes et al., 

2019). It’s like being a passenger in a car rather than the driver—teachers might follow the AI’s 

lead instead of steering their lessons based on their professional judgment and the specific needs 

of their students. This shift risks limiting educators’ ability to adapt to classroom dynamics or 

bring creativity into their teaching practices. To navigate these complexities, teachers require AI 

literacy, a critical skill set that allows educators to understand, evaluate, and effectively apply AI 
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tools within educational contexts. To address the need for practical implementation, tools like 

Teachable Machine by Google provide a low-barrier entry point for educators, enabling them to 

explore machine learning concepts interactively without requiring programming expertise. This 

tool empowers teachers to engage with data training and model application in user-friendly ways, 

building their confidence in integrating AI into classroom practices (Brummelen et al., 2020). 

Similarly, MIT’s App Inventor for AI allows teachers to design AI-driven applications tailored to 

their classroom needs, fostering both technical skills and creativity in adapting AI tools to specific 

educational contexts (Touretzky et al., 2019).

The concept of AI literacy encompasses a broad set of competencies that empower individuals 

to engage effectively with AI, adapt its applications to various contexts, and critically evaluate its 

implications. Various scholars have attempted to capture the essence of literacy. Long and Magerko 

(2020) describe AI literacy as the ability to critically assess AI technologies, communicate and 

collaborate with AI, and apply it effectively in personal and professional domains. Hermann (2021) 

extends this by emphasizing an understanding of data processes, including how data are gathered, 

analyzed, and the potential biases inherent in AI systems, along with an awareness of AI’s broader 

societal impacts. Holmes et al. (2021) define AI literacy as encompassing the knowledge, skills, and 

ethical considerations necessary for meaningful interaction with AI. This definition highlights four 

key areas: foundational AI understanding, engagement with AI applications, critical assessment of 

AI outputs, and an awareness of ethical issues such as data privacy, bias, and transparency. While 

this definition provides a comprehensive framework for individual AI literacy, researchers have 

also explored AI literacy from organizational and institutional perspectives. Mikalef and Gupta 

(2021) highlight AI capability from an organizational perspective, defining it as a firm’s capacity 

to effectively manage and leverage AI resources, underscoring the strategic role AI literacy plays 

in an organizational context. The educational dimension of AI literacy adds another crucial layer 

to these definitions. In this context, Kandlhofer and Steinbauer (2018) along with Dai et al. (2020), 

emphasize foundational knowledge about AI principles and applications, especially in educational 

settings, where AI literacy equips students to understand, access, and apply AI knowledge and 

skills. These perspectives collectively illustrate AI literacy as an essential skill set that integrates 

technical understanding with ethical and critical reflection, enabling individuals and organizations 

to use AI thoughtfully and responsibly. 

These varied conceptualizations of AI literacy—ranging from individual competencies to 

organizational capabilities and educational applications—highlight a critical challenge in teacher 

education. The complexity of these definitions underscores the multifaceted nature of AI literacy 
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required for effective teaching in contemporary classrooms. To address this complexity, teacher 

education programs must focus on training teachers to critically engage with AI-driven curriculum 

tools, ensuring they are equipped to leverage these technologies without compromising 

instructional autonomy. This section proposes two key strategies to enhance AI literacy among 

educators: (1) the integration of AI ethics and governance frameworks, and (2) collaborative 

development approaches.

The section concludes by addressing critical challenges that affect the implementation of these 

strategies, such as socioeconomic disparities and the need to build teacher capacity in diverse 

contexts. These challenges highlight the importance of fair access to AI resources and tailored 

approaches to teacher training, ensuring that AI literacy initiatives effectively bridge gaps and 

empower educators globally.

AI Ethics and Governance Frameworks

To enhance AI literacy among teachers, there is a clear need for comprehensive strategies and 

frameworks within teacher education programs. Central to this is UNESCO’s AI Competency 

Framework for Teachers, a pioneering global model that outlines core competencies in AI for 

educators, structured around dimensions such as human-centered AI, ethics, AI foundations, 

pedagogy, and professional development (Cukurova & Miao, 2024). By framing competencies 

across levels of progression, it offers educators a path to integrate AI thoughtfully and responsibly 

into their teaching practices. The “Ethics of AI” component within UNESCO’s framework is crucial, 

providing teachers with the ethical foundations needed to use AI tools responsibly. A critical aspect 

of this grounding is addressing challenges like data privacy, where sensitive student information 

may be at risk. For instance, AI tools often collect performance metrics and personal data, which 

could be misused without robust protection. Educators must be equipped to evaluate these 

tools for compliance with regulations like GDPR or FERPA. Solutions include training teachers to 

recognize privacy risks, enforcing clear institutional policies on data usage, and adopting technical 

safeguards such as encryption and anonymization. These measures ensure that student data 

remains secure while enabling responsible use of AI in classrooms.

Ethical frameworks such as The Ethical Guidelines on the Use of AI and Data in Teaching and Learning 

(Miao et al., 2021) and AI and Education: Guidance for Policy-Makers (European Commission, 

2022) support this by emphasizing data privacy and transparency, encouraging teachers to embed 

these principles into educational contexts. Additionally, the Beijing Consensus on AI and Education 

(UNESCO, 2019) and the OECD AI Principles (Giardini & Fritz, 2024) underscore transparency, 
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accountability, and equity as core considerations in AI use, aligning closely with the goals of ethical 

teacher preparation. A major ethical concern highlighted in these frameworks is algorithmic bias, 

where AI systems may perpetuate stereotypes or disadvantage certain groups due to biased 

training data. For example, an AI assessment tool trained on data from homogenous populations 

may inaccurately evaluate students from diverse cultural or linguistic backgrounds. To mitigate 

these risks, schools and developers must prioritize diverse datasets that represent varied student 

demographics. Furthermore, involving teachers in the development of AI tools can help identify 

and correct biases early, ensuring that algorithms align with classroom realities. Teachers should 

also be trained to monitor AI outputs critically and override decisions when necessary to prevent 

inequitable outcomes.

In recent years, more focused frameworks have emerged to guide the ethical implementation of AI 

in education, with educators actively involved in their development. Two notable examples are the 

Data Ethics Framework for AIED (Hong et al., 2022) and the Ethics of AI in Education Framework 

(Holmes et al., 2021). Both frameworks emphasize core elements like privacy, transparency, 

accountability, and inclusiveness but approach them from complementary perspectives. For 

instance, regarding privacy, Hong’s framework focuses on protecting sensitive student data and 

ensuring informed consent, while Holmes’ framework extends this to consider student agency 

and autonomy in educational contexts. On accountability, Hong emphasizes the responsibility of 

developers and institutions to ensure ethical compliance and auditability, while Holmes highlights 

the specific obligations educators have when using AI systems to make pedagogical decisions. Both 

frameworks stress transparency - not just in terms of data collection and algorithmic decisions, but 

also in making teaching strategies and learner models visible and understandable to students and 

teachers. The frameworks also prioritize inclusiveness and fairness, calling attention to potential 

biases that could disadvantage certain student groups and emphasizing the need for fair access 

and outcomes. 

Achieving fair access requires addressing disparities in technology infrastructure across schools. 

Rural or underfunded schools may lack the hardware and connectivity needed to fully utilize AI 

tools, exacerbating educational inequities. To tackle this, governments and organizations must 

invest in digital infrastructure, particularly in under-served areas. Mobile-based AI tools or offline 

solutions could also provide scalable options for regions with limited resources. Additionally, 

teacher training programs should include equity-focused components, enabling educators to 

adapt AI tools to diverse classroom needs and promote inclusive learning environments. The 

key elements essential in any AI ethics framework, such as equity, privacy, transparency, and 
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inclusiveness, are illustrated in Figure 1 below. These principles form the foundation for guiding 

ethical AI integration in education.

Figure 1

Key Elements of AI Ethics Frameworks

Note: This figure illustrates the foundational principles of AI ethics frameworks in education: equity, inclusiveness, privacy, and 
transparency. 

By providing these specific guidelines developed with educator input, these frameworks offer 

practical direction for implementing AI in education ethically. China and Korea’s national 

AI strategies both underscore the role of educational institutions and teachers as pivotal to 

building AI literacy and ethical AI integration in education. China’s Action Plan for Artificial 

Intelligence Innovation in Colleges and Universities highlights the significance of higher education 

in developing AI expertise, mandating AI-specific curricula and establishing pilot institutes to 

promote AI research and professional training within universities. This approach places educators 

at the heart of national AI initiatives, both in implementing AI in curricula and contributing to 

the formulation of AI education policy, thereby recognizing teachers as essential stakeholders 

in AI-driven educational reform (Knox, 2020). Similarly, Korea’s National Strategy for Artificial 

Intelligence (Ministry of Science and ICT, 2019) outlines three primary goals: developing a robust AI 

infrastructure, broadening AI applications, and addressing labor needs arising from AI’s impact. A 

key component of Korea’s strategy is the Strengthening Teachers’ Software/AI Capabilities initiative, 

launched in 2020, which integrates AI training into teacher preparation programs and encourages 

institutions to include AI-focused content in their curricula. The Securing School Infrastructures 

framework complements this by equipping schools with digital infrastructure and AI tools, 

expanding access to AI education for rural and vulnerable communities. Together, these measures 

demonstrate Korea’s commitment to preparing educators as ethical AI practitioners, aligning with 

the broader objective of fostering AI literacy across educational contexts.
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Collaborations With Stakeholders 

To foster AI literacy in education, it is essential to begin collaboration between teachers and 

AI developers early in teacher preparation programs. By involving pre-service teachers in the 

design and application of AI tools from the start, educators can enter their careers with a robust 

foundation in both pedagogical and technical competencies. This approach emphasizes a human-

cantered design where teachers are not only users of AI tools but active collaborators with 

developers and researchers, helping to ensure that AI tools are user-friendly, practical, and tailored 

to real classroom needs. A core concept in this collaboration is intelligence amplification (IA), or 

“augmented intelligence,” where humans collaborate closely with AI to enhance task performance 

rather than having tasks completely automated. This form of intelligence focuses on using AI to 

support and extend human capabilities, creating a synergy where machines and humans work 

together to achieve superior outcomes in complex tasks (Raisch & Krakowski, 2021). This reflects 

that AI systems designed to complement and amplify teachers’ and students’ abilities, such as 

by offering personalized learning tools, data-driven feedback, and automation in administrative 

tasks focusing on enhancing, rather than replacing, the teacher’s role. Unlike automation, which 

replaces specific human tasks, IA allows AI systems to manage routine duties—such as tracking 

student progress and providing tailored feedback, thereby freeing teachers to engage more deeply 

in complex, human-centered teaching responsibilities like fostering creativity, empathy, and 

critical thinking. 

By positioning AI as a supportive tool, this approach upholds the teacher’s authority over 

instructional decisions, enhancing professional autonomy and judgment. Such foundational 

exposure to AI during teacher preparation enables educators to effectively incorporate technology 

in ways that complement rather than compromise their instructional roles. The collaborative 

development of AI-driven educational tools aims to enhance teachers’ instructional capacity 

while preserving their professional autonomy. Central to this enhancement is conversational AI, 

which simulates human interaction to provide realistic support across educational contexts. This 

technology has transformed various aspects of teaching, particularly in language education where 

AI systems can manage routine tasks such as grading and providing real-time feedback (Ji et al., 

2022). By handling these administrative functions, AI enables teachers to focus on the uniquely 

human aspects of education: interpersonal connections, creative instruction, and comprehensive 

pedagogical decisions. Technology’s adaptive learning capabilities further support this goal, 

automatically tailoring instructional materials to individual student progress and proficiency 

levels, which research shows significantly improves learning outcomes. Importantly, teachers 

maintain control over curriculum decisions throughout this process, choosing how and when to 

implement AI-driven tools based on their students’ specific needs.



170

Teacher preparation programs stand to gain immensely from interdisciplinary partnerships with 

AI experts. These collaborations should encompass a diverse team of stakeholders: educators, 

AI developers, curriculum designers, and policymakers, each contributing unique perspectives 

to create AI tools that are both technically robust and sound pedagogically. As Luckin and 

Cukurova (2019) emphasize, such interdisciplinary teams are essential in developing AI tools 

that not only support personalized learning but also reinforce the teacher’s vital role in student-

centered education. Central to this approach is the co-design process, where teachers actively 

participate in developing AI tools from inception to implementation. This participation bridges 

the gap between theoretical AI capabilities and practical classroom applications. Two significant 

initiatives demonstrate the effectiveness of this collaborative approach: the AI4GA project and 

the co-design workshops.

Study 1: The Case Study 
The AI4GA project serves as an exemplary model of structured teacher-researcher collaboration 

in AI education. Through a comprehensive year-long curriculum development process, the 

project demonstrated how the roles of researchers and teachers can effectively evolve and 

mature. Initially, researchers led the instructional design phase, providing foundational knowledge 

and frameworks. As the project progressed, there was a deliberate shift toward teacher-driven 

curriculum innovation, with educators taking increasingly active roles in shaping and adapting 

the content to their classroom contexts. The project’s development process followed several 

sequential phases, each building upon the previous one. This progressive approach facilitated 

growing levels of teacher autonomy while ensuring continuous curriculum refinement. Teachers 

moved from being recipients of AI education knowledge to becoming active creators and 

innovators in AI curriculum development. This transition illustrated how structured collaboration 

can effectively support teachers in developing both AI competency and confidence in curriculum 

design (Gardner-McCune et al., 2022).

Case Study 2: Co-Design Workshops
The co-design workshops further highlight the depth of teacher engagement in creating 

integrated AI curricula. These workshops brought together 15 K-12 teachers and researchers to 

embed AI concepts into core subjects such as literacy and social studies. For example, in one 

activity, teachers guided students to use Teachable Machine, an AI tool, to classify images related 

to vocabulary words. The teachers played a pivotal role in shaping this activity by scaffolding 

the learning process, ensuring students understood the steps involved in data labeling, training, 

and model evaluation. They also integrated reflective discussions, prompting students to consider 

questions like, “What happens if our dataset is incomplete or biased? How might this affect the 

model’s predictions? “The workshops underscored the importance of teacher insights in making 
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AI tools accessible to diverse learners. Teachers collaborated with researchers to refine the tools 

and activities, ensuring they aligned with educational standards while fostering critical AI literacy. 

These efforts also included ethical considerations, such as analyzing biases in AI systems and 

discussing their societal implications, making the lessons both practical and thought-provoking 

(Lin et al., 2023).Starting this co-design process within teacher preparation programs ensures new 

educators develop both pedagogical expertise and AI literacy, enabling informed decision-making 

about AI integration while maintaining their essential role in student learning.

Socioeconomic Disparities and Building Teacher Capacity 

Socioeconomic factors play a critical role in shaping the accessibility and implementation of AI 

literacy programs, leading to significant disparities in how teachers and students interact with 

AI technologies. In low-resource settings, schools often face infrastructural challenges, such 

as unreliable internet access, outdated hardware, and insufficient funding for teacher training. 

These limitations hinder educators’ ability to meaningfully engage with AI literacy initiatives. To 

address these gaps, organizations like UNESCO’s Global Education Coalition have collaborated 

with local governments and private companies to provide digital infrastructure, teacher training, 

and culturally relevant AI tools tailored to underserved communities (UNESCO, 2020). Despite 

these efforts, ensuring the scalability and sustainability of such interventions remains a pressing 

concern.

Addressing teacher resistance, particularly in contexts where unfamiliarity with AI poses a barrier, 

requires innovative and supportive solutions. AI-driven conversational agents integrated into 

platforms like Moodle with AI plugins offer real-time guidance and feedback, fostering a low-

pressure and interactive learning environment for educators. This approach helps build confidence 

in using AI tools while reducing apprehension (Ji et al., 2022). Similarly, gamified AI training 

tools, such as Code.org’s AI for Oceans (https://studio.code.org/s/oceans), combine practical 

AI knowledge with engaging, playful activities that enhance educators’ learning outcomes and 

encourage active participation (Holmes et al., 2021). Even within wealthier nations, disparities 

persist. For example, in the United States, AI literacy programs often benefit schools in urban and 

affluent areas, leaving rural and low-income districts underserved. Efforts such as Google’s “CS 

First” initiative and MIT’s App Inventor for AI aim to democratize access by providing free resources 

and training to schools in underrepresented areas (Touretzky et al., 2019). Despite these initiatives, 

systemic inequities in funding and resource allocation hinder equal access to AI education. To 

bridge these divides, policy measures at state and federal levels are needed to ensure equitable 

distribution of resources, enabling all students, regardless of their socioeconomic background, to 

benefit from AI integration in education.
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Building teacher capacity in diverse contexts must account for these socioeconomic disparities. 

Teachers in resource-constrained settings often lack the opportunity to develop the AI literacy 

skills necessary to implement AI-driven tools effectively. For instance, schools with limited internet 

connectivity or outdated hardware may struggle to provide educators with the hands-on experience 

needed to adapt AI technologies to their teaching practices (Holmes et al., 2021). Furthermore, 

rural and underserved areas often face difficulties in retaining qualified teachers, exacerbating 

the challenges of building AI literacy. In contexts where resources are available, teachers must 

also navigate the complexities of integrating AI tools while addressing ethical considerations and 

local needs. AI literacy, as defined by Long and Magerko (2020), involves critically assessing AI 

technologies, communicating and collaborating with AI systems, and applying AI effectively in 

personal and professional domains. This requires a foundation of technical knowledge alongside 

an understanding of the biases and societal implications of AI systems (Hermann, 2021). However, 

without addressing the underlying socioeconomic disparities, teachers in marginalized areas may 

lack the infrastructure, training, and support necessary to build these competencies. Efforts to 

enhance teacher capacity must be tailored to these diverse contexts. For instance, in low-resource 

settings, mobile-based AI training programs or offline AI education modules could offer scalable 

solutions. 

Additionally, partnerships between educational institutions and technology companies could help 

provide the infrastructure and training needed to support teachers in rural areas. In well-resourced 

settings, initiatives could focus on deepening teachers’ understanding of AI ethics and critical AI 

literacy to ensure that educators can address broader societal issues in their classrooms. These 

differentiated approaches can empower educators globally, ensuring that AI literacy becomes a 

tool for reducing, rather than reinforcing, educational inequities.

Human-Cantered AI (HCAI) in education: Intrapersonal and Interpersonal 
Skills 

To introduce Human-Centered AI (HCAI) in education, it is essential to emphasize the role of 

teachers in promoting AI use that upholds human welfare—defined as supporting the health, 

happiness, and quality of life of individuals—and ensures social justice and emotional well-being. 

According to UNESCO’s AI Competency Framework for Teachers (2024), educators should 

be equipped to critically understand AI’s societal impacts and help guide AI applications that 

prioritize these aspects of welfare. The framework highlights the need for teachers to be cautious 

of commercial AI influences that may encourage addictive behaviours, such as excessive screen 

time or reliance on algorithm-driven validation (e.g., through social media likes), which can foster 

isolation and reduce genuine social interactions. By advocating for responsible educational AI that 
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protects social and emotional well-being, teachers can shape a supportive, human-centered AI 

environment in education. Through discussions, workshops, and policy involvement, educators 

are positioned to lead the development of AI practices that uphold human rights and societal 

well-being, balancing the benefits of AI integration with the preservation of core human values. 

The potential of HCAI in education is transformative, offering applications that align AI systems 

with human values, needs, and goals (Ozmen Garibay et al., 2023; Shneiderman, 2020). The Figure 

below illustrates its three core dimensions, which support both the cognitive and emotional 

aspects of learning:

Figure 2: Core Dimensions of Human-Centered AI (HCAI) in Education

Central to HCAI is the 

principle of maintaining 

human oversight in AI-assisted 

education, particularly in areas 

that impact student well-

being and equity. This concept 

highlights the irreplaceable 

role of human judgment in 

interpreting AI-driven insights 

and making meaningful 

instructional decisions. 

Teachers and decision-makers 

remain responsible for shaping 

the ethical applications of 

AI, ensuring it complements 

rather than replacing human 

roles in education.

Humans in the AI Loop Intelligent TutoringPersonalized Learning

AI-driven tutoring systems 

can offer personalized support 

around the clock, adapting 

to individual learning styles 

and guiding students in 

setting goals and reflecting on 

progress. Intelligent tutoring 

systems need to consider the 

socio-emotional aspects of 

learning to offer mentorship 

that respects each student’s 

unique journey, enhancing 

students’ self-confidence and 

resilience (Lin et al., 2023).

HCAI also enables adaptive 

learning systems that respond 

to each student’s needs, 

providing immediate, tailored 

feedback and fostering a 

growth mindset. Personalized 

learning aligns with students’ 

unique strengths and areas 

for improvement, creating a 

supportive environment that 

encourages self-reflection and 

continuous learning (Mørch & 

Andersen, 2023).

Note: This figure illustrates the three key dimensions of Human-Centered AI (HCAI) in education: maintaining human oversight, 
enabling personalized learning, and providing intelligent tutoring. 

The successful implementation of Human-Centered Artificial Intelligence (HCAI) in education is 

best understood through key case studies that prove its practical impact and effectiveness. These 

examples highlight how HCAI enhances teaching and learning while preserving critical human 

agency and interaction, offering insights into strategies for meaningful integration.
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Block-Based Programming in STEM Education

Dai et al. (2023) conducted a comprehensive study exploring the integration of AI-supported block-

based programming in STEM education. Their research showed that combining AI scaffolding 

with traditional teaching methods significantly improved instructors’ ability to develop and 

practice their teaching skills. Specifically, “the AI-supported simulation engaged PSTs in authentic 

and real-time interaction with virtual students, prompting them to address, analyze, and respond 

to student responses and be adaptive and reflective” (Dai et al., 2023, p. 1832). This approach 

successfully balanced automated support with human instruction, enabling teachers to focus on 

higher-order pedagogical goals while allowing the AI system to handle routine tasks.

Virtual Reality with AI-Powered Virtual Students

Another significant advancement in HCAI implementation is documented in Zhang et al.’s (2019, 

2024) research on virtual reality (VR) simulations with AI-powered virtual students. These studies 

revealed that “AI-supported simulation has the potential to support PSTs’ responsive teaching 

skills” (Zhang et al., 2024, p. 1). The VR environment created realistic teaching scenarios, allowing 

educators to practice instructional techniques, such as questioning strategies and discussion 

facilitation, while receiving immediate feedback. By simulating authentic student responses, the 

system effectively enhanced teachers’ ability to navigate dynamic classroom interactions.

Collaborative Learning Environments

In their investigation of collaborative learning settings, Andersen et al. (2022) highlighted the 

potential of HCAI to support group-based educational activities. Their research focused on 

“collaborative learning with block-based programming” (p. 1830), showing that HCAI effectively 

facilitated collaborative processes without undermining human interaction. The AI systems found 

connections between design components and provided context-appropriate scaffolding, enabling 

a seamless blend of technology and human guidance.

Success Factors and Implementation Considerations

Across these implementations, several critical success factors emerge, underscoring the conditions 

necessary for effective HCAI integration:

•	 Maintenance of Human Agency: Each successful implementation preserved the autonomy of 

both teachers and students, ensuring that AI tools acted as support rather than replacements 

for human decision-making.
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•	 Appropriate Scaffolding: The AI systems provided context-aware, tailored support 

that complemented human instruction, enhancing the learning experience without 

overshadowing educators’ roles.

•	 Authentic Learning Experiences: The HCAI implementations created realistic and meaningful 

scenarios, fostering engagement and deeper learning outcomes.

•	 Balance of Automation and Human Control: Successful case studies proved the importance 

of balancing automated functionalities with human oversight to ensure both efficiency and 

adaptability.

These findings align closely with Shneiderman’s (2020) framework for HCAI, which emphasizes the 

importance of supporting human self-efficacy and facilitating social participation. Collectively, 

these case studies illustrate that when designed and implemented thoughtfully, HCAI can 

augment educational processes while preserving the essential human elements of teaching and 

learning. By focusing on both the cognitive and emotional dimensions of education, these tools 

offer a pathway for advancing instructional practices in a way that harmonizes technology with 

human values.

Advancing Instructional Practices in a Human-Centered Framework

Effectively integrating Human-cantered AI (HCAI) applications in education requires a solid 

foundation in research-based learning principles that emphasize active participation, collaboration, 

and timely feedback. These principles not only guide effective teaching but also ensure that HCAI 

tools align with how students learn best (National Research Council, 2000; Sawyer, 2022). To 

achieve this alignment, educators must connect HCAI design with established learning theories, 

such as behaviorism, cognitivism, constructivism, humanism, and connectivism. Among these, 

humanistic learning theory emerges as particularly relevant, as it emphasizes fostering autonomy, 

self-motivation, and personal reflection in learners. By grounding HCAI tools in these principles, 

educators can create enriched, student-cantered learning environments where AI reinforces—not 

to replace educational goals (Rogers & Freiberg, 1994; Maslow, 1968, as cited in Taylor & Cranton, 

2012; Mezirow & Taylor, 2011).

Rooted in humanistic psychology, this approach highlights the importance of addressing 

intellectual, emotional, and social needs, fostering a holistic educational experience that respects 

each learner’s individuality. Students flourish when their social, emotional, and cognitive needs 

are equally prioritized (Merriam & Bierema, 2013; Rogers & Freiberg, 1994, as cited in Taylor & 
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Cranton, 2012). In this context, HCAI can serve as a tool to amplify humanistic teaching practices, 

supporting educators in nurturing students’ unique strengths and creating a learning environment 

that values collaboration, emotional engagement, and self-reflection. Humanistic learning theory 

also underscores the importance of creating safe, supportive spaces where students feel valued 

and motivated to engage with content that aligns with their interests and aspirations. Principles 

such as self-evaluation, emotional engagement, and focusing on the learner’s holistic experience 

directly align with the goals of HCAI. 

Teachers who integrate HCAI tools effectively can prioritize active engagement and collaboration, 

allowing students to develop critical thinking and interpersonal skills. These practices reinforce 

that HCAI is most impactful when it centers on the learner’s journey, fostering a meaningful and 

participatory educational experience. Moreover, educators and students must remain aware that 

current AI technologies—despite their sophisticated capabilities—are still “narrow” or “weak.” 

AI systems lack contextual understanding, empathy, and comprehensive judgment, which are 

essential for meaningful learning experiences (Holmes et al., 2019; Marcus, 2019). Conceptualizing 

AI as augmented intelligence rather than a replacement for human expertise allows educators 

to maintain their central role in shaping instructional decisions. This approach helps students 

critically evaluate AI’s potential while recognizing its limitations (Hassani et al., 2020).

By embedding social and ethical responsibilities into AI literacy, teacher education programs can 

nurture a Human-Centered AI mindset, equipping teachers as ethical leaders in AI-mediated 

classrooms. This approach prioritizes emotional intelligence—a cornerstone of humanistic 

teaching—and highlights the unique abilities of educators that cannot be replicated by AI. 

Developing interpersonal and intrapersonal skills enables educators to address the psychological 

impacts of AI and lead with empathy, ethics, and self-awareness.

The following section explores how intrapersonal and interpersonal skills strengthen teacher-

student relationships and support responsible AI integration. This transition underscores that 

emotional intelligence is not merely an adjunct to technical expertise but a central component of 

effective and human-centered education.

Intrapersonal Skills: Emotional Intelligence as the Foundation

Emotional intelligence (EI) is a fundamental aspect of effective teaching, serving as the cornerstone 

of intrapersonal skills. Salovey and Mayer (1990) define EI as the ability to perceive, generate, and 

understand emotions to support thought, and to regulate emotions effectively for personal and 
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intellectual growth. Goleman (1995) expands on this by emphasizing EI as the capacity to recognize, 

comprehend, manage, and influence both one’s own emotions and those of others. Similarly, 

Bar-On (1997) categorizes EI into five dimensions, with the intrapersonal domain focusing on 

emotional self-awareness, assertiveness, self-esteem, self-actualization, and independence. These 

facets are crucial for teachers to navigate their emotional landscape while fostering a positive, 

emotionally responsive classroom environment. These intrapersonal skills form the foundation 

upon which effective interpersonal interactions are built (Yoon et al., 2007). 

Goleman (1995) further elaborates on this, identifying self-awareness (knowing personal 

emotions) and self-control (managing emotions) as key constructs of emotional intelligence in 

the context of education, intrapersonal dimension empowers educators to navigate their own 

emotional landscape while simultaneously recognizing and responding to the affective states of 

their students. In stark contrast to AI systems, which operate within the confines of logic and 

algorithmic determinism, teachers with heightened emotional intelligence possess the unique 

ability to engender trust, foster meaningful interpersonal connections, and cultivate a classroom 

atmosphere characterized by psychological safety and emotional support (Jennings & Greenberg, 

2009). The importance of EI in teaching is underscored by a growing body of research. For instance, 

Brackett et al. (2011) found that teachers with higher levels of EI were more effective in creating 

positive classroom environments and promoting student engagement. Similarly, Poulou (2017) 

demonstrated a strong correlation between teachers’ EI and their ability to manage classroom 

behaviors effectively. To integrate emotional intelligence into teacher education pedagogy, 

programs can adopt several strategies:

•	 Experiential learning activities, such as role-playing exercises and simulations, allow pre-

service teachers to practice recognizing and responding to various emotional scenarios in 

the classroom (Hen & Sharabi, 2014).

•	 Reflective practices, such as journaling and peer discussion groups, encourage self-awareness 

and emotional regulation, helping teachers manage both their own emotions and those of 

their students (Farrell, 2013; Larrivee, 2008).

•	 Mentorship programs, where pre-service teachers are paired with experienced educators 

who model high EI in their teaching practice, provide essential guidance in emotional 

management (Corcoran & Tormey, 2012).

•	 Mindfulness training can further enhance teachers’ emotional awareness and stress 

management skills, promoting well-being and resilience in the classroom (Roeser et al., 2012).
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While these strategies are valuable, we must critically consider the challenges and limitations 

of EI training programs. One significant challenge is the subjectivity and difficulty of measuring 

emotional intelligence. Unlike technical skills, EI is often difficult to quantify, making it hard to 

assess improvements in teachers’ emotional competencies (Waterhouse, 2006). Additionally, 

cultural differences in emotional expression can affect how EI training is received and implemented. 

What is considered emotionally intelligent behavior in one culture may not translate directly to 

another, complicating efforts to create universally applicable EI training (Hen & Sharabi, 2014). 

Time constraints also present a limitation—teacher education programs are often packed with 

content, and integrating EI training requires additional time, which can be difficult to allocate 

without displacing other critical areas of instruction (Corcoran & Tormey, 2012). Finally, some 

educators may exhibit resistance to EI training, particularly if they view emotional intelligence as 

less relevant than more technical or subject-based skills, which could hinder the effectiveness of 

these programs (Poulou, 2017). Addressing the challenges of implementing emotional intelligence 

(EI) training for educators requires specific, responsive strategies. The subjective nature of 

measuring EI, for instance, can be tackled by employing diverse assessment methods, such as 

combining reflective journals, peer feedback, and observational assessments, which capture in-

depth aspects of emotional growth (Corcoran & Tormey, 2012). To handle cultural differences in 

emotional expression, training programs can be designed with flexibility, incorporating culturally 

sensitive materials that allow for adaptation across different educational settings (Hen & Sharabi, 

2014). 

Regarding time constraints, embedding EI components into existing courses rather than adding 

standalone modules can make the integration more feasible within already dense teacher education 

curricula (Waterhouse, 2006). Lastly, to address resistance from educators who might prioritize 

technical skills over EI, demonstrating the impact of EI on classroom dynamics and student 

outcomes can shift perceptions, emphasizing that EI is a foundational teaching skill that enhances 

both relational and instructional effectiveness (Poulou, 2017). The following figure illustrates the 

key components, applications, development strategies, and challenges of integrating Emotional 

Intelligence (EI) in teaching, emphasizing its foundational role in fostering effective educational 

practices.
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Figure 3: Integrating Emotional Intelligence (EI) in Teaching Practices 

Note. This figure highlights the role of Emotional Intelligence (EI) in teaching, focusing on key components (e.g., emotional self-
awareness, self-esteem, and independence), applications (e.g., modeling EI and managing emotions), strategies for development 
(e.g., mentorship and mindfulness training), and challenges (e.g., cultural differences and resistance to training). It emphasizes 
EI's significance in fostering effective teaching practices and classroom dynamics.
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Interpersonal Skills: Building on the Foundation of Emotional Intelligence

Petrovici and Dobrescu (2014) argue, emotional intelligence plays a crucial role in building 

interpersonal communication skills. These skills, encompassing effective communication, 

collaboration, and leadership, are fundamental to establishing robust relationships within the 

educational ecosystem. Empathy, a core part of emotional intelligence, bridges the intrapersonal 

and interpersonal domains. It enables teachers to establish genuine connections with their 

students by comprehending and validating their diverse perspectives and lived experiences. This 

capacity for empathic understanding is particularly crucial in today’s heterogeneous classrooms, 

allowing educators to bridge cultural divides and create inclusive learning environments (Warren, 

2013; Warren, 2018). To foster empathy and other interpersonal skills in teacher education, several 

strategies can be employed. These include perspective-taking exercises, cultural immersion 

experiences, communication workshops, collaborative project-based learning, and leadership 

development programs. For example, in cultural immersion programs, pre-service teachers may 

spend time in communities different from their own to gain firsthand experience of how diverse 

cultural backgrounds shape students’ learning experiences and worldviews. This helps future 

teachers to better understand how culture, language, and socio-economic factors influence 

student behavior and academic performance, allowing them to adapt their teaching to be more 

inclusive and supportive. These approaches engage pre-service teachers in viewing situations 

from diverse student viewpoints, deepen their understanding of how culture shapes values and 

beliefs, offer training in active listening and conflict resolution, mirror the collaborative nature of 

professional learning communities, and provide opportunities for teachers to take on leadership 

roles in educational settings (Cukurova et al., 2024; Johnson & Fargo, 2014; Luckin & Cukurova, 

2019; Marx & Moss, 2011). 

The importance of these interpersonal skills in teaching is well-established in literature. Cornelius-

White (2007) conducted a meta-analysis demonstrating strong positive correlations between 

teacher-student relationships and various cognitive, affective, and behavioral student outcomes. 

Similarly, Roorda et al. (2011) found that positive teacher-student relationships were associated 

with increased student engagement and academic achievement. Moreover, teachers occupy 

a unique position in guiding students through the moral and ethical labyrinth of the modern 

world, particularly in an era where technology and AI introduce unprecedented ethical dilemmas. 

Educators play a crucial role in helping students navigate complex issues surrounding privacy, data 

security, and the ethical implications of technological advancement (Devi et al., 2023). Through 

their actions and decisions, teachers model ethical behavior and critical moral reasoning, thereby 

contributing to the development of students’ moral compasses (Strike & Soltis, 2015). 
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To prepare teachers for their role in moral guidance, several strategies can be employed. Ethical 

case studies can be used to analyze real-world ethical dilemmas in education, helping to develop 

moral reasoning skills. Philosophy of education courses can incorporate philosophical discussions 

on the ethical dimensions of teaching, broadening teachers’ perspectives. Digital ethics workshops 

can provide training on the ethical implications of technology use in education, a crucial aspect 

in today’s tech-driven classrooms. Additionally, service-learning projects can engage pre-service 

teachers in community service, fostering a sense of social responsibility. These approaches 

collectively aim to equip educators with the tools and perspectives needed to navigate the 

complex ethical landscape of modern education.

Empirical evidence highlights the significant impact of humanistic skills on student outcomes 

and well-being. Studies show that comprehensive training in emotional intelligence and empathy 

creates more inclusive and supportive classrooms, leading to improved student engagement and 

academic achievement (Nizielski et al., 2013; Sawyer & Henriksen, 2023; Petrovici & Dobrescu, 

2014). Research also indicates that educators with enhanced creative and interpersonal skills are 

better positioned to integrate AI tools in ways that support, rather than diminish, the human 

aspects of teaching (Vicci, 2024).

By intentionally cultivating these humanistic aspects of teaching through targeted pedagogical 

approaches, teacher education programs can ensure that future educators are well-prepared to 

leverage their uniquely human qualities in an increasingly AI-enhanced educational landscape. It is 

crucial that emotional intelligence becomes a core component of teacher preparation programs, 

particularly within education psychology, emphasizing the importance of developing these skills in 

an era where much of the educational process is becoming reliant on AI. Understanding students 

holistically, including their social and economic backgrounds, is essential to providing personalized 

support. AI may excel in processing inputs and generating personalized recommendations, but it 

lacks the ability to fully comprehend the complex emotional and contextual factors that influence 

student behavior and learning. Therefore, educators must prioritize the engagement of students 

as individuals, focusing not just on the outputs or data AI provides, but on the emotional and 

social dimensions of their development. This holistic approach ensures that students are seen, 

understood, and supported as complete individuals, fostering a more equitable and emotionally 

responsive educational environment. 
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The synergy between intrapersonal skills, particularly emotional intelligence, and interpersonal 

skills, will enable educators to remain indispensable. They will not only be self-aware and 

emotionally regulated but also capable of forming deep, meaningful connections with their 

students while navigating the social and ethical challenges that arise in an AI-driven world. 

Continuous Professional Development

While investing in preservice teacher education is essential, as discussed previously, the ongoing 

professional development of in-service teachers is equally critical. With the rapid advancements in 

Artificial Intelligence (AI) technologies, maintaining and enhancing the skills of in-service educators 

has become a necessity. Continuous professional development (CPD) ensures that teachers remain 

equipped to navigate and excel in increasingly AI-driven educational environments. AI tools 

offer transformative opportunities to support CPD by personalizing training, improving teacher 

readiness, and fostering collaboration. According to Aspect 5: AI for Professional Development 

from the AI Competency Framework for Teachers, educators must develop competencies for 

leveraging AI in lifelong learning and collaborative professional development (UNESCO, 2024). 

These competencies include using AI to evaluate professional learning needs, enhancing motivation 

for continuous development, and collaborating effectively with peers. By integrating AI-driven 

tools, teachers can adapt their teaching practices and leverage data analytics and personalized AI 

recommendations to transform their professional growth (Huang et al., 2023).

Personalization in Professional Development Through AI

AI’s most compelling application in professional development lies in its ability to customize 

training experiences for individual teachers. AI-driven platforms evaluate professional learning 

needs, design personalized learning paths, and provide adaptive feedback based on progress. This 

tailored approach directly addresses one of the primary barriers to AI adoption: teacher hesitancy 

due to lack of time and training (Selwyn, 2019). Large Language Models (LLMs), such as ChatGPT 

and GP Tech exemplify the dynamic possibilities for teacher training. These systems generate 

tailored lesson plans, craft educational content, deliver instant feedback, and simulate classroom 

scenarios. For instance, simulation-based tools like TeachLivE offer immersive environments where 

educators can practice classroom management and refine pedagogical strategies in risk-free 

settings. These tools utilize adaptive algorithms to simulate diverse classroom dynamics, helping 

teachers develop the skills necessary to respond effectively to varying student needs (Dieker et al., 

2014).
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Institutional and Global Initiatives in AI Professional Development

The landscape of AI professional development in education is being shaped by both institutional 

commitments and global learning platforms. These initiatives range from comprehensive university 

programs to accessible online learning platforms, each contributing uniquely to the advancement 

of AI literacy among educators. At the institutional level, the University of Florida’s AI for K-12 

initiative stands as a notable example of systematic AI integration in teacher development. This 

comprehensive program includes specialized seminars, workshops, and learning modules aligned 

with state standards, supported by substantial funding of $130 million for AI-related educational 

projects in 2023, including $18.8 million allocated to interdisciplinary AI initiatives across ten 

colleges (University of Florida, n.d.). This strategic investment underscores the importance of 

institutional commitment to preparing educators for an AI-integrated future.

On the global platform front, Coursera has emerged as a significant contributor to AI-focused 

continuous professional development (CPD). Through partnerships with prestigious institutions 

like Oxford’s Saïd Business School and industry leaders such as Amazon and Microsoft, Coursera 

provides educators with professional certificates in generative AI. These programs offer a spectrum 

of training options, from foundational to advanced skills, enabling educators worldwide to develop 

AI literacy and integration expertise. Similarly, Edutopia emphasizes AI-focused professional 

development approaches that foster collaboration and ethical reflection, equipping teachers with 

critical digital literacy skills for integrating AI responsibly into classrooms. European initiatives 

have also made significant strides in AI teacher training. Spain’s National Institute of Educational 

Technologies (INTEF) and the EU CODE WEEK MOOC offer practical, hands-on courses, while 

programs in Malta and Italy have successfully incorporated generative AI tools to complement 

traditional teaching methods. These programs enhance instructional effectiveness while enabling 

personalized learning experiences (Cukurova et al., 2024). 

Barriers and Strategies for AI Integration in Professional Development

Despite its potential, integrating AI into CPD presents challenges. These include resource limitations, 

teacher resistance, lack of digital skills, and concerns over privacy and ethical considerations. The 

table below outlines key barriers and strategies for overcoming them:
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Table 1: Barriers to AI Adoption in Professional Development and Proposed Strategies 

Challenge Impact Proposed Strategies

Limited Resources Insufficient funding, inadequate 

infrastructure, and lack of 

high-speed internet hinder 

AI adoption, particularly in 

underfunded schools.

Governments and organizations 

can provide subsidies and grants for 

technology upgrades. 

Teacher Resistance 

and Hesitancy

Teachers may resist AI due to 

its complexity, fear of being 

replaced, or preference for 

traditional methodologies.

Peer mentoring programs can foster 

acceptance by sharing success stories. 

Demonstrating accessible tools like 

ChatGPT can also mitigate concerns 

about complexity.

Lack of Digital Skills Teachers with limited experience 

in digital technologies may 

struggle to integrate AI into 

professional development or 

teaching.

Professional development programs 

should include AI literacy as a core 

component. Platforms like Coursera 

offer tailored AI training to upskill 

teachers effectively.

Risk of Deskilling Over-reliance on AI tools may 

lead to diminished critical 

decision-making skills and 

professional judgment.

Emphasize a balanced approach where 

AI supports rather than replaces teacher 

expertise. Models like Squirrel AI 

integrate teacher decision-making into 

AI-powered systems.

Data Privacy and 

Security Concerns

Teachers and institutions worry 

about data privacy, including 

sensitive information collected by 

AI tools.

Implement strict data protection 

policies and transparent security 

protocols to build trust in AI systems.

Lack of Awareness 

About AI

Misunderstanding or 

underestimation of AI's 

potential benefits can lead 

to misconceptions and 

underutilization.

Conduct awareness campaigns and 

workshops to educate educators about 

the advantages of AI and its practical 

applications.
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Challenge Impact Proposed Strategies

Misalignment with 

Educational Goals

AI tools may not align with 

established curricula or 

professional development 

frameworks.

Collaborate with educational authorities 

to ensure AI solutions are tailored to 

local curricula and teaching standards.

High Initial 

Investment Costs

The upfront costs of 

implementing AI, including 

hardware, software, and training, 

can be prohibitively expensive.

Offer financial support through 

government subsidies, institutional 

grants, and public-private partnerships 

to reduce the financial burden.

Time Constraints Teachers often lack time for 

additional training due to their 

existing workloads.

Develop micro-learning modules and 

flexible, self-paced online training 

options that fit into teachers' schedules.

Technological 

Inequities

Unequal access to reliable 

internet, modern hardware, and 

technical support exacerbates 

disparities between schools.

Provide infrastructure upgrades and 

ensure equitable access to AI tools in 

underserved regions.

Language and Cultural 

Barriers

AI tools may not be designed 

for diverse languages or cultural 

contexts, limiting usability for 

some educators.

Develop localized AI tools that are 

adaptable to multiple languages 

and cultural environments to ensure 

inclusivity.

AI Bias and Ethical 

Concerns

Flawed data or algorithms 

may reinforce biases, leading 

to inequitable outcomes and 

reduced trust in AI systems.

Establish ethical oversight bodies 

and clear guidelines to ensure that 

AI systems remain unbiased and 

transparent.

Ethical Considerations and Sustainable Integration

The adoption of AI in CPD must also address significant ethical considerations, such as data 

privacy and the risk of fostering a “surveillance culture” that undermines teacher autonomy 

(Selwyn, 2019). Institutions must implement strict data protection protocols, such as adherence 

to GDPR, to safeguard sensitive information (Zawacki-Richter et al., 2019). Transparent policies on 

data usage and accountability should accompany AI integration, fostering trust among educators 

while maintaining their professional agency (Luckin et al., 2016). By addressing these ethical 

concerns and emphasizing a balanced, human-centered approach to AI integration, educational 

institutions can empower teachers to leverage AI’s transformative potential without compromising 
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their professional judgment or autonomy. This alignment ensures that AI complements educators’ 

lifelong learning journeys while preserving the critical human elements of teaching (Huang et al., 

2023; Ouyang et al., 2023).

Aligning Quality Assurance and Teacher Autonomy in AI-Enhanced 
Pedagogy

Quality Assurance (QA) in education encompasses multiple dimensions: institutional standards, 

pedagogical effectiveness, learning outcomes assessment, and program evaluation mechanisms. 

In the context of this paper, QA refers specifically to the frameworks and processes used to ensure 

educational quality while integrating artificial intelligence technologies. This includes monitoring 

teaching effectiveness, evaluating learning outcomes, assessing technological integration, and 

maintaining educational standards (Shneiderman, 2020). The imperative to maintain these rigorous 

educational standards while preserving instructional creativity requires careful consideration of 

competing priorities.

Traditional QA mechanisms in education have focused on standardized assessments, classroom 

observations, and performance metrics. However, with the integration of AI technologies, these 

frameworks must evolve to address new challenges and opportunities. Excessive standardization 

may inhibit teachers’ ability to respond dynamically to student needs (Zhang et al., 2024). For 

example, a study in China found that standardized testing frameworks restricted teachers’ 

ability to adapt curriculum content to diverse student needs, prioritizing test preparation over 

innovative, student-centered teaching strategies. Similarly, in the United Kingdom, Ofsted’s rigid 

inspection criteria have been criticized for limiting teachers’ freedom to experiment with new 

methodologies, as schools often prioritize compliance with QA metrics over creative pedagogical 

approaches (Tian & Diamond, 2024).

In integrating AI into education, QA must extend beyond simple metrics and technical 

functionality, emphasizing how AI impacts learning outcomes and the holistic experiences of 

teachers and students (Nemorin, 2021). Despite over 50 years of AI research in education, its 

widespread application remains limited, partly due to the lack of robust, cumulative research 

on AI’s actual educational benefits. Evidence-based support often focuses on technical aspects 

without fully assessing AI’s role in enhancing the learning process (Luckin et al., 2016; Holmes et al., 

2019). Although some Intelligent Tutoring Systems (ITS) show promise compared to traditional 

methods, their perceived efficacy may stem more from novelty than meaningful educational value 

(Selwyn, 2019). 
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Quality assurance frameworks in AI-enhanced education should adopt a dynamic, adaptive 

approach to account for rapid technological advancements and the personalized nature of AI-driven 

learning environments (Williamson, 2020; Zawacki-Richter et al., 2019). This need for adaptation 

became particularly evident during the COVID-19 pandemic, when the rapid deployment of 

online QA tools in the United States revealed significant shortcomings. Teachers reported feeling 

constrained by digital platforms that prioritized quantifiable engagement metrics over genuine 

learning experiences, reducing their ability to focus on individualized student support (Reich et 

al., 2020). To address these challenges, the AI Competency Framework for Teachers emphasizes 

that AI should serve to complement—not replace—the professional judgment and autonomy 

of educators. AI Competency Goal CG1.2.3 specifically focuses on building associations between 

human accountability and teachers’ rights, highlighting the evolving roles and responsibilities of 

teachers in an AI-integrated era (UNESCO, 2024). This principle is further reinforced in the Data 

Ethics Framework for Artificial Intelligence in Education, which emphasizes that while AI can 

provide valuable insights and support, it should always enhance rather than override educators’ 

professional judgment (Hong et al., 2022; Holmes et al., 2021).

Several countries have successfully implemented balanced QA approaches that preserve teacher 

autonomy while maintaining high standards. In Estonia, approximately 20% of general education 

teachers undergo digital training each year as part of the government’s broader strategy for AI-

enhanced education, demonstrating a commitment to continuous development and quality 

assurance while preserving teacher agency (Călinescu & Tanasciuc, 2023). Singapore’s QA system 

focuses on supporting teachers’ instructional creativity through frameworks like the Singapore 

Student Learning Space, which provides real-time feedback while allowing teachers to tailor AI 

integration effectively (Lee et al., 2023). Finland’s approach to QA emphasizes teacher-led evaluations 

of AI tools, ensuring alignment with national curriculum goals while maintaining pedagogical 

autonomy. Through extensive digital literacy training, Finland fosters thoughtful AI integration 

that aligns with its commitment to student-centered learning (Laru et al., 2024). Similarly, South 

Korea’s National Strategy for AI prioritizes teacher autonomy by providing AI training as part of 

teacher preparation while maintaining flexibility in tool implementation (Ministry of Science and 

ICT, Republic of Korea, 2019). In China, the Action Plan for Artificial Intelligence Innovation in 

Colleges and Universities actively involves educators in research-led innovation, ensuring that AI 

applications support dynamic classroom needs while maintaining educational standards (Knox, 

2020; MEPRC, 2018).
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Drawing from these international examples, several key approaches emerge for integrating 

quality assurance with teacher autonomy in AI-enhanced pedagogy, as illustrated in Figure 4. 

This conceptual framework visualizes the four main components of AI integration in education, 

showing their interconnected relationships and sub-elements.

Figure 4: Key Approaches for Integrating QA and Teacher Autonomy in AI-Enhanced 
Education

As shown in the framework, four primary approaches work together to support the effective 

integration of AI in education:

1.	  Adaptive Assessment Frameworks: Adaptive assessment frameworks refer to systems 

that dynamically adjust the type and difficulty of assessment tasks in real-time based on 

a student’s performance and needs. These frameworks leverage AI-driven analytics to 

personalize the learning and evaluation process, ensuring that assessments are tailored to 

individual progress while providing meaningful insights for teachers (Fletcher, 2020). QA 

mechanisms should incorporate these AI-driven analytics to provide real-time feedback on 

both teaching effectiveness and student learning outcomes. However, as Cope and Kalantzis 

(2019) emphasize, these frameworks must preserve the role of human judgment, with AI 

used to complement—not replace—teachers’ expertise.

2.	 Innovative, Flexible Assessment Methods: Beyond written outputs, assessment could 

involve AI-aided peer reviews, project-based tasks, and oral presentations to foster creativity 

and critical thinking while also mitigating risks of AI misuse. Such methods align with an 

AI-driven landscape without compromising the authenticity of learning and assessment 

processes.
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3.	  Process-Oriented QA: Focusing QA on teaching processes, rather than solely on outcomes, 

allows for a comprehensive view of how teachers integrate AI in diverse educational settings. 

This approach aligns with Laurillard’s (2012) “teaching as design science,” supporting the 

evaluation of teachers’ pedagogical decisions in AI-rich environments.

4.	 Collaborative Professional Networks: Encouraging peer reviews and professional learning 

communities enables teachers to share best practices and collaboratively develop AI 

standards, fostering a collective responsibility for quality (Akinwalere & Ivanov, 2022; 

Nieveen & Kuiper, 2012).

5.	  Professional Judgment Primacy: AI should support, not dictate, teacher decision-making, 

maintaining teachers’ primary role as facilitators of learning. This approach aligns with 

“human-in-the-loop” AI systems, which emphasize the importance of human oversight in 

AI-driven educational environments (Shneiderman, 2020; Edwards & Fenwick, 2016).

The alignment of quality assurance and teacher autonomy requires thoughtful consideration of 

both institutional needs and pedagogical flexibility. Through strategic implementation of these 

evidence-based approaches and technological solutions, educational institutions can maintain 

high standards while fostering teacher creativity and professional growth. This balanced approach 

recognizes that quality assurance and teacher autonomy are complementary rather than 

contradictory elements in promoting educational excellence.
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Conclusion

The integration of Artificial Intelligence (AI) in education represents a paradigm shift that 

necessitates a fundamental reimagining of teacher education, pedagogical practices, and 

educational systems. This chapter has provided an in-depth analysis of how AI can transform 

education, highlighting its potential to enhance learning outcomes while preserving the critical 

role of human educators. The imperative for integrating AI literacy into teacher education stems 

from the rapid advancement of AI technologies and their potential to significantly alter the 

educational landscape.

Key Insights

•	 Failure to equip educators with necessary AI skills risks marginalizing their role and creating 

dependency on AI systems, as demonstrated by research highlighting the need for systemic 

AI literacy integration (Reich, 2017; Reich & Mehta, 2020; Selwyn, 2019).

•	 Human teaching qualities—empathy, emotional intelligence, creativity, and moral 

reasoning—remain irreplaceable and must be cultivated alongside AI integration (Jennings 

& Greenberg, 2009; Sawyer & Henriksen, 2023).

•	 Systemic reforms in quality assurance frameworks are critical to ensuring equitable and 

meaningful AI-enhanced education, particularly given the inadequacies of traditional 

assessment models (Williamson, 2020; Zawacki-Richter et al., 2019).

The integration must be approached critically, with careful consideration of the ethical 

implications, potential biases, and societal impacts of AI in education (O’Neil, 2016; Noble, 2018). 

Simultaneously, this chapter has emphasized the irreplaceable nature of human qualities in 

teaching, such as emotional intelligence, empathy, creativity, and moral guidance. These attributes, 

which defy algorithmic replication, form the cornerstone of effective pedagogy and meaningful 

student-teacher relationships (Jennings & Greenberg, 2009; Sawyer & Henriksen, 2023).
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Recommendations

Based on the critical analysis presented in this chapter, the following recommendations are 

proposed to guide the integration of AI in teacher education and the broader educational 

ecosystem:

1.	 Comprehensive AI Literacy Integration: 

•	 Develop and implement a comprehensive AI literacy curriculum for both pre-service and 

in-service teacher education programs.

•	 Ensure that this curriculum covers not only technical skills but also critical evaluation of AI 

technologies, ethical considerations, and the societal implications of AI in education.

•	 Regularly update the curriculum to keep pace with rapidly evolving AI technologies and 

their applications in education.

2.	 Cultivation of Human-Centric Teaching Skills: 

•	 Strengthen the focus on emotional intelligence, empathy, creativity, and moral reasoning in 

teacher education programs.

•	 Develop specific training modules and experiential learning opportunities to enhance these 

uniquely human qualities.

•	 Implement ongoing professional development programs that reinforce and further develop 

these skills throughout teachers’ careers.

3.	 Adaptive Quality Assurance Frameworks: 

•	 Design and implement flexible, AI-enhanced quality assurance mechanisms that can capture 

the nuanced impacts of AI-integrated teaching practices.

•	 Ensure these frameworks prioritize process evaluation and teacher decision-making over 

solely outcome-based assessments.

•	 Regularly audit these systems for potential biases and unintended consequences, adjusting, 

as necessary.

4.	 Expansion of Teacher Autonomy: 

•	 Develop policies and structures that grant teachers greater autonomy in curriculum design, 

assessment methods, and the integration of AI tools.
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•	 Provide support systems and resources that enable teachers to experiment with innovative 

AI-enhanced pedagogical approaches.

•	 Implement safeguards to ensure that increased autonomy does not lead to educational 

fragmentation or exacerbate existing inequalities.

5.	 Collaborative AI Integration: 

•	 Establish professional learning communities and peer-review systems focused on sharing 

best practices in AI integration.

•	 Foster partnerships between educational institutions, AI developers, and ethicists to ensure 

the responsible development and implementation of AI technologies in education.

•	 Create platforms for ongoing dialogue between educators, policymakers, and technologists 

to address emerging challenges and opportunities in AI-enhanced education.

6.	 Ethical Framework Development: 

•	 Develop comprehensive ethical guidelines for the use of AI in education, addressing issues 

such as data privacy, algorithmic bias, and the potential exacerbation of educational 

inequalities.

•	 Integrate ethics education into AI literacy programs for teachers, ensuring they can critically 

evaluate and responsibly implement AI technologies.

•	 Establish ethics review boards or committees within educational institutions to oversee the 

implementation of AI technologies and address ethical concerns.

7.	 Equity-Focused Implementation: 

•	 Develop strategies to ensure equitable access to AI technologies and training across diverse 

educational settings.

•	 Implement targeted support programs for under-resourced schools and communities to 

prevent the widening of digital divides.

•	 Regularly assess and address the impact of AI integration on educational equity, adjusting 

implementation strategies as needed.

8.	 Ongoing Research and Evaluation: 

•	 Establish research initiatives to continuously evaluate the impact of AI integration on 

teaching practices, student outcomes, and the overall educational ecosystem.
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•	 Encourage interdisciplinary research collaborations to comprehensively address the complex 

implications of AI in education.

•	 Develop mechanisms for rapid dissemination of research findings to inform policy and 

practice in real-time.

9.	 Adaptive Policy Frameworks: 

•	 Develop flexible educational policies that can accommodate the rapid pace of technological 

change while maintaining core educational values.

•	 Establish mechanisms for regular policy review and adaptation in response to emerging AI 

technologies and their educational applications.

•	 Ensure policy development processes are inclusive, involving diverse stakeholders including 

educators, students, parents, and community members.

10.	 Holistic Student Preparation: 

•	 Develop curricula and teaching strategies that prepare students not only to use AI 

technologies but to critically engage with them.

•	 Integrate discussions of AI ethics, societal impacts, and future implications into broader 

educational curricula.

•	 Foster skills such as creativity, critical thinking, and emotional intelligence that complement 

rather than compete with AI capabilities.

By implementing these recommendations, educational systems can work towards creating a 

balanced, ethical, and effective integration of AI in education. This approach aims to empower 

teachers, enhance learning experiences, and prepare students for a future where human capabilities 

and AI technologies coexist and complement each other. However, it is crucial to approach this 

implementation with ongoing critical reflection, always keeping the core values of education and 

the irreplaceable role of human educators at the forefront of our considerations.
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Abstract

This study investigates the impact of gamification on student motivation and engagement in STEM 

education among middle school students. A total of 300 students (aged 11–14) from six public 

and private schools in Srinagar District, Jammu & Kashmir, India, were surveyed, alongside 30 

STEM teachers, to explore the practical challenges of integrating gamification. Utilizing a mixed-

methods approach, the research combines quantitative survey data and qualitative focus group 

discussions to assess how gamification elements—such as challenges, leaderboards, and real-time 

feedback—influence student behaviour.

Thematic analysis of focus group discussions revealed key themes related to motivation, 

engagement, technology access, and challenges. Diverse perspectives were ensured by selecting 

participants based on gender, socio-economic background, and technological access. Quantitative 

analysis, including t-tests, pre-test and post-test comparisons, and ANOVA, showed significant 

improvements in student motivation and engagement, with strong positive correlations between 

gamification elements and behavioural outcomes.

The findings demonstrate that gamification enhances motivation and engagement, particularly 

through competitive and collaborative mechanics, while identifying barriers such as technology 

access, teacher time constraints, and sustaining long-term interest. The study emphasizes the need 

for well-designed gamification strategies, equitable access to technology, and teacher training to 

optimize gamified learning in STEM education.

Keywords: Gamification, STEM education, student motivation, student engagement, technology 

access, game mechanics



203

The rapid advancement of digital technologies has led to significant transformations in the 

educational landscape, particularly in Science, Technology, Engineering, and Mathematics (STEM) 

education. STEM education, which aims to equip students with the skills necessary for success in an 

increasingly technology-driven world, often faces challenges in maintaining student interest and 

motivation. Research shows that many middle school students experience a decline in interest in 

STEM subjects due to the perceived difficulty and abstract nature of the material (Gokhale, 2021). 

As these subjects become more complex, students often struggle to relate theoretical concepts to 

real-world applications, resulting in a loss of enthusiasm. To address this issue, innovative teaching 

strategies, such as gamification, have gained attention for their potential to increase motivation 

and engagement in STEM education.

Gamification, the process of applying game-like elements in non-game contexts, has been widely 

recognized as an effective tool for enhancing student engagement. In the context of education, 

gamification leverages elements such as points, badges, leaderboards, feedback and challenges to 

create an interactive and enjoyable learning environment (Deterding et al., 2011). By incorporating 

these elements, educators can transform traditional teaching methods into more dynamic and 

engaging experiences. In STEM education, gamification can help make complex topics more 

accessible by providing students with opportunities to explore, experiment, and apply knowledge 

in an interactive setting. Moreover, by integrating competition or collaboration into learning 

activities, gamification encourages students to take a more active role in their education, which 

can lead to increased motivation and better learning outcomes (Kapp, 2012).

NASA’s Game-Based Learning Initiative - “Space Science Investigations: Plant Growth”

In this paper, we will be discussing NASA’s “Space Science Investigations: Plant Growth”  - an 

educational game designed to engage middle school students in STEM through a gamified learning 

experience. The game transports students to a virtual environment replicating the International 

Space Station (ISS), where they take on the role of an astronaut conducting experiments on plant 

growth in microgravity. This initiative aims to bridge theoretical STEM concepts with real-world 

applications, sparking curiosity and promoting active learning.

Key Gamification Features and Implementation

•	 Missions and Challenges: The game is structured around a series of missions that mimic the 

tasks real astronauts perform. Students must complete challenges such as calibrating growth 

chambers, maintaining optimal environmental conditions, and analysing plant growth data. 
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These tasks align with key STEM principles in biology, physics, and environmental science.

	� Example: In one mission, students calculate light intensity and water requirements for 

plants, applying basic math and physics concepts in a simulated environment.

•	 Real-Time Feedback and Progression: Immediate feedback is integrated into the game 

to guide players through experimental procedures. Incorrect actions prompt hints or 

explanations, fostering a learn-by-doing approach. As students successfully complete tasks, 

they unlock new challenges that gradually increase in complexity, building their confidence 

and skills over time.

•	 Achievements, Points, and Leaderboards: To enhance engagement, the game employs 

reward systems such as badges for successful missions and leaderboards that foster healthy 

competition. These features encourage students to strive for higher scores while collaborating 

with peers to compare strategies.

•	 Narrative and Storytelling: The game incorporates an overarching storyline where players 

contribute to critical research for future Mars missions. This narrative adds purpose to the 

tasks, helping students connect their learning to larger goals in space exploration.

Outcomes and Impact 

The initiative has demonstrated substantial success in motivating students and improving their 

engagement with STEM topics:

•	 Increased Interest in STEM Careers: Students reported heightened curiosity about careers 

in space science and engineering, particularly after learning how their gameplay mirrored 

real astronaut responsibilities.

•	 Enhanced Conceptual Understanding: Teachers observed improvements in students’ 

grasp of scientific concepts like photosynthesis, gravity, and the challenges of sustaining life 

in space.

•	 Collaboration and Problem-Solving Skills: Group activities within the game promoted 

teamwork, critical thinking, and innovative approaches to problem-solving.

Teacher Feedback and Adaptability

Educators praised the program for its adaptability to diverse learning environments, allowing 

integration into both traditional and flipped classroom models. The game’s design also 

accommodates different learning paces, making it inclusive for students with varying levels of 

technological access and prior knowledge.
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Long-Term Engagement: NASA extended the game’s reach by organizing related activities, such 

as “Mission Week” events where students presented their ISS experiments in a gamified science 

fair. These real-world connections helped sustain interest in STEM beyond the classroom.

Lessons for Future Gamification Initiatives

This example highlights the importance of:

•	 Designing gamified learning experiences that align with real-world STEM applications.

•	 Integrating narrative elements to give students a sense of purpose.

•	 Using progressive challenges to maintain long-term engagement.

•	 Ensuring the game is accessible to diverse learners.

By successfully blending gamification with educational goals, “Space Science Investigations” serves 

as a model for how well-designed initiatives can inspire a new generation of STEM learners.

Decline in Interest in STEM and Its Impact on Long-Term Career Pathways

A decline in interest in STEM (Science, Technology, Engineering, and Mathematics) fields during 

school years can have significant implications for long-term career pathways, both at an individual 

and societal level. Reduced engagement in STEM subjects often translates into fewer students 

pursuing these fields in higher education and eventually in the workforce, thereby creating a ripple 

effect that affects innovation, economic growth, and global competitiveness.

Impact on Individual Career Opportunities

Students who lose interest in STEM early are less likely to develop the foundational skills needed 

for careers in high-demand sectors such as technology, healthcare, and engineering (Fayer, Lacey, & 

Watson, 2017). This limits their access to lucrative, fulfilling, and future-oriented careers. Research 

shows that by the age of 15, students’ interest in STEM is a strong predictor of their likelihood to 

pursue STEM degrees in higher education (Wang, 2013).

Moreover, lack of exposure to and interest in STEM-related problem-solving and critical thinking 

skills can reduce individuals’ adaptability to an increasingly tech-driven job market (National 

Academies of Sciences, 2018). As emerging industries like artificial intelligence, biotechnology, 

and renewable energy grow, individuals outside STEM may find fewer opportunities to participate 

meaningfully in these fields.
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Workforce and Economic Impacts 

The decline in interest in STEM also contributes to a persistent skills gap in STEM professions. 

Projections indicate that millions of STEM jobs could remain unfilled in the coming decades 

due to a shortage of qualified workers (U.S. Bureau of Labour Statistics, 2021). This shortage 

can impede technological innovation and reduce national competitiveness on the global stage, 

particularly in industries that drive economic growth, such as aerospace, cybersecurity, and 

advanced manufacturing.

Countries with declining STEM participation face challenges in addressing critical societal issues, 

such as climate change, public health crises, and energy sustainability. For example, the lack of a 

sufficient workforce trained in renewable energy technology could slow the transition to green 

energy solutions, delaying progress toward climate goals (OECD, 2020).

Social Equity and Inclusion

The decline in STEM interest disproportionately affects underrepresented groups, including 

women, minorities, and students from low-income backgrounds. This exacerbates existing 

inequalities and reduces diversity in STEM professions, where diverse perspectives are essential for 

innovation and problem-solving (Dasgupta & Stout, 2014). A lack of interest in STEM among these 

groups may stem from limited access to resources, mentorship, or culturally relevant curricula, 

further perpetuating the cycle of underrepresentation.

Strategies to Mitigate the Decline

Efforts to reverse this trend include implementing engaging pedagogies such as gamification, 

fostering early exposure to STEM careers, and providing equitable access to STEM resources. 

Programs that integrate real-world applications of STEM concepts, mentorship opportunities, and 

support for underrepresented students have shown promise in rekindling interest and diversifying 

the pipeline (Wang, 2013; National Academies of Sciences, 2018).

The decline in interest in STEM education has profound implications for career pathways, 

innovation, and societal progress. Addressing this challenge requires systemic changes in 

educational practices, increased investments in STEM resources, and a commitment to fostering 

diversity in these fields.
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Gamification in STEM Education

Gamification in STEM education can be implemented through two primary approaches: 

competitive and collaborative games. Each approach plays a distinct role in enhancing student 

motivation and interest, depending on the desired learning outcomes and classroom dynamics.

Competitive games in STEM education rely on individual or group competition to motivate 

students to achieve specific goals. By introducing elements such as leaderboards, points, and time-

based challenges, competitive games encourage students to outperform their peers, leading to a 

sense of achievement and recognition. For example, students may compete to solve complex math 

problems or complete science experiments, earning points for accuracy and speed. This type of 

gamification is particularly effective for students who are motivated by personal accomplishment 

and external rewards (Anderson, 2020). However, while competition can drive performance, it may 

also increase pressure and anxiety for some students, which could hinder long-term engagement 

if not carefully managed.

On the other hand, collaborative games emphasize teamwork and shared learning experiences. In 

collaborative gamification, students work together to solve problems, complete tasks, or achieve 

common goals. This approach fosters critical thinking, communication, and problem-solving skills, 

as students are encouraged to pool their knowledge and resources to succeed. Collaborative games 

are especially beneficial in STEM education, where group-based projects and problem-solving 

activities are often used to simulate real-world engineering or scientific challenges (Johnson & 

Johnson, 2019). For example, students may work together to design a simple machine in a physics 

class, combining their individual skills to complete the project. By emphasizing cooperation over 

competition, collaborative gamification promotes a supportive learning environment where 

students can build confidence and learn from one another.

Gamification in STEM Classrooms

In STEM classrooms, gamification can be used in various formats, including digital games, 

classroom-based activities, and hybrid approaches that combine both physical and digital 

elements. Digital games, often accessed through applications or online platforms, allow students 

to engage with STEM content in a virtual environment. These games can include simulations 

of scientific experiments, coding challenges, or mathematical puzzles, providing students with 

immediate feedback and opportunities for trial and error (Gee, 2013). For instance, an application-

based game might task students with building virtual bridges using engineering principles, offering 

points and badges for completing different levels.



208

Classroom-based gamification, on the other hand, can involve physical games and activities 

that encourage students to engage with STEM concepts in a hands-on manner. For example, 

a classroom might implement a “Math Race” where students solve problems on a whiteboard 

while racing against their peers, or a “STEM Puzzle Challenge” where teams work together to solve 

engineering puzzles (Lee & Hammer, 2011). Hybrid games, which blend both physical and digital 

elements, allow students to move between different types of learning environments seamlessly, 

reinforcing their understanding through multiple modes of interaction.

Competitive and collaborative gamification methods have been widely studied and implemented 

in educational settings, demonstrating their effectiveness in enhancing student engagement and 

learning outcomes. For instance, Dichev and Dicheva (2017) highlight that leaderboards and 

point-based systems, hallmarks of competitive gamification, often motivate students to improve 

performance by fostering a sense of achievement and rivalry. In a real-world example, a study 

conducted by Domínguez et al. (2013) found that incorporating competitive game elements into 

an online learning platform led to a 20% increase in student engagement and completion rates.

On the collaborative side, the implementation of team-based challenges in gamified STEM 

classrooms has also shown significant benefits. Kuo and Hwang (2014) examined a gamified 

mobile learning platform where students worked in teams to solve problems and achieve shared 

goals. This approach not only improved their understanding of complex scientific concepts but 

also enhanced their communication and teamwork skills. Similarly, real-world applications like the 

“Foldit” game, where users collaboratively solved protein-folding puzzles, exemplify how gamified 

collaboration can lead to scientific breakthroughs while engaging participants in STEM learning 

(Cooper et al., 2010).

Moreover, a meta-analysis by Hamari, Koivisto, and Sarsa (2014) underscores the importance of 

blending competitive and collaborative elements to cater to diverse motivational needs. While 

some students thrive in competitive environments, others are more motivated by opportunities to 

collaborate and share knowledge. This dual approach ensures broader engagement and inclusivity 

in gamified learning environments.

Incorporating both competitive and collaborative strategies allows educators to leverage the 

strengths of gamification while addressing the varied needs of learners, thereby enhancing both 

motivation and educational outcomes. It is pertinent to mention here, not all students benefit 

equally from competitive gamification, as its effectiveness can vary depending on individual 
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characteristics and contextual factors. Research indicates that while many students find 

competition engaging, others may experience anxiety or disengagement in such environments.

Benefits & Challenges for Students

Competitive gamification often appeals to students with high intrinsic motivation or a natural 

inclination for rivalry. These students may thrive on leaderboards, points, and challenges, 

finding them motivating and rewarding. For example, Dichev and Dicheva (2017) reported that 

competitive game mechanics significantly enhanced the engagement of high-performing students, 

as they enjoyed the recognition and validation of their efforts.

However, some students, particularly those with lower confidence, introverted personalities, or 

limited academic abilities, may feel overwhelmed or discouraged by competition. According to 

Huang and Hew (2021), competitive gamification can sometimes lead to stress or fear of failure, 

especially among students who consistently rank lower on leaderboards. This can undermine their 

motivation and engagement, creating an uneven playing field.

Gender differences also play a role. Bai et al. (2020) found that boys often respond more positively 

to competitive elements than girls, who may prefer collaborative or cooperative activities. This 

suggests that relying solely on competitive gamification could unintentionally marginalize certain 

groups.

To address these disparities, educators are encouraged to adopt a balanced approach that 

incorporates both competitive and collaborative gamification. Collaborative activities, such as 

team-based challenges or shared goals, provide an alternative for students who find competition 

stressful. Additionally, offering personalized or adaptive competition—where students compete 

against their own past performance rather than others—can create a more inclusive environment. 

By recognizing and addressing the diverse needs of learners, educators can ensure that gamification 

benefits all students equitably while minimizing potential drawbacks.
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Conceptual and theoretical framework

Gamification is rooted in several theoretical frameworks that explain its potential to enhance 

motivation and engagement. One such framework is Self-Determination Theory (SDT), which 

posits that individuals are motivated to engage in activities when their basic psychological needs 

for autonomy, competence, and relatedness are met (Deci & Ryan, 2000). Gamified environments 

often provide opportunities for students to make autonomous choices, master challenges, and 

connect with their peers, thereby fulfilling these needs.

•	 Self-Determination Theory and Gamification Techniques: The theory emphasizes three 

core needs: autonomy, competence, and relatedness (Deci & Ryan, 2000). Gamification 

techniques that align with these needs include:

•	 Autonomy: Allowing students to choose their own pathways in gamified learning 

environments fosters a sense of control. For instance, in a gamified STEM course, students 

might select between projects like coding a game or designing a virtual city. This choice 

supports their intrinsic motivation (Deci & Ryan, 2012).

•	 Competence: Leaderboards and skill-based challenges help students track their progress 

and gain a sense of achievement. For example, in Kahoot!, quizzes dynamically adjust 

difficulty based on students’ performance, enabling them to feel capable while continuously 

improving (Sailer et al., 2017).

•	 Relatedness: Collaborative activities, such as team quests or group-based challenges, build 

social connections. An example is Minecraft: Education Edition, where students collaborate 

to solve STEM problems, fostering relationships and teamwork (Hamari et al., 2014).

In addition, Flow Theory, developed by Csikszentmihalyi (1990), provides valuable insights into 

how gamification enhances engagement in education. Flow is achieved when individuals are 

deeply immersed in an activity, experiencing a balance between challenge and skill while receiving 

immediate feedback. Gamified learning environments leverage these principles through features 

such as progressively challenging tasks and real-time feedback, enabling students to enter a flow 

state and sustain high levels of motivation and engagement. This alignment makes gamification a 

powerful tool for fostering immersive and effective learning experiences.
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Flow Theory and Gamification Techniques

Flow Theory posits that learners achieve deep engagement when tasks are appropriately challenging 

and intrinsically rewarding (Csikszentmihalyi, 1990). Techniques promoting flow include:

•	 Progressive Difficulty: Games like Duolingo gradually increase challenge levels, matching 

students’ growing skills to maintain their engagement without causing anxiety or boredom 

(Csikszentmihalyi, 1997).

•	 Clear Goals and Immediate Feedback: Providing students with explicit objectives and 

instant feedback ensures they stay focused and aware of their progress. For instance, Scratch 

programming tools for STEM projects offer real-time debugging feedback, aligning with 

flow principles (Plass et al., 2015).

•	 Immersive Storylines: Narrative-driven gamification can create immersive learning 

experiences. For example, “Mission to Mars” quests in STEM courses immerse students in a 

storyline where they solve challenges like designing sustainable habitats, maintaining flow 

by embedding them in an engaging context (Kiili et al., 2012).

The integration of Self-Determination Theory (SDT) and Flow Theory in gamification provides a 

robust framework for designing educational experiences that foster motivation, engagement, and 

optimal learning states. Specific gamification techniques align closely with these theories, offering 

practical insights into their application in education.

The conceptual framework for this study integrates these theories to examine the role of 

gamification in STEM education. The framework posits that by incorporating game elements such 

as points, challenges, and rewards, educators can enhance students’ intrinsic motivation, leading 

to higher levels of engagement and ultimately, improved learning outcomes. The interaction 

between gamification, motivation, and engagement in middle school students will be central to 

this study.

This study aims to investigate how gamification influences student motivation and engagement 

in middle school of Srinagar in Union territory of Jammu and Kashmir India STEM classrooms, 

focusing on the effectiveness of specific game-design elements in enhancing students’ interest 

and participation in these subjects. By examining this problem, the study seeks to provide 

educators with insights into how gamified learning environments can be optimized to address 

the engagement gap in STEM education.



212

Statement of The Problem

Previous research on gamification in education has largely focused on its applications in higher 

education or general classroom settings, with limited attention to middle school STEM education. 

Studies have demonstrated the potential of gamification to enhance motivation and engagement 

by incorporating elements like challenges, badges, and leaderboards (Dichev & Dicheva, 2017; 

Hamari et al., 2014). However, there remains a notable gap in empirical evidence addressing how 

gamification specifically impacts the unique developmental and cognitive needs of middle school 

students within STEM disciplines.

Middle school students are at a critical stage of forming attitudes toward STEM, which significantly 

influence their future academic and career choices (Bøe et al., 2011). Previous studies have often 

lacked a focus on the diverse socio-economic and technological contexts that can shape students’ 

responses to gamification.

Middle school students often face challenges in maintaining consistent motivation and engagement 

in Science, Technology, Engineering, and Mathematics (STEM) education. Research has shown that 

this age group frequently experiences a decline in interest in STEM subjects due to the perception 

that they are difficult, abstract, and disconnected from real-world applications (DeJarnette, 2018). 

This disengagement can have long-term consequences, such as reduced participation in advanced 

STEM courses and a diminished likelihood of pursuing STEM-related careers (Maltese & Tai, 2011).

Gamification, which involves integrating game elements such as points, badges, leaderboards, 

and challenges into learning environments, has emerged as a potential strategy to mitigate this 

problem. Studies suggest that gamification can enhance student motivation and engagement 

by making learning more interactive, competitive, and enjoyable (Kapp, 2012). However, while 

the positive effects of gamification on learning outcomes have been widely discussed, there is 

still limited empirical evidence on its specific impact on middle school students’ motivation and 

engagement in STEM education (Hamari et al., 2014).

The study addresses the identified gap in empirical evidence by focusing specifically on the 

application of gamification in middle school STEM education, a critical stage where foundational 

skills and interests in STEM subjects are developed. While existing research highlights the potential 

of gamification to enhance learning outcomes, much of this evidence is either theoretical or 

concentrated on higher education and adult learning contexts (Hamari et al., 2014; Seaborn & 

Fels, 2015).
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This research provides empirical data by employing a mixed-methods approach that integrates 

quantitative surveys, pre-test and post-test evaluations, and qualitative focus group discussions. 

The inclusion of a diverse sample of 300 students and 30 STEM teachers ensures representation 

across socio-economic and educational contexts, addressing the need for context-specific insights 

into gamification’s effectiveness in middle school environments.

By analysing specific gamification elements, such as challenges, leaderboards, and real-time 

feedback, the study evaluates not only the overall impact on student motivation and engagement 

but also uncovers nuanced interactions between gamification and variables like gender, socio-

economic status, and technological access. This detailed exploration bridges the gap between 

theoretical possibilities and practical implementation in middle school STEM education, offering 

actionable insights for educators and policymakers.

Furthermore, the study contributes to the literature by identifying and addressing challenges 

such as sustaining motivation, equitable technology access, and teacher readiness, which are 

often overlooked in discussions about gamification. These findings provide a comprehensive 

understanding of how gamification can be effectively integrated into STEM curricula, setting a 

foundation for future research in similar contexts.

Literature review

The integration of gamification in STEM education has gained considerable attention as an 

innovative pedagogical approach to enhance student motivation and engagement. This review 

explores the existing literature, organized thematically to highlight the comparative effects of 

competitive versus collaborative gamification and short-term versus long-term impacts on 

learning outcomes.

Competitive Versus Collaborative Gamification

•	 Competitive Gamification: Several studies have examined the role of competitive 

gamification elements, such as leaderboards and points systems, in promoting student 

motivation. For instance, Dichev and Dicheva (2017) found that leaderboards incentivize 

students by fostering a sense of achievement and recognition, leading to increased 

participation in STEM activities. Similarly, Sailer et al. (2021) demonstrated that competitive 

gamification boosts intrinsic motivation, particularly among high-achieving students, by 

tapping into their desire for mastery. However, these studies also caution that excessive 

competition may lead to stress or disengagement among less-competitive students (Buckley 

& Doyle, 2017).
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•	 Collaborative Gamification: Conversely, collaborative gamification strategies emphasize 

teamwork and social interaction. Zainuddin et al. (2020) found that team-based challenges 

and cooperative tasks significantly improve engagement by encouraging peer learning and 

communication. Similarly, Hainey et al. (2022) demonstrated that collaborative gamification 

enhances problem-solving skills and fosters a sense of community within STEM classrooms. 

Unlike competitive models, collaborative approaches tend to benefit a broader range of 

students, including those who may struggle academically (Liu et al., 2021).

Short-Term Versus Long-Term Effects of Gamification

•	 Short-Term Effects: Many studies focus on the immediate impact of gamification on 

student engagement and motivation. For example, Hamari et al. (2016) reported a marked 

increase in participation and enjoyment during gamified interventions lasting 4-6 weeks. 

Similarly, Banfield and Wilkerson (2019) found that gamified STEM lessons improve student 

focus and enthusiasm in the short term by making learning more interactive and enjoyable.

•	 Long-Term Effects: Research on the sustained impacts of gamification is relatively limited 

but growing. Landers et al. (2020) argue that long-term gamification strategies, such as 

“level-up” systems and progressive challenges, can foster deeper engagement by aligning 

game mechanics with cumulative learning goals. Additionally, Chou (2021) highlights that 

long-term gamification promotes the development of self-regulation and perseverance in 

STEM subjects. However, some studies, like Seaborn and Fels (2015), suggest that the novelty 

of gamification may wear off over time, necessitating continuous innovation in game design 

to maintain student interest.

Integration Challenges and Equity Considerations:

•	 Equity is another area of concern in gamification research. While gamified learning 

environments are often celebrated for their universal appeal, studies indicate that socio-

economic disparities and varying levels of technological access can create inequities in 

outcomes (da Silva et al., 2021). Studies have also explored barriers to implementing 

gamification in STEM classrooms. Bai et al. (2019) identified technological disparities as 

a significant challenge, with schools in under-resourced areas often lacking access to the 

tools necessary for gamified learning. Additionally, Huang and Soman (2020) emphasize the 

importance of aligning gamification elements with curriculum objectives to ensure they 

enhance rather than distract from learning outcomes.
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Gaps in the Literature

While the literature provides valuable insights into the benefits and challenges of gamification, 

gaps remain in understanding its differential impacts across diverse student populations.  Despite 

these promising findings, gaps and debates persist in the literature. One critical gap concerns the 

long-term sustainability of gamification’s effects on student motivation. While much of the existing 

research focuses on short-term outcomes (Hamari et al., 2014; Landers, 2015), there is limited 

understanding of how gamification influences students’ motivation and engagement over time. 

Furthermore, there is insufficient empirical evidence addressing the specific challenges educators 

face when integrating gamification into real-world classrooms, especially in resource-constrained 

environments (Koivisto & Hamari, 2020). Debates around scalability remain unresolved. While 

Alharthi et al. (2022) propose frameworks for scaling gamification in diverse educational contexts, 

the feasibility of such frameworks in middle school STEM classrooms remains largely theoretical.

This study seeks to address these gaps and contribute to the ongoing debates by providing 

a comprehensive analysis of gamification’s impact on middle school STEM education. It 

investigates both the immediate and long-term effects of gamification on motivation and 

engagement. Furthermore, the study explores the practical challenges educators encounter when 

implementing gamification, offering insights into its applicability across varying socio-economic 

and technological contexts. By examining a diverse sample of students and teachers, the research 

sheds light on equity issues, proposing strategies to make gamified learning environments more 

inclusive. Finally, this study provides empirical evidence on the scalability of gamification, offering 

actionable recommendations for sustainable and equitable implementation in middle school 

STEM education.

Objectives of the study

The objectives has been formed on the basis of the review of the related literature and are as 

follows:

•	 Objective 1: To examine the impact of gamification on student motivation in STEM 

education among middle school students.

•	 Objective 2: To investigate the influence of gamification on student engagement in STEM 

subjects among middle school students.

•	 Objective 3: To identify the most effective gamification elements that contribute to 

improved motivation and engagement in STEM education among middle school students.
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•	 Objective 4: To analyse the potential challenges and limitations of integrating gamification 

in middle school STEM classrooms.

Research questions

The research questions have been formulated on the basis of the objectives of the study and on 

the basis of the review of the related literature and are as follows:

1.	 How does gamification influence student motivation and engagement in STEM education 

among middle school students?

2.	 Which gamification elements most effectively improve motivation and engagement in 

STEM subjects among middle school students?

3.	 What challenges do students and teachers face in implementing gamified STEM education 

among middle school students?

4.	 What are the potential challenges and limitations of integrating gamification in middle 

school STEM classrooms.

Definition of key terms used in the study

In the study several key terms are essential for understanding the research framework and 

outcomes. 

These terms, related to gamification, motivation, and engagement, are defined as follows:

•	 Student Motivation: Student Motivation refers to the internal drive or external incentives 

that influence students’ willingness to participate in learning activities. In this study, 

motivation is measured in terms of students’ enthusiasm and persistence in engaging with 

STEM subjects through gamified elements.

•	 Student Engagement: Student Engagement refers to the level of attention, curiosity, 

interest, and involvement students exhibit in the learning process. Engagement is a multi-

dimensional construct that includes behavioural, emotional, and cognitive components 

(Fredricks, Blumenfeld, & Paris, 2004). In this study, student engagement is measured as the 

extent to which students actively participate in STEM activities facilitated by gamification 

techniques.
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	� Behavioural Engagement: Behavioural Engagement involves the observable actions and 

behaviours that indicate students’ participation in academic tasks and learning activities. 

It includes attendance, involvement in classroom discussions, submission of assignments, 

and on-task behaviour (Finn & Zimmer, 2012). In the context of gamification, behavioural 

engagement could be seen in students’ participation in activities such as completing 

challenges or striving to earn badges and points.

	� Emotional Engagement: Emotional Engagement refers to the positive or negative 

emotional reactions students experience during the learning process. It includes feelings 

of interest, excitement, or frustration. Emotional engagement in this study relates to how 

students emotionally respond to gamified STEM tasks, such as whether they find the 

challenges fun, rewarding, or frustrating (Skinner & Belmont, 1993).

	� Cognitive Engagement: Cognitive Engagement refers to the level of mental effort and 

investment students put into learning. It involves deeper learning strategies such as 

critical thinking, problem-solving, and self-regulation. In this study, cognitive engagement 

is evaluated by how actively students think and reflect during gamified STEM activities, 

showing an intellectual investment in solving problems (Greene et al., 2004).

Gamification Elements

•	 Gamification Elements are the game-like components integrated into non-game settings 

to motivate users and engage them in particular tasks. In education, these elements are used 

to create a game-like environment that enhances learning. In this study, key gamification 

elements include points, badges, leaderboards, challenges, and feedback (Deterding et al., 

2011).

•	 Points: Points are a gamification element that serves as a reward system. Students earn 

points by completing tasks, solving problems, or participating in activities. Points provide 

immediate feedback on performance and can motivate students by quantifying their 

progress (Sailer et al., 2017). In STEM education, points can be awarded for solving math 

problems, completing science experiments, or engaging in class discussions

•	 Badges: Badges are visual symbols of achievement, awarded to students for reaching specific 

milestones or completing certain tasks. They represent accomplishments and can serve 

as extrinsic motivators for students to reach higher levels of achievement (Abramovich, 

Schunn, & Higashi, 2013). For example, a student might earn a “Science Explorer” badge for 

successfully completing a series of biology-related challenges.
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•	 Leaderboards: Leaderboards display the ranking of students based on their performance, 

typically by showing the number of points accumulated. Leaderboards create a competitive 

environment where students can compare their progress with peers. This element can 

increase motivation, particularly for students who thrive in competitive settings (Domínguez 

et al., 2013).

•	 Challenges: Challenges in gamification are tasks or problems that students must solve 

to earn rewards, such as points, badges, or advancement to the next level. Challenges are 

designed to stimulate learning by pushing students to apply knowledge, think critically, and 

solve problems creatively (Hamari et al., 2016). In STEM education, challenges may include 

solving complex equations, building models, or conducting experiments.

•	 Feedback: Feedback is a critical component of gamification that provides students with 

information on their performance, either in real-time or after completing tasks. Feedback 

helps guide students toward improvement, highlighting areas of strength and areas needing 

attention. In a gamified STEM environment, feedback can be delivered through points 

earned, badges awarded, or verbal or written comments from teachers (Shute, 2008).

Research methodology

Research methodology is a systematic way to explore the research problem. It offers a variety 

of steps to carry out the study in a systematic and a logical way (Nadaf, Z. A. & Siddiqui, M. S. 

2017). The research methodology offers the details about what, where, when, how much and by 

what means investigation is initiated. The research must be planned and designed carefully so that 

the researcher precedes ahead without getting confused at the subsequent steps of research. The 

methodology for this study employs a mixed-methods approach, combining both quantitative and 

qualitative research techniques to provide a comprehensive analysis of the impact of gamification 

on student motivation and engagement in STEM education.

Research Design

The research design is the conceptual structure within which research is conducted; it constitutes 

the blueprint for the collection, measurement and analysis of data. (Nadeem, Basu & Nadaf 2017). 

(see image 1) Research design stands for advance planning of the methods to be adopted for 

collecting the relevant data and the techniques to be used for their analysis.

The study employs a quasi-experimental, mixed-methods research design. In mixed method 

convergent parallel mixed-methods design, which allows for the simultaneous collection and 

analysis of both quantitative and qualitative data. 
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The quasi-experimental design was chosen for this study due to its suitability in evaluating the 

impact of gamification in real-world educational settings, unlike true experimental designs, 

which require randomized control and treatment groups. The quasi-experimental approach 

allowed the study to maintain the integrity of existing classroom structures. Therefore, middle 

school classrooms, as naturally occurring groups having diverse participants from different socio-

economic backgrounds and varying levels of technological access, reflecting the heterogeneity of 

the student population in Srinagar District UT of Jammu & Kashmir India. 

Image 1: Flowchart representing the 7-step research process

The study focuses on the middle school STEM education context, utilizing gamification techniques 

such as points systems, leaderboards, badges, and challenges within classroom activities to 

encourage learning.

Sampling and Sample Selection

The impediments which came in studying of the entire population are cost, time and other factors. 

It is not possible to collect data from every respondent relevant to our study, but only from some 

fractional part of the respondents. This process of selecting the fractional part is called sampling 

(Nadaf 2019).

The sample comprised 300 middle school students from six public and private schools of Srinagar 

District (Jammu & Kashmir India), aged 11-14 years, who were enrolled in STEM-related courses. 
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The participants were selected using a simple random sampling technique to ensure diversity in 

background and academic achievement levels, ensuring that the findings could be generalized to 

a broader population. The schools were selected based on technological accessibility, willingness 

to participate, and diversity in terms of socio-economic backgrounds, aiming to provide a 

representative sample of middle school students in the region. Additionally, 30 STEM teachers 

are surveyed to gather insights into the practical challenges of implementing gamification in the 

classroom.

The inclusion criteria required that students had no prior experience with gamified learning tools 

in their regular STEM classes. Teachers involved in STEM education were also included in the 

study to provide insights on how gamification influenced classroom dynamics and instructional 

practices. A total of 30 teachers participated, each implementing gamification techniques over 

the course of the semester.

Data Collection Process

The data collection process was carefully designed to capture both quantitative and qualitative 

insights. This mixed-methods approach ensured a comprehensive understanding of how 

gamification impacts student motivation and engagement in STEM subjects. The data was 

collected at multiple points to track changes in student behaviour and perceptions over time.

The quantitative data focused on measuring changes in student motivation and engagement 

levels before and after implementing gamification in the STEM curriculum. The process involved 

the following steps:

As for data collection instruments, standardised structured questionnaires were used to collect 

the quantitative data. Teacher responses were gathered using a separate questionnaire, addressing 

challenges, time constraints, and observations of student behaviour. There were two questionnaires:

•	 Student Motivation in STEM Questionnaire (SMSQ): A modified version of the Science 

Motivation Questionnaire (SMQ-II) was used to assess students’ motivation toward learning 

STEM subjects. The questionnaire includes Likert-scale items measuring dimensions such as 

(interest, autonomy, competence, and relatedness).

•	 Engagement Questionnaire: To measure student interest, a standardised engagement 

Questionnaire was used to measure the interest the students in STEM subjects. The 

questionnaire measures the behavioural, emotional, cognitive behaviours and the perceived 
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effectiveness of gamification elements on a 5-point Likert scale Engagement was scored on 

a scale from 1 (low engagement) to 5 (high engagement).

Validity of the Questionnaires

The validity of a questionnaire refers to its ability to measure what it is intended to measure 

accurately and comprehensively. A valid questionnaire ensures that the data collected reflects the 

true characteristics or constructs under investigation. To ensure the validity and reliability of the 

questionnaires used in the study, the following steps were undertaken:

•	 Content Validity: Experts in STEM education and gamification were consulted to review 

the questionnaire items for relevance, clarity, and alignment with the research objectives. 

Their feedback was used to refine the items, ensuring they adequately measured student 

motivation, engagement, and the impact of gamification.

•	 Construct Validity: A pilot test was conducted with 50 middle school students and 10 

STEM teachers who were not part of the main study sample. Factor analysis was performed 

on the pilot data to verify that the items grouped logically under their intended constructs 

(e.g., behavioural, emotional, and cognitive engagement).

Reliability of the Questionnaires 

The reliability of a questionnaire refers to its ability to consistently produce the same results 

under similar conditions. A reliable questionnaire ensures that the data collected is stable, 

dependable, and replicable over time. To ensure reliability of the questionnaires used in the study, 

the following steps were undertaken:

•	 Internal Consistency: Cronbach’s alpha was calculated for each subscale of the questionnaire 

to measure internal consistency. Values above 0.70 indicated acceptable reliability for all 

constructs.

•	 Test-Retest Reliability: The questionnaire was administered twice to a subset of participants 

from the pilot group with a two-week interval. High correlation coefficients (above 0.80) 

between the two administrations demonstrated stability over time.

•	 Face Validity: Feedback was sought from a sample of students and teachers to ensure that 

the language and format of the questionnaire were accessible and easy to understand. Minor 

adjustments were made based on their input to improve clarity.
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These measures ensured that the questionnaire was both a reliable and valid tool for assessing the 

impact of gamification on motivation and engagement in STEM education.

A pre-test was administered at the start of the study to establish baseline levels of student motivation 

and engagement. The pre-test data reflect the students’ attitudes, behaviours, and commitment 

levels under traditional STEM instructional methods, without the influence of gamified elements. 

This was done through a structured questionnaire that included scales measuring motivation 

(intrinsic and extrinsic), as well as various dimensions of engagement (behavioural, emotional, 

and cognitive). 

After the gamified learning intervention, a post-test was administered after the 12-week 

gamification intervention to assess any changes in motivation and engagement. During this 

period, various gamification techniques, such as points systems, badges, and leader-boards, were 

integrated into the STEM curriculum to stimulate student interest and active participation. 

This allowed the research team to compare pre-test and post-test scores, identifying any shifts 

attributable to the gamification elements.

To supplement the quantitative findings, qualitative data was collected to provide a deeper 

understanding of students’ experiences and the factors influencing their motivation and 

engagement. The qualitative approach provided rich, descriptive insights that complemented the 

numerical data.

Focus Group Discussions (FGDs) were also conducted. To ensure a diversity of perspectives in 

the focus group discussions, participants were carefully selected based on a range of criteria 

reflecting the varied demographics of the study sample. The student participants represented a 

mix of gender, socio-economic backgrounds, and levels of technological access. This approach was 

essential to capture insights from students with different experiences and challenges related to 

gamified learning in STEM education.

Similarly, STEM teachers selected for the discussions varied in terms of teaching experience, 

familiarity with gamification tools, and the types of schools they represented (public and private). 

This ensured a comprehensive understanding of the practicalities and challenges faced by 

educators in implementing gamified strategies. Students Focus group discussions were conducted 

with students who participated in the gamified STEM activities. 
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As for student focus groups, a total of four focus groups, each consisting of 5-6 students, were 

organized. These discussions centred around students’ experiences with the gamified learning 

environment, their feelings of engagement, and specific gamification elements (points, badges, 

leaderboards, etc.) that influenced their engagement and motivation. A subset of 20 students 

was selected based on their varying levels of engagement and motivation for semi-structured 

interviews, ensuring a diverse range of perspectives. Interviews focused on students’ experiences 

with gamified learning, their perceptions of how it affected their motivation, and any challenges 

they faced.

As for teachers focus groups, six STEM teachers participated in focus groups to discuss their 

observations of how gamification influenced student behaviour, classroom dynamics, and 

learning outcomes. Teachers were also asked to reflect on the feasibility and sustainability of 

gamified learning. Additionally, semi-structured interviews with teachers were conducted to gain 

insights to assess the impact of gamification in classroom dynamics and student engagement 

from the educators’ perspective. Teachers were asked about any observable changes in student 

participation, enthusiasm, and academic performance throughout the intervention.

Classroom observations were also part of the data collection process. These observations 

were aimed at understanding student behaviour during the gamified sessions, including active 

participation, collaboration, and engagement with the content. The observations were guided by 

a rubric designed to assess the different dimensions of engagement (behavioural, emotional, and 

cognitive).

 The qualitative data are analysed using thematic analysis, where emerging themes related to 

motivation, engagement, technology access, and challenges are identified. The transcripts from 

focus groups and interviews are coded to determine patterns in student and teacher perceptions.

The PRISMA framework is used to structure the systematic review of gamification studies, 

highlighting relevant findings from previous literature and comparing them with the current study’s 

results. This approach ensures transparency and rigor in synthesizing the evidence, providing a 

clear picture of how gamification influences STEM learning in middle school settings.

In this mixed-methods study, data synthesis involves integrating the findings from both the 

quantitative and qualitative components. The PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) framework is adopted to systematically review and 
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present the evidence, ensuring that the results from each method complement and strengthen 

the overall conclusions.

As for ethical considerations, informed consent was obtained by all participants. Students and 

teachers were informed about the study’s objectives, procedures, and their right to withdraw at 

any point. Parental consent was obtained for student participants, while teachers provide their 

consent for their involvement in the study.

The participants were assured that the confidentiality and anonymity of all participants shall be 

maintained throughout the research process and thereafter as well. All personal information shall 

be kept confidential and shall be used for research purposes only.

Quantitative data are analysed using descriptive statistics (mean, standard deviation) to 

summarize students’ motivation and engagement levels. To examine the impact of gamification, 

t-tests, pre-test and post-test and ANOVA were applied to compare responses between 

students exposed to gamified lessons and those who were not. Additionally, correlation analysis 

was used to identify relationships between specific gamification elements (e.g., points, badges, 

leaderboards) and changes in student motivation and engagement. The analysis was conducted 

using SPSS v 25.

Analysis and interpretation

Data analysis is the process of bringing order, structure and meaning to the collected data (Nadaf 

2018). Analysis and interpretation of data is of paramount significance. The data as such has no 

meaning, if it is not classified, analysed and interpreted properly. Interpretation leads to a critical 

examination of the results of analysis in the light of all the limitations of gathered data. However, 

valid, reliable and adequate data may be, it does not serve any worthwhile purpose unless it 

is carefully edited, systematically classified, scientifically tabulated, intelligently analysed and 

rationally concluded (Nadaf 2018). The data collected from interviews and surveys were analysed 

with the help of using thematic analysis and statistical techniques. This analysis involves identifying 

and analysing patterns or themes within the data, providing insights into the research questions 

and objectives of the study.
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Objective 1: To examine the impact of gamification on student motivation in STEM 

education among middle school students

This objective focuses on understanding how gamification affects students’ desire and willingness 

to learn and engage with STEM content. Motivation refers to the internal drivers—such as interest, 

curiosity, and the value placed on tasks—that influence a student’s enthusiasm for learning STEM 

subjects.

Quantitative Data Analysis

The quantitative data was collected using pre- and post-intervention surveys, which measured the 

levels of student motivation in STEM education before and after the introduction of gamification 

elements such as points, badges, and leaderboards. The surveys used a Likert scale (1 = strongly 

disagree to 5 = strongly agree) to evaluate changes in motivation across several dimensions, 

including intrinsic motivation, interest in class, and willingness to participate in STEM activities.

The results were analysed using paired t-tests to compare the means of student motivation scores 

before and after the gamified interventions.

Table 1: Pre- and Post-Gamification Student Motivation Scores

Category
Pre-Gamification 

Mean

Post-Gamification 

Mean
t-value p-value

Intrinsic 

Motivation
3.1 4.2 6.15 0.001**

Interest in STEM 

Classes
3.0 4.1 5.88 0.001**

Willingness to 

Participate
3.2 4.3 6.47 0.001**

Note: p < 0.01 indicates statistically significant improvement.

The paired t-tests revealed that students demonstrated significant increases in intrinsic motivation, 

engagement, and willingness to participate in STEM activities after the introduction of gamified 

learning strategies (p < 0.01). This suggests that the use of gamification had a positive impact on 

student motivation in STEM subjects.
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The significant p-values (p < 0.001) indicate that gamification led to substantial improvements in 

all measured aspects of student motivation and engagement.

Image 2: Impact of Gamification on Student Motivation

Key Takeaways:

•	 Intrinsic Motivation: Students exhibited a significant increase in intrinsic motivation, as 

evidenced by the rise in mean scores from 3.1 to 4.2. This suggests that gamification strategies 

successfully fostered internal interest and enjoyment in STEM subjects.

•	 Interest in STEM Classes: The data reveal a marked improvement in students’ interest in 

STEM, highlighting the effectiveness of gamified activities in making STEM content more 

engaging.

•	 Willingness to Participate: The increase in willingness to participate demonstrates that 

gamification not only engages students cognitively but also encourages active involvement 

in learning activities.

Qualitative Data Analysis

In addition to surveys, qualitative data were gathered through focus group discussions with 

students and interviews with teachers. Thematic analysis was employed to identify recurring 

themes related to student motivation in gamified STEM lessons.
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•	 Increased Interest in STEM: Students expressed that the use of game elements, such as 

leader-boards and rewards, made STEM lessons more interesting and fun, enhancing their 

overall motivation to learn. One student remarked, “Before, I didn’t care much about science, 

but with the points system, it’s like I want to keep doing better and earn more rewards.”

•	 Competence and Achievement: Many students mentioned feeling a sense of achievement 

when they reached milestones, such as earning badges or advancing on leader-boards. This 

feeling of competence contributed to their willingness to engage more deeply in STEM 

lessons.

•	 Classroom Dynamics: Teachers observed that the collaborative and competitive elements 

of gamified learning led to higher participation. One teacher noted, “Students who were 

usually quiet became more involved because they wanted to improve their scores or help their 

team.”

Linking Findings to Research Objective 1: To examine the impact of gamification on student 

motivation in STEM education among middle school students

•	 Findings: The study demonstrated a significant increase in student motivation post-

gamification intervention, as evidenced by a rise in mean motivation scores from 3.1 to 

4.3 (p < 0.001). Students reported higher levels of intrinsic motivation, particularly when 

completing challenges and unlocking badges.

•	 Link to Objective: These results directly address the objective by confirming that 

gamification strategies, such as leaderboards and progress tracking, can effectively enhance 

student motivation. The positive response highlights the potential of gamification to foster 

a sense of accomplishment and engagement in STEM learning environments.

Discussion of Objective 1

The findings from both quantitative and qualitative data demonstrate that gamification has 

a significant positive impact on student motivation in STEM education among middle school 

students. The results of the paired t-tests indicated a clear improvement in student motivation 

scores, particularly in terms of intrinsic motivation and interest.  This aligns with previous research 

indicating that gamification can enhance motivation by making learning more interactive and 

rewarding (Kapp, 2012).

The qualitative data further support these findings by highlighting the specific ways in which 

gamification influences motivation. The introduction of game elements, such as rewards and leader 

boards, provided students with clear goals and recognition, which fostered a sense of achievement 
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and competence. According to Self-Determination Theory (Deci & Ryan, 2000), these elements 

fulfil students’ psychological needs for competence and autonomy, thereby increasing intrinsic 

motivation. 

The positive classroom dynamics observed by teachers also suggest that gamified environments 

can create a more inclusive and collaborative atmosphere, further enhancing student engagement 

(Hamari et al., 2014).

Research Objective 2: To investigate the influence of gamification on student engagement 

in STEM subjects among middle school students

The objective focuses on observable student behaviours and emotional or cognitive 

investment in learning activities. Engagement encompasses behavioural elements (e.g., 

participation in activities, attentiveness), emotional aspects (e.g., interest and enjoyment), and 

cognitive engagement (e.g., willingness to tackle complex problems). 

Quantitative Data Analysis

The quantitative data was collected through a student engagement survey administered before 

and after the gamified intervention. This survey measured various dimensions of engagement, 

including behavioural engagement (participation in STEM activities), emotional engagement 

(enjoyment and interest in STEM), and cognitive engagement (investment in learning STEM 

concepts).

A paired t-test was conducted to compare the mean engagement scores before and after the 

gamification strategy was implemented.

Table 2: Pre- and Post-Gamification Student Engagement Scores

Pre-Gamification 
Mean

Post-Gamification 
Mean t-value p-value

Behavioural 
Engagement

3.0 4.1 6.25 0.001**

Emotional 
Engagement

2.9 4.0 5.89 0.001**

Cognitive 
Engagement

3.1 4.3 6.57 0.001**

Note: p < 0.01 indicates statistically significant improvement.
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The results show significant increases in all three categories of student engagement after the 

introduction of gamification (p < 0.01). The most substantial improvement was observed in 

cognitive engagement, with students demonstrating a greater investment in learning STEM 

concepts.

All p-values (p < 0.001) indicate statistically significant improvements in engagement across all 

dimensions post-gamification.

Image 3: Influence of Gamification on Student Engagement

Key Takeaways

•	 Behavioural Engagement: The increase in mean scores from 3.0 to 4.1 demonstrates that 

gamification encouraged active participation and involvement in learning tasks.

•	 Emotional Engagement: Students showed a significant improvement in emotional 

connection with learning activities, reflecting a stronger sense of enjoyment and satisfaction 

in STEM classes.

•	 Cognitive Engagement: The rise in cognitive engagement (mean score increase from 3.1 to 

4.3) suggests that gamification positively impacted students’ investment in understanding 

and mastering STEM concepts. 
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Qualitative Data Analysis

In addition to surveys, focus group discussions were conducted with students, and interviews were 

held with teachers to gather qualitative data on the influence of gamification on engagement. 

Thematic analysis was applied to the data to identify recurring themes related to student 

engagement in STEM subjects.

•	 Active Participation in Learning: Students reported that gamified tasks, such as completing 

challenges to earn rewards, made them more eager to participate in STEM activities. One 

student stated, “When I know I can earn points, I actually try harder to finish the tasks, even 

the hard ones.”

•	 Emotional Investment: Many students expressed increased emotional engagement due to 

the fun and competitive nature of the gamified STEM lessons. As one student mentioned, 

“I used to think science was boring, but now it’s kind of fun because I want to beat the other 

teams.” Teachers echoed this observation, noting that students appeared more excited and 

emotionally invested during gamified lessons.

•	 Deeper Cognitive Engagement: Students also reported that they put more effort into 

understanding STEM concepts, as they felt motivated to succeed in the game-based learning 

environment. A teacher observed, “I’ve noticed that students are thinking more critically, 

especially during the problem-solving parts of the game.”

Linking Findings to Research Objective 2: To investigate the influence of gamification on 

student engagement in STEM subjects among middle school students

Findings: Table 2 revealed that the most substantial improvement was observed in cognitive 

engagement, followed by behavioural and emotional engagement with students demonstrating 

a greater investment in learning STEM concepts. In addition to that all the p-values (p < 0.001) 

indicate statistically significant improvements in engagement across all dimensions post-

gamification.

•	 Behavioural Engagement: Students showed increased participation in class activities, 

with mean scores rising from 3.0 (pre-gamification) to 4.1 (post-gamification). Team-based 

challenges and competitive leaderboards were particularly effective in encouraging active 

involvement and task completion.
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•	 Emotional Engagement: A marked improvement in emotional engagement was observed, 

with mean scores increasing from 2.9 to 4.0. Students reported feeling more excited and 

motivated to attend STEM classes, with feedback mechanisms like badges and rewards 

enhancing their emotional connection to the learning process.

•	 Cognitive Engagement: Post-test cognitive engagement scores improved from 3.1 to 4.3, 

demonstrating that gamified activities, such as problem-solving tasks and scenario-based 

challenges, encouraged deeper thinking and sustained attention during STEM lessons.

Supporting Evidence from Qualitative Data

Student feedback emphasized how gamification made learning “fun and competitive,” motivating 

them to participate more actively. Teachers noted that previously disengaged students showed 

noticeable improvement in their attentiveness and involvement, attributing this change to the 

interactive nature of gamified activities.

These findings directly address the research objective by demonstrating that gamification 

significantly influences all three dimensions of student engagement—behavioural, emotional, 

and cognitive—in STEM subjects. The improvement in scores indicates that gamification 

strategies, such as point systems, badges, leaderboards, and team-based competitions, foster 

active participation, emotional involvement, and critical thinking skills in middle school STEM 

classrooms.

Discussion of Objective 2

The findings from both the quantitative and qualitative data indicate that gamification has a 

significant positive influence on student engagement in STEM subjects. The paired t-tests show 

substantial improvements in behavioural, emotional, and cognitive engagement, suggesting 

that gamification strategies not only increase students’ participation in STEM activities but also 

enhance their interest and emotional connection to the subjects. These results align with existing 

research, which suggests that gamification can make learning more interactive and enjoyable, 

thereby boosting student engagement (Hamari et al., 2014).

The qualitative findings further support these conclusions. Students reported greater emotional 

investment in STEM lessons due to the engaging and competitive nature of the gamified tasks, 

which is consistent with Kapp’s (2012) assertion that gamification can transform mundane 

educational tasks into enjoyable and rewarding experiences. This increase in emotional engagement 
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is particularly important, as it can lead to a more sustained interest in STEM subjects over time 

(Deci & Ryan, 2000).

Additionally, the significant improvement in cognitive engagement observed in both the 

quantitative and qualitative data highlights the potential of gamification to encourage deeper 

learning. By motivating students to engage with STEM concepts in a more interactive and hands-

on way, gamified learning environments may foster critical thinking and problem-solving skills, 

which are essential in STEM education (Landers, 2015).

Objective 3: To identify the most effective gamification elements contributing to improved 

motivation and engagement in STEM education

Quantitative Data Analysis

The quantitative data was collected through a post-intervention survey, which asked students to 

rate the effectiveness of specific gamification elements (points, badges, leaderboards, challenges, 

and feedback) on their motivation and engagement in STEM education. The mean scores for each 

element were calculated, and an ANOVA test was performed to determine the differences in the 

effectiveness of these gamification elements.

Table 3: Effectiveness of Gamification Elements on Student Motivation and Engagement

Gamification Elements Mean Effectiveness Score SD F-value p-value

Points 4.2 0.81 6.34 0.001**

Badges 4.1 0.85 5.89 0.001**

Leaderboards 4.4 0.78 7.22 0.001**

Challenges 4.6 0.65 8.11 0.001**

Feedback 4.3 0.80 6.78 0.001**

Note: p < 0.01 indicates statistically significant differences

The ANOVA test revealed significant differences in the effectiveness of the various gamification 

elements (p < 0.01). Challenges emerged as the most effective element, with a mean score of 4.6, 

followed by leaderboards (4.4), feedback (4.3), points (4.2), and badges (4.1). These results suggest 

that challenges and leaderboards have the greatest influence on improving student motivation 

and engagement in STEM education.
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Key Takeaways

•	 Challenges: With the highest mean score (4.6) and the lowest standard deviation (0.65), 

challenges were the most effective gamification element, suggesting they play a critical role 

in engaging students.

•	 Leaderboards and Feedback: These elements also ranked high in effectiveness, emphasizing 

the importance of competition and timely responses in maintaining motivation.

•	 Points and Badges: Although slightly lower than challenges, these elements remain integral 

to creating a rewarding gamified environment.

Image 4: Effectiveness of Gamification Elements on Student Motivation and Engagement

Qualitative Data Analysis

To complement the quantitative data, qualitative data was collected through focus group 

discussions with students and interviews with teachers. Thematic analysis was used to identify 

which gamification elements were perceived as most effective in increasing motivation and 

engagement.
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•	 Challenges: Students highlighted challenges as the most engaging gamification element, 

as they required them to apply critical thinking and problem-solving skills. One student 

remarked, “The challenges made me think harder about the science problems, and I wanted to 

solve them so I could move on to the next level.” Teachers noted that challenges encouraged 

students to persevere through difficult concepts and fostered a growth mindset.

•	 Leaderboards: Many students reported that leaderboards boosted their motivation by 

adding a competitive element to the learning process. As one student explained, “Seeing 

my name on the leaderboard made me want to work harder to stay at the top.” However, 

some students expressed concern that the competitive nature of leaderboards might be 

discouraging for those who struggled.

•	 Feedback: Both students and teachers emphasized the importance of immediate feedback 

in keeping students engaged. Students appreciated receiving real-time updates on their 

progress, which helped them identify areas for improvement and motivated them to 

continue participating in STEM activities. One teacher commented, “The feedback loop kept 

students on task and focused on their goals.”

Linking Findings to Research Objective 3: To identify the most effective gamification elements 

contributing to improved motivation and engagement in STEM education among middle 

school students

Table 3 revealed the Effectiveness of Specific Gamification Elements. It was revealed for the table 

that there are significant differences in the effectiveness of the various gamification elements. 

Challenges emerged as the most effective element, followed by leaderboards, feedback, points, 

and badges. These results suggest that challenges and leaderboards have the greatest influence on 

improving student motivation and engagement in STEM education.

•	 Challenges: Received the highest mean effectiveness score (4.6, SD = 0.65) and were 

highlighted by students and teachers as particularly engaging. Challenges encouraged 

problem-solving and critical thinking, often framed within real-world STEM scenarios like 

sustainability projects or coding puzzles.

•	 Leaderboards: With a mean score of 4.4 (SD = 0.78), leaderboards fostered a sense of 

competition and motivation to outperform peers, which was especially effective in 

maintaining behavioural engagement.
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•	 Feedback: A mean score of 4.3 (SD = 0.80) indicated the importance of real-time feedback 

mechanisms, such as progress bars and achievement notifications, in sustaining student 

motivation and focus.

•	 Points and Badges: Both elements scored above 4.0, emphasizing their role in creating a 

sense of accomplishment and incremental progress that students found rewarding.

Qualitative Insights on Gamification Elements

Students reported enjoying the sense of achievement from earning badges and points, which 

motivated them to complete more tasks. Teachers highlighted the effectiveness of leaderboards 

and challenges in promoting peer learning and collaboration.

The findings directly address the research objective by pinpointing the gamification elements—

challenges, leaderboards, feedback, points, and badges—as most effective in enhancing motivation 

and engagement. Each element contributed uniquely to different aspects of engagement. For 

instance: Challenges and leaderboards were instrumental in driving behavioural and cognitive 

engagement. Badges, points, and feedback bolstered intrinsic and extrinsic motivation, fostering 

emotional connection to learning.

Discussion of the Objective 3

The findings from both quantitative and qualitative data revealed that the most effective 

gamification elements contributing to improved motivation and engagement in STEM education 

are challenges, leaderboards, and feedback. The ANOVA test showed that challenges received 

the highest mean effectiveness score, suggesting that students are particularly motivated by tasks 

that require them to apply critical thinking and problem-solving skills. This finding aligns with 

existing research, which suggests that challenges stimulate cognitive engagement by encouraging 

students to push beyond their comfort zones and explore complex concepts (Landers, 2015).

Leaderboards were also identified as a highly effective gamification element, with many students 

reporting that the competitive aspect motivated them to stay engaged in STEM activities. This 

finding is consistent with Deterding et al. (2011), who argue that competition can foster a sense of 

achievement and drive students to improve their performance. However, it is important to note 

that leaderboards may not be equally effective for all students; while some thrive in competitive 

environments, others may feel discouraged by falling behind their peers.
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Observations from focus groups and teacher interviews highlighted significant variations in how 

students respond to leaderboards in gamified STEM settings. This difference underscores why 

leader boards may not be universally effective. For students who are motivated by competition, 

leader boards can increase engagement, as these students often enjoy the sense of achievement 

associated with higher rankings. They view their position as a personal benchmark, driving them 

to improve and maintain engagement (Reeve, 2012). However, interviews with teachers revealed 

that other students—especially those who struggled with certain STEM concepts—found 

leader-boards counterproductive. Falling behind on the leaderboard negatively impacted their 

confidence and interest, leading to a disengagement cycle where they participated less actively 

due to perceived inadequacies.

Furthermore, focus group discussions indicated that students who are naturally more 

collaborative often prefer cooperative tasks over competitive ones. In competitive leader-board 

situations, they felt isolated or pressured, which hampered their motivation. These findings are 

consistent with Self-Determination Theory (Deci & Ryan, 2000), which suggests that an excessive 

focus on extrinsic rewards, like leader-board rankings, can diminish intrinsic motivation for 

students who prioritize personal growth or collaborative success over competition. These insights 

from the primary research illustrate the need for adaptive gamification strategies that offer 

both collaborative and competitive options. By diversifying game mechanics, educators can foster 

inclusivity, ensuring that each student has pathways to engagement that align with their personal 

motivations and learning preferences.

Feedback emerged as another crucial element, with both students and teachers recognizing its 

role in sustaining engagement. Immediate feedback helps students track their progress and adjust 

their efforts accordingly, leading to a more personalized and motivating learning experience 

(Hamari et al., 2014). The role of feedback in fostering both intrinsic and extrinsic motivation is well-

documented in the literature, as it provides students with a clear sense of their accomplishments 

and areas for growth (Deci & Ryan, 2000).

Objective 4: To analyse the potential challenges and limitations of integrating gamification 

in middle school STEM classrooms

Quantitative Data Analysis

A survey was conducted to quantify students’ and teachers’ perceptions of the challenges and 

limitations associated with integrating gamification in STEM classrooms. The survey included 
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items related to technology access, time constraints, student participation, and the sustainability 

of motivation through gamified methods. An independent samples t-test was used to compare 

responses from teachers and students regarding these challenges.

Table 4: Challenges of Integrating Gamification in Middle School STEM Classrooms

Challenge
Student 

Mean

Teacher 

Mean
t-value p-value

Access to Technology 3.8 4.2 2.21 0.03*

Time Constraints (Lesson Prep) 3.6 4.3 3.05 0.01**

Student Participation 3.1 3.8 2.75 0.01**

Sustainability of Motivation 3.5 4.1 2.89 0.01**

Note: *p < 0.05, p < 0.01

The t-test results indicate significant differences between students and teachers regarding their 

perceptions of the challenges associated with gamification. 

Teachers rated access to technology, time constraints, and sustainability of motivation as more 

significant challenges compared to students (p < 0.01).

Key Takeaways:

•	 Access to Technology: Teachers perceive greater challenges in technological access (mean 

= 4.2) compared to students (mean = 3.8), indicating a disparity in their assessment of 

infrastructure needs.

•	 Time Constraints: Teachers significantly highlight time constraints in lesson preparation 

(mean = 4.3), emphasizing the additional workload involved in implementing gamified 

elements.

•	 Student Participation: Both students and teachers acknowledge participation as a 

challenge, though teachers report a slightly higher difficulty level (mean = 3.8).

•	 Sustainability of Motivation: Maintaining long-term motivation is a shared concern, with 

teachers rating it as a more pressing issue (mean = 4.1).
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Image 5: Challenges of Integrating Gamification in Middle School STEM Classrooms

Qualitative Data Analysis: In addition to the survey, qualitative data was collected through focus 

group discussions with students and interviews with teachers. Thematic analysis was conducted 

to explore the perceived challenges and limitations of gamifying STEM lessons.

•	 Access to Technology: Teachers highlighted that not all students had equal access to the 

necessary technology to fully engage in gamified STEM activities. Some schools lacked 

sufficient resources, such as tablets or computers, which created a barrier to effective 

implementation. One teacher noted, “Some students can't fully participate because they 

don't have the right devices or stable internet at home, and that’s a big issue.”

•	 Time Constraints: Teachers frequently mentioned the increased preparation time required 

to design gamified lessons. Planning game mechanics, such as points, badges, and challenges, 

was more time-consuming compared to traditional teaching methods. As one teacher 

explained, “It takes a lot more time to plan and implement these gamified lessons, and 

sometimes we don’t have the flexibility to do it regularly.”

•	 Student Participation: While some students thrived in gamified environments, others felt 

disengaged, particularly those who struggled with competition or lacked interest in STEM 

subjects. One student shared, “I’m not really into the competitive stuff, and sometimes it 

feels like the game is more important than actually learning.”
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•	 Sustainability of Motivation: Teachers expressed concerns that the initial excitement of 

gamified learning might wear off over time, leading to a drop in student motivation. One 

teacher remarked, “At first, they’re really into it, but after a while, the novelty wears off and 

they stop trying as hard.”

Linking Findings to Research Objective 4

To analyse the potential challenges and limitations of integrating gamification in middle school 

STEM classrooms.

Table 4 revealed the challenges Identified by students and teachers in STEM classrooms. The 

results indicate significant differences between students and teachers regarding their perceptions 

of the challenges associated with gamification. The Teachers in STEM Classrooms rated access 

to technology, time constraints, and sustainability of motivation as more significant challenges 

compared to students.

•	 Access to Technology: Both students (mean = 3.8) and teachers (mean = 4.2) highlighted 

unequal access to technology as a significant challenge, with a t-value of 2.21 (p = 0.03*). This 

reflects the digital divide that affects gamified learning environments.

•	 Time Constraints: Teachers rated “time constraints for lesson preparation” significantly 

higher (mean = 4.3) compared to students (mean = 3.6), with a t-value of 3.05 (p = 0.01**), 

indicating the additional workload involved in designing gamified lessons.

•	 Sustainability of Motivation: Both groups noted concerns about sustaining student interest 

over time, with teachers assigning a mean score of 4.1 and students a mean of 3.5 (t = 2.89, 

p = 0.01**).

•	 Student Participation: Teachers and students differed on their perceptions of participation 

challenges, with teachers scoring it higher (mean = 3.8) than students (mean = 3.1), t-value 

= 2.75 (p = 0.01**).

•	 Qualitative Insights: Teachers reported difficulties integrating gamification into traditional 

curricula, citing limited training and resources as barriers. Students mentioned occasional 

frustration with overly competitive elements, such as leaderboards, which sometimes 

discouraged lower-performing students.
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Link to Objective: These findings explicitly address the research objective by highlighting 

both systemic and practical challenges faced during the integration of gamification in 

middle school STEM classrooms:

•	 Systemic Barriers: The digital divide and lack of teacher training were recurring themes, 

emphasizing the need for equitable access and professional development.

•	 Practical Barriers: Time constraints for lesson preparation and sustaining long-term student 

motivation were identified as critical limitations, providing actionable insights for educators 

and policymakers.

Discussion of Objective 4

The findings from both the quantitative and qualitative data reveal several significant challenges 

and limitations to integrating gamification in middle school STEM classrooms. The quantitative 

results show that teachers perceive challenges related to technology access, time constraints, 

and the sustainability of motivation as more significant than students do. These findings align 

with previous research that highlights the logistical and practical difficulties of incorporating 

gamification in education (Kapp, 2012).

Access to Technology is one of the most prominent challenges identified in both the quantitative 

and qualitative data. Teachers indicated that not all students had access to the necessary devices 

or stable internet connections, particularly in schools with limited resources. This digital divide 

can prevent some students from fully engaging in gamified learning experiences, thereby reducing 

the overall effectiveness of gamification in STEM education (Hamari et al., 2014). Addressing this 

issue may require investment in school infrastructure and ensuring equitable access to technology 

for all students.

Time constraints were another major limitation identified by teachers. The development of 

gamified lessons often requires more planning time compared to traditional instruction methods, 

as teachers need to design engaging game mechanics and track student progress. This additional 

time burden may deter teachers from implementing gamification regularly, as noted in previous 

studies that highlight the resource-intensive nature of game-based learning (Deterding et al., 2011). 

Professional development and institutional support could help alleviate this issue by providing 

teachers with resources and tools to streamline the design of gamified lessons.
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Student Participation was also noted as a challenge, particularly for students who did not 

respond well to competitive game elements or who had lower interest in STEM subjects. While 

competition can motivate some students, it may discourage others, especially those who feel 

they are falling behind (Deci & Ryan, 2000). This suggests that gamified environments need to 

incorporate diverse game mechanics to cater to different learning preferences, such as offering 

collaborative challenges alongside competitive ones.

In gamified STEM learning environments, collaborative and competitive gaming take on distinct 

forms, each impacting student engagement differently. Collaborative gaming emphasizes 

teamwork and shared goals. In this approach, students work together to solve problems or achieve 

objectives, promoting a sense of community and collective success. For instance, a collaborative 

game might involve students working in groups to complete a science experiment, where each 

team member contributes unique skills to accomplish the task. Here, the focus is on building 

interpersonal skills, encouraging knowledge-sharing, and fostering an inclusive environment. 

Collaborative gamification is particularly beneficial for students who might feel discouraged 

by direct competition, as it allows them to participate meaningfully without the pressure of 

outperforming others (Johnson & Johnson, 2019).

In contrast, competitive gaming encourages students to strive for individual or team victories, 

often by outperforming peers in specific tasks. A common example of this approach in STEM 

classrooms is a leaderboard, where students earn points based on their speed and accuracy in 

completing math problems or coding challenges. The goal here is to incentivize improvement and 

effort through a rewards-based structure, which can increase motivation for students who are 

driven by personal accomplishment or enjoy a sense of competition. However, as noted by Deci 

and Ryan (2000), competition can sometimes have a negative impact, particularly on students 

who may struggle or lose confidence if they consistently fall behind. This makes it essential for 

gamified environments to balance both approaches by incorporating varied game mechanics.

Finally, Sustainability of Motivation is a key concern for teachers, who observed that the novelty 

of gamification may diminish over time. This aligns with the findings of Landers (2015), who argues 

that while gamification can initially boost engagement, its long-term effectiveness depends on 

maintaining student interest. To address this challenge, gamified lessons may need to evolve and 

introduce new elements regularly to keep students engaged and motivated.
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Recommendations and Suggestions

On the basis of the findings obtained from the study "Impact of Gamification on Student Motivation 

and Engagement in STEM Education Among Middle School Students," the following recommendations 

are derived to enhance the integration of gamification into educational practices:

•	 Incorporate Adaptive Gamification Elements

It is recommended that adaptive gamification strategies be utilized to cater to the diverse 

learning needs of students. Adaptive gamification personalizes the learning experience by adjusting 

difficulty levels, feedback, and rewards based on individual progress. This approach ensures that 

all students, regardless of their starting abilities, remain engaged and motivated. Furthermore, 

adaptive systems can help identify specific areas where students struggle, enabling teachers to 

provide targeted support for improved outcomes.

Examples of Adaptive Gamification Tools and Strategies:

•	 Adjusting Difficulty Levels Dynamically

	� Example: Dream-Box Learning is a gamified math platform that adapts to each student’s 

performance in real-time. If a student struggles with a concept, the system provides 

additional scaffolding and simpler exercises. Conversely, if the student excels, it offers 

more challenging problems to maintain engagement.

•	 Strategy: Educators can use tools like Quizizz and enable “adaptive question levels” to adjust 

quiz complexity based on how students perform during a session.

•	 Personalized Feedback and Guidance

	� Example: Duolingo for Schools provides tailored feedback after each language-learning 

task. The system identifies specific errors and offers immediate tips or alternative exercises 

to address gaps in understanding.

•	 Strategy: Use platforms like Knewton Alta, which provides adaptive feedback for STEM 

subjects by identifying learning gaps and directing students to targeted resources.

•	 Emphasize Team-Based/ Collaborative Gamification

Implementing more team-based or collaborative gamification activities promotes social 

interaction, communication, and problem-solving skills. Collaborative gamification not only 

enhances intrinsic motivation but also fosters peer learning as students work together to solve 

STEM challenges. By encouraging teamwork and shared responsibility, these activities help build 

critical 21st-century skills such as collaboration and communication.



243

Examples of Team-Based/ Collaborative Gamification Tools and Strategies

•	 Group Competitions in STEM

	� Example: Kahoot! Team Mode allows students to compete as teams rather than individuals. 

In this mode, students collaboratively decide on answers, promoting discussion, shared 

decision-making, and accountability.

	� Strategy: Teachers can create STEM-themed quizzes (e.g., physics concepts or math 

problem-solving) in Kahoot! where teams earn points collectively, fostering cooperative 

engagement.

•	 Cooperative Problem-Solving Games

	� Example: Minecraft: Education Edition provides collaborative STEM challenges, such as 

building a sustainable city or simulating a science experiment. Students work in teams to 

design and execute solutions, enhancing critical thinking and communication.

	� Strategy: Assign students to small groups to tackle project-based learning activities, such 

as coding a robot in Scratch or completing chemistry experiments in a virtual Minecraft 

lab.

•	 Focus on Long-term Engagement Strategies

Long-term engagement strategies are essential to ensure sustained interest in gamified learning, 

particularly in STEM subjects that require cumulative learning and continuous motivation. By 

implementing "level-up" progressions that span multiple units or an entire school year, students 

remain consistently engaged as they work toward achieving long-term goals. This approach 

allows students to see their growth over time and feel a sense of accomplishment for completing 

progressively challenging tasks.

Examples of Tools and Strategies for Sustained Engagement

•	 Progression-Based Titles and Badges

	� Example: Class-craft offers gamified progression systems where students earn experience 

points (XP) and unlock new roles or abilities. In a STEM curriculum, students could 

advance from “Novice Mathematician” to “Senior Data Analyst” as they complete math-

related tasks.

	� Strategy: Teachers can create STEM-specific progression paths (e.g., earning a badge for 

mastering algebra concepts or completing coding challenges) and celebrate milestones 

to maintain long-term motivation.
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•	 STEM Quests with Yearlong Goals

	� Example: Quest-Based Learning (QBL) platforms like Seppo allow educators to design 

long-term quests. For instance, students could complete a yearlong quest to become 

“Master Engineers” by solving engineering problems in physics and technology units.

	� Strategy: Divide the school year into stages, with each unit contributing to the 

overarching quest. For example, students could build knowledge about mechanics, then 

apply it in a culminating bridge-building challenge.

•	 Align Gamification with Learning Objectives

Ensuring that gamification elements are directly aligned with STEM learning objectives is critical to 

prevent distractions and ensure that game mechanics enhance understanding rather than simply 

providing entertainment. Gamified tasks and tools must be purposeful, designed to reinforce 

STEM concepts and skills. Teachers should play a central role in designing these tasks to ensure 

alignment with curriculum goals, making learning both engaging and academically effective.

Examples of Tools and Strategies for Alignment with STEM Objectives

•	 Interactive Simulations for Concept Mastery

	� Example: PhET Interactive Simulations (University of Colorado Boulder) allows students 

to explore concepts in physics, chemistry, and biology through gamified simulations.

	� Strategy: Teachers can integrate simulations into lessons to align game mechanics with 

curriculum goals. For example, in a physics class, students could “play” with forces and 

motion to visualize Newton’s Laws, ensuring that gameplay directly enhances conceptual 

understanding.

•	 Coding Platforms for Logical Reasoning

	� Example: Scratch and Code.org allow students to learn coding while solving STEM-

related challenges.

	� Strategy: Teachers can align gamified coding tasks with math or engineering objectives. 

For instance, students could write code to simulate geometric patterns, demonstrating 

understanding of angles and symmetry in mathematics.

•	 Be involved in designing gamification tasks to ensure alignment with curriculum goals.

•	 Utilize Real-World STEM Challenges

Incorporating real-world STEM challenges within gamified learning can bridge the gap between 
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classroom knowledge and practical applications, enhancing both relevance and engagement. 

By presenting students with scenarios that mirror real-world problems, gamified tasks encourage 

critical thinking, problem-solving, and innovation. For example, gamified units on environmental 

science or engineering can immerse students in challenges where they apply STEM concepts to 

address real-life issues, fostering deeper learning and long-term motivation. By incorporating tools 

like SimCityEDU, Minecraft: Education Edition, Tinkercad, and Breakout EDU, educators can design 

gamified challenges that not only engage students but also provide opportunities to apply STEM 

knowledge to practical, real-world problems. This approach ensures students understand the 

relevance of STEM subjects while building essential 21st-century skills.

Examples of Gamification Tools and Strategies for Real-World STEM Challenges

•	 Virtual City-Building Challenges

	� Example: SimCityEDU allows students to design and manage virtual cities, tackling 

challenges like pollution, energy consumption, and infrastructure planning.

	� Strategy: In an environmental science unit, students can work on a "City Sustainability 

Challenge," applying knowledge of renewable energy, water conservation, and waste 

management to build eco-friendly cities.

•	 STEM-Based Escape Room Challenges

	� Example: Breakout EDU combines gamified “escape room” tasks with real-world 

applications of STEM concepts.

	� Strategy: Teachers can design a “Climate Crisis Escape Challenge,” where students must 

solve puzzles related to carbon emissions, greenhouse effects, and energy use to “unlock” 

solutions to save the environment.

•	 Leverage Gamification to Foster Curiosity and Exploration

Gamification has the potential to transform learning environments by fostering curiosity-driven 

exploration. This approach can be particularly impactful in STEM education, where students thrive 

on hands-on problem-solving and discovery-based learning. By incorporating game-like elements 

that align with real-world challenges, students are encouraged to explore concepts deeply and 

meaningfully. For example, a STEM classroom can integrate a "quest-based learning system," where 

students earn points, unlock new content, or progress through “levels” by solving challenges 

related to practical problems, such as designing sustainable energy solutions or exploring physics 

principles in everyday phenomena.
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Specific Examples of Gamification Tools and Strategies

•	 Quest-Based Learning Platforms

	� Example: Class-craft allows teachers to design quest-based learning experiences where 

students complete challenges to earn rewards.

	� Strategy: In a physics unit, students could embark on a "Roller Coaster Physics Quest," 

where they solve challenges like calculating velocity, acceleration, and friction while 

designing virtual roller coasters that meet specific safety and performance criteria.

•	 Interactive Simulation Tools

	� Example: PhET Interactive Simulations provides virtual experiments and real-time 

feedback for various STEM topics.

	� Strategy: In a sustainable energy challenge, students can engage in a "Renewable Energy 

Exploration Quest," experimenting with wind turbines, solar panels, and hydropower to 

determine the most efficient energy solutions for specific scenarios.

•	 Parental Involvement in Gamification

Integrating parental involvement into gamified learning can amplify its benefits by extending 

engagement and support beyond the classroom. When parents participate in their child’s gamified 

learning process, they can encourage positive reinforcement, help monitor progress, and provide 

a supportive environment for learning. This involvement fosters a home-school connection that 

keeps students motivated as they see their efforts recognized by teachers and their families.

For instance, in a gamified middle school STEM program, parents could receive regular updates 

about their child’s progress, such as badges earned, points accumulated, or levels achieved in 

specific STEM tasks. Schools might set up a digital platform where parents can log in to view their 

child’s progress and accomplishments. This allows parents to discuss STEM concepts, reinforcing 

what their children are learning in a casual, supportive setting at home.

•	 Emphasis  on Equitable Access

To ensure that all students benefit from gamified learning, it is crucial to address the digital divide 

and promote equitable access to gamification tools and resources. Many students, particularly 

in under-resourced schools or low-income communities, may lack reliable access to devices, 

software, or the internet, limiting their ability to engage in gamified learning experiences. Schools 

and policymakers must prioritize solutions to bridge this gap, ensuring that every student has the 

tools needed for participation.
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Strategies and Examples to Address the Digital Divide

•	 Utilization of Offline Gamification Tools

	� Example: Kahoot! and Quizizz offer offline modes where quizzes can be downloaded 

beforehand and run without internet access.

	� Strategy: Teachers can download STEM-related gamified quizzes (e.g., physics or math 

challenges) and conduct them in classrooms where internet connectivity is limited. 

Scores can still be tallied manually or via shared local devices.

•	 Device and Resource Sharing Initiatives

	� Example: Schools can implement rotational use of shared laptops or tablets for gamified 

learning activities using platforms like Classcraft or Minecraft: Education Edition.

	� Strategy: By setting up "Gamified Learning Stations" in classrooms, small student groups 

can work collaboratively on STEM challenges using shared devices. For instance, students 

can take turns designing energy-efficient cities on Minecraft: Education Edition during 

their station time.

•	 Address Accessibility and Inclusivity

It is recommended to ensure that gamification tools are accessible to all students, including those 

with disabilities. Use diverse game mechanics and adaptive technologies to make the learning 

experience inclusive, addressing the needs of all learners.

By implementing these recommendations, schools and educators can create a more dynamic and 

engaging learning environment that fosters students’ long-term interest in STEM subjects while 

addressing their varying learning needs.

•	 Recommendations for Educators

To ensure the effective and seamless implementation of gamification in STEM classrooms, 

educators need actionable strategies and tools to overcome barriers, maximize impact, and align 

gamification with learning objectives. The following recommendations focus on teacher training, 

addressing resistance, and providing adaptable solutions for resource-constrained settings. 

Educators require targeted training to successfully integrate gamification into their teaching 

practices. Training modules can help them build skills in using gamification tools, designing 

engaging tasks, and aligning game mechanics with learning outcomes.
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Module Examples:

•	 Module 1: Introduction to Gamification in Education

	� Content: Understanding the principles, benefits, and limitations of gamification in 

STEM subjects.

	� Tools: Platforms like Kahoot!, Classcraft, Quizizz, and Minecraft: Education Edition.

•	 Module 2: Designing Gamified Lesson Plans

	� Content: Practical training on integrating game elements (points, leaderboards, 

challenges, feedback) into lesson plans.

	� Activity: Teachers create a sample gamified lesson for topics such as the water cycle, 

coding basics, or geometry.

•	 Module 3: Assessment in Gamified Classrooms

	� Content: Using formative and summative assessments in gamified settings while 

maintaining educational rigor.

	� Tools: Google Forms for pre/post-tests, progress trackers in ClassDojo.

•	 Module 4: Adaptive Gamification for Differentiated Learning

	� Content: Strategies for creating personalized learning paths through tools like Prodigy or 

Kahoot!’s adaptive quizzes.

	� Outcome: Teachers learn to adjust difficulty and rewards based on student progress.

Strategies to Overcome Resistance to New Methods

Resistance to new teaching methods, like gamification, often arises from misconceptions, lack 

of familiarity, or fear of disrupting existing practices. Addressing these concerns proactively can 

encourage broader adoption. For example by organize teacher peer sessions where early adopters 

share their success stories with gamification in classrooms, highlighting measurable improvements 

in student engagement and motivation. Teachers can also showcase research evidence and case 

studies demonstrating the benefits of gamification in STEM education (e.g., increased student 

participation and improved conceptual understanding).
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•	 Hands-On Pilots: 

	� Start with small, low-risk gamification strategies, such as using Kahoot! for quick quizzes 
or Breakout EDU for puzzle-based group tasks. Teachers can gradually scale up after 
seeing positive results.

	� Encourage short “trial phases” (e.g., 2–3 weeks) of gamified lesson implementation to 
allow teachers to experiment with minimal pressure.

Integrating Gamification in Resource-Constrained Classrooms

Resource constraints, such as limited technology access, budgetary limitations, or large class 

sizes, can pose significant challenges. However, gamification strategies can be adapted to these 

environments effectively.

•	 Low-Tech and No-Tech Gamification:

	� Example: Use printed worksheets or gameboards with manual point systems or leader-
boards. For instance, students can complete “Mission Cards” (physical task cards) to 
unlock new activities related to STEM concepts.

	� Activity: Teachers can create hands-on puzzles and challenges, such as “Build a Bridge 
Challenge” using inexpensive materials like paper straws, tape, and cardboard, fostering 
problem-solving skills.

Linking Findings to Research Questions

To ensure the study findings are directly connected to the research questions, the following section 

elaborates on the alignment between the research questions and the key results:

Research Question 1: How does gamification influence student motivation and 

engagement in STEM education?

The findings of this study provide clear evidence that gamification positively influences student 

motivation and engagement in STEM education among middle school students. The pre- and 

post-gamification analysis revealed that gamification fosters a deeper interest in STEM subjects, 

encouraging students to learn for the sake of learning rather than external rewards. The study 

recorded a notable rise in students’ interest in STEM classes through Gamified elements, such as 

challenges and leaderboards, made STEM subjects more engaging and interactive, transforming 

traditionally complex topics into enjoyable learning experiences. There was also a significant 

improvement in students’ willingness to participate in classroom activities. The results indicate 

significant improvements across multiple dimensions of motivation and engagement. These 

results suggest that gamified strategies not only capture students’ attention but also deepen their 

emotional connection and critical thinking abilities in STEM subjects.
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Research Question 2: Which gamification elements most effectively improve 
motivation and engagement?

The findings highlight specific gamification elements were most effective in enhancing student 

motivation and engagement in STEM education. The findings reveal that gamification elements 

such as points, badges, leaderboards, challenges, and feedback mechanisms effectively 

enhance motivation and engagement in STEM subjects. These elements provide immediate 

rewards, encourage healthy competition, and connect learning to real-world applications, making 

STEM education more interactive and appealing for middle school students. In addition, these 

elements encouraged active participation, fostered competition, and aligned with students’ 

intrinsic and extrinsic motivational needs.

Research Question 3: What challenges do students and teachers face in implementing 

gamified STEM education?

The findings reveal several significant challenges that students and teachers encounter while 

integrating gamification in STEM education. These challenges highlight critical areas that need 

to be addressed to ensure the successful implementation of gamified learning environments. 

The study identified access to technology, digital divide, time constraints, variable participation, 

and sustainability of motivation as key challenges in implementing gamified STEM education. 

These findings suggest a need for targeted interventions, such as teacher training, infrastructural 

improvements, and adaptive gamification designs, to overcome these barriers and create a more 

inclusive, effective learning environment.

Research Question 4: What are the potential challenges and limitations of integrating 

gamification in middle school STEM classrooms.

The findings provide a detailed account of the challenges and limitations faced during the 

integration of gamification in middle school STEM classrooms. These issues emphasize the 

importance of addressing infrastructural, pedagogical, and motivational barriers to ensure the 

success of gamified learning. The integration of gamification in middle school STEM classrooms 

faces significant challenges, including technology access, time constraints, variability in 

participation, sustainability of motivation, and alignment with curriculum goals. These 

findings underscore the need for infrastructural improvements, teacher training, and adaptive 

gamification strategies to overcome these limitations and fully harness gamification’s potential in 

STEM education.
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Conclusion

The study examined gamification’s impact on student motivation and engagement in middle 

school STEM education, revealing that well-designed gamification elements—such as challenges, 

leaderboards, and real-time feedback—significantly boost engagement and critical thinking. These 

findings align with Self-Determination Theory, underscoring the roles of autonomy, competence, 

and relatedness in fostering intrinsic motivation. However, challenges, including technology access 

disparities, time constraints, and varying student participation, highlight the need for strategic 

implementation. Additionally, the novelty effect of gamification may fade, indicating that periodic 

updates to game mechanics are essential to maintain student interest. This research underscores 

gamification’s potential to enhance STEM education, provided it is carefully designed and 

supported. Future studies should explore long-term impacts and adaptive strategies to maximize 

sustained engagement and learning outcomes.

Educational implications

•	 Data-Driven Teaching Approaches
Gamification tools often provide valuable data on student performance, participation, and 

progress. Educators can use this data to inform instruction, identify student learning gaps, and 

personalize the learning experience. The integration of gamification should be combined with 

data-driven decision-making to improve instructional effectiveness and student outcomes.

•	 Shaping Future Pedagogical Practices
Gamification’s potential in middle school STEM education points to a broader transformation 

of pedagogical practices. As gamification is further integrated into educational environments, it 

can reshape how educators design lessons, engage students, and assess learning outcomes. This 

shift may lead to the development of new teaching methodologies that prioritize student-centred, 

interactive, and game-based learning experiences.

•	 Broader Implications of Gamification in STEM Education
By fostering sustained interest and engagement in STEM subjects, gamification can help prepare 

students for future careers in science, technology, engineering, and mathematics, thereby 

contributing to the development of a highly skilled and innovative workforce equipped to meet 

the demands of an increasingly technology-driven world.

These educational implications suggest that the thoughtful integration of gamification in STEM 

education can not only increase student motivation and engagement but also contribute 

to the development of critical skills necessary for success in STEM fields. However, effective 

implementation requires addressing challenges such as technological access, teacher training, and 

long-term sustainability.
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Transforming education systems 

toward the knowmad paradigm 
John W. Moravec, Ph.D.  

Abstract

The rapid pace of technological advancement, social change, and global interconnectedness 

necessitates a comprehensive revision of educational systems. This chapter examines how 

“education” must evolve to prepare students for future jobs and work environments that are 

beyond our current imagination. As automation, artificial intelligence, and global collaboration 

reshape our world, education must adapt to equip students with the necessary skills for an 

unpredictable and dynamic future.

This necessitates a reexamination of the questions of why and how we educate, envisioning a shift 

from physical spaces to limitless virtual environments where students can learn and experiment 

without constraints. This relates to a new educational paradigm that prioritizes emotional 

intelligence, resilience, and global citizenship. Emerging futures-ready workers, or knowmads, 

thrive as nomadic knowledge workers in uncertain landscapes: creative, culturally aware, capable 

of cross-border collaboration, and equipped with trans- and post-disciplinary knowledge and 

skills.

The chapter will focus on two main themes:

1.	 Theorizing future job markets and the emerging requirements for human potential 
development.

2.	 Showcasing successful implementations of innovative concepts that present a vision of 

learning and development of knowmads.

By highlighting case studies and current research, this chapter presents a vision for what can 

happen next. It concludes with a call for a comprehensive overhaul of the educational system 

to meet the demands of an uncertain future. By embracing innovation and rejecting traditional 

limitations, we can prepare a generation of learners ready to thrive in a constantly evolving world. 

This text aims to inspire educators and policymakers to build a metacognitive view of the future 

and their place in the present to enable them to chart bold, visionary pathways for transformation.
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The future of work is already here

The landscape of work has undergone significant transformations over the past century, evolving 

from a focus on manual labor to one dominated by information and knowledge work. In the 

industrial era, jobs were largely defined by repetitive tasks requiring physical strength and manual 

dexterity. However, with automation and technological advances, many of these roles have either 

diminished or evolved into more complex positions demanding cognitive skills (Brynjolfsson & 

McAfee, 2014). For instance, the role of an auto mechanic, once centered on hands-on mechanical 

repairs, has shifted to involve diagnostic work that requires understanding computerized systems 

and electronic components (Susskind & Susskind, 2015). This evolution reflects a broader trend 

where technology not only changes the tools we use but also redefines the nature of work itself.

In today’s labor market, we are witnessing an unprecedented integration of technology into virtually 

every industry, reshaping job roles and creating a demand for new skill sets (Moravec & Martínez-

Bravo, 2023). Automation and artificial intelligence are handling not only repetitive manual tasks 

but are also beginning to perform complex analytical functions, leading to the displacement of 

certain jobs while simultaneously giving rise to new opportunities that require advanced cognitive 

and technical abilities (World Economic Forum, 2023). The rise of the gig economy, remote work, 

and digital platforms has further diversified employment structures, emphasizing the need for 

adaptability, continuous learning, and the ability to synthesize information from various sources. 

In this rapidly evolving environment, workers must navigate a landscape that necessitates flexibility 

and innovation throughout one’s career (see esp. Autor, Mindell, & Reynolds, 2023; Goldin, 2022).

As we progress further into the 21st century, the complexity of job markets will continue to 

increase. The shift from information labor—which focuses on managing and interpreting existing 

data—to knowledge work—which involves creating new insights and applying expertise to 

solve complex problems—underscores the growing importance of cognitive abilities over purely 

technical skills (Drucker, 1993; Davenport, 1998). In this context, individuals who can think 

critically, integrate knowledge from multiple disciplines, and solve complex challenges will thrive. 

The future job market will increasingly favor those who are not confined to a single domain of 

expertise but can operate across various fields—a concept often referred to as post-disciplinary 

work, an approach that transcends traditional academic disciplines, integrating knowledge and 

methods from various disciplines to address complex problems holistically (Deming, 2017).

Emerging from this landscape are professionals known as knowmads—post-disciplinary individuals 

who embody the versatility required in future job markets. Knowmads are “creative, imaginative, 
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and innovative people who can work with almost anybody, anytime, and anywhere” (Moravec, 

2013, p. 19). By moving beyond traditional disciplinary boundaries, they draw upon a diverse range 

of knowledge and experiences to innovate and adapt. As machines and artificial intelligence (AI) 

take over routine tasks, the human workforce will need to focus on areas where human cognition, 

creativity, and emotional intelligence provide an advantage: knowledge-based work. This evolution 

highlights the importance of developing a workforce that is not only skilled in specific areas but 

also capable of navigating and integrating knowledge from various domains.

Three key attributes characterize knowmads:

1.	 Personal knowledge mastery: A knowmad maintains a rich and evolving repository of 

personal knowledge, integrating insights from tacit and explicit learning experiences. This 

mastery allows them to draw on a broad base of expertise, continually updated through 

active learning and practical application.

2.	 Knowledge mobility: Knowmads are skilled at applying their knowledge in diverse contexts, 

demonstrating the ability to transfer and adapt their expertise across different domains. 

This flexibility enables them to navigate new challenges and contribute to various projects, 

showcasing their versatility.

3.	 Strategic knowledge application: Knowmads excel in applying their knowledge with clear 

intent and purpose. They strategically use their expertise to address specific problems, 

achieve defined goals, and drive meaningful outcomes. This focused application ensures 

that their knowledge has a tangible impact and contributes to solving real-world challenges.

The rapid acceleration of technological change is reshaping the landscape of work in profound 

ways. As digital technologies advance, they bring about significant shifts in how industries operate, 

how value is created, and how labor is organized. These changes are not just incremental but 

transformative, demanding a new kind of worker who can navigate and thrive in this changing 

environment.

As nomadic knowledge workers, knowmads represent this emerging breed of workers. Their ability 

to adapt quickly to new technologies, their willingness to learn continuously, and their capacity 

to apply their knowledge across various contexts defines them. Whereas workers from legacy 

socioeconomic systems may specialize in a single discipline, knowmads in this new paradigm are 

post-disciplinary; they draw on diverse fields of knowledge to build a base of personal knowledge 

to solve complex problems and innovate in unpredictable ways.
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Moreover, the integration of AI and automation into the workplace will further redefine job roles 

and expectations. As machines handle more of the routine and predictable tasks, employers will 

expect human workers to engage in more strategic, creative, and empathetic roles. This shift will 

require a workforce that not only has technical proficiency but is also adept at critical thinking, 

problem-solving, and interpersonal communication. Those who can blend technical expertise with 

a deep understanding of human needs and behaviors will be positioned to lead in the emerging 

job market (World Economic Forum, 2023).

For knowmads, as post-disciplinary workers, the development and integration of both tacit and 

explicit knowledge are crucial for success. Tacit knowledge, which is personal, context-specific, and 

often difficult to formalize, includes the insights, intuitions, and skills gained through experience 

(e.g., “learning by doing”). It enables individuals to form the foundation of expertise and innovation, 

navigate complex situations, and make informed decisions that cannot be easily codified. On 

the other hand, explicit knowledge is more formalized and easily communicated (e.g., through 

books or formal education), as it consists of facts, procedures, and theoretical understandings 

that people can document and share (see esp. Collins, 2010; Nonaka & Takeuchi, 1995; and 

Polanyi, 1958). For knowmads, the ability to effectively develop, integrate, and apply both types 

of knowledge is essential. They must not only master the explicit knowledge necessary for their 

fields but also cultivate the tacit understanding that allows them to apply this knowledge in novel 

and creative ways. The synergy between tacit and explicit knowledge empowers knowmads to 

operate effectively in diverse and rapidly changing environments, making them valuable assets in 

the knowledge economy.

Emerging requirements for human potential development

Fostering the development of knowmadic workers necessitates a refocus on skills and competencies 

that emphasize human development. Often referred to soft skills and competencies, knowmad 

skills are not just enhancements of existing capabilities; they represent a fundamental shift in how 

we best enable individuals to think, learn, and operate in the modern world.

Knowmad skills differ from technical skills in both their nature and application. While technical 

skills are specific, task-oriented abilities that can be taught, measured, and standardized—such 

as coding, data analysis, or operating machinery—knowmad skills encompass more abstract 

cognitive, interpersonal, and adaptive capabilities. These skills, including creativity, critical 

thinking, emotional intelligence, and lifelong learning, transcend a single discipline or task and 

can be applied across various contexts and challenges. Unlike technical skills, which can quickly 
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become outdated as technology and processes evolve, knowmad skills are durable and versatile, 

enabling individuals to navigate uncertainty, adapt to change, and innovate continuously in new 

contexts. Knowmad skills empower individuals to apply their personal knowledge in dynamic, 

real-world situations, making them indispensable in a rapidly changing work environment where 

adaptability and innovation are key to success.

Knowmad skills include:

•	 Curiosity and lifelong learning: Curiosity fuels the drive for lifelong learning, which 

is essential for knowmads. A strong sense of curiosity leads to a continuous pursuit of 

knowledge, encouraging knowmads to explore new ideas, acquire new skills, and stay ahead 

in an evolving world (Illeris, 2017). This combination enables knowmads to adapt to change, 

innovate, and maintain relevance in their careers.

•	 Adaptability and flexibility: Knowmads must be adaptable to meet the needs of a rapidly 

changing world. Flexibility is essential, enabling individuals to adjust to new situations, roles, 

and challenges quickly. The ability to navigate uncertainty and redefine one’s role as needed 

is crucial for success.

•	 Self-motivation, initiative, and an entrepreneurial mindset: An entrepreneurial mindset 

is vital for knowmads. Knowmads must be proactive and pre-active, taking charge of their 

career trajectories by identifying opportunities and turning ideas into actionable outcomes 

to lead the future. This includes the ability to identify opportunities, take calculated risks, 

and manage projects efficiently.

•	 Metaliteracy: Extending beyond traditional digital literacy, metaliteracy emphasizes the 

ability to critically evaluate and effectively use information across various digital platforms. 

It encompasses not only technical skills but also a deep, critical understanding of how 

information is created, shared, and consumed in a digital age (Mackey & Jacobson, 2019). 

Metaliterate knowmads foster the skills needed to navigate complex information and 

knowledge environments, including the ability to assess credibility of information, manage 

digital resources, and actively engage in the purposive application of knowledge in new 

contexts.

•	 Critical thinking and problem solving: Knowmads must be adept at critical thinking and 

problem-solving. These skills are vital for analyzing complex situations, addressing ambiguity, 

and developing innovative solutions to challenges that arise in dynamic environments.
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•	 Creativity and innovation: Creativity and innovation are central to the work of knowmads. 

The ability to generate new ideas and develop unique solutions is necessary for staying ahead 

in competitive environments. Knowmads must be proactive in driving change and setting 

trends.

•	 Post-disciplinary knowledge development: The integration of knowledge from multiple 

disciplines is key for knowmads, together with integration of unique knowledge at a 

personal level. Solving complex problems often requires an understanding of various fields, 

combined with personal experiences. The ability to synthesize these explicit and tacit forms 

of knowledge helps create innovative solutions.

•	 Collaboration and networking: Effective collaboration and networking are critical for 

knowmads. Working well with others, regardless of location or cultural background, and 

maintaining a broad professional network are essential for leveraging collective expertise 

and achieving goals.

•	 Communication skills: Strong communication skills are necessary for knowmads. Whether 

in writing, speaking, or digital communication, the ability to convey ideas clearly and 

persuasively to various audiences is essential.

•	 Intercultural competence: A global perspective and cultural awareness are important for 

knowmads. Working effectively across borders and understanding diverse cultural contexts 

enhance the ability to collaborate internationally and adapt to global trends.

•	 Emotional intelligence: Emotional intelligence is essential for managing relationships in the 

workplace. Knowmads must be capable of understanding and managing their emotions, as 

well as recognizing and responding to the emotions of others, to build effective teams and 

resolve conflicts. Developing social and emotional skills in students not only enhances their 

academic performance but also contributes to better life outcomes, including higher levels 

of well-being and improved employability (OECD, 2021).
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Knowmads in today’s workforce

To fully understand the knowmad profile, it is essential to explore how the educational system 

can foster knowmadic qualities in learners, preparing them for roles that require adaptability, 

interdisciplinary thinking, and innovation. Rather than focusing solely on individual career paths, 

the emphasis should be on how educational reforms can cultivate such skills in students from 

an early stage. For instance, curricula that integrate project-based learning, interdisciplinary 

collaboration, and exposure to real-world challenges would allow students to develop the 

flexibility required to navigate diverse fields such as technology, healthcare, and education. These 

educational experiences encourage students to adopt the same fluid, adaptive approach seen in 

knowmads, positioning them to excel across multiple sectors.

Within education systems, knowmadic learners bring creativity and critical thinking to drive reform 

and innovation. Their ability to connect knowledge from various disciplines can help schools and 

universities rethink modal teaching models, encouraging institutions to evolve beyond subject-

specific silos. For example, interdisciplinary programs that merge technology, arts, and social 

sciences could mirror the way knowmads synthesize knowledge to solve complex problems. In 

this way, education reform focuses on fostering adaptable thinkers capable of addressing diverse, 

rapidly changing challenges in the workforce and society.

On a broader societal level, educational reforms that promote knowmadic skills contribute to 

the development of resilient and adaptable communities. By encouraging students to collaborate 

across disciplines and engage in problem-solving for real-world issues, schools can play a critical 

role in preparing future leaders who can tackle global challenges such as climate change, public 

health, and social inequality. For instance, a program integrating environmental science, social 

policy, and digital technology could empower students to design sustainable solutions for urban 

development, similar to how knowmads apply interdisciplinary knowledge to shape the future of 

cities.
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Example knowmad profiles

David Nguyen’s mastery of graphic design, motion graphics, and programming exemplifies the 

convergence of creative and technical skills, aligned with the goals of lifelong learning policies. His 

collaboration with schools and institutions reflects policy shifts toward integrating digital literacy into 

curricula, as seen in frameworks such as the European Union’s Digital Education Action Plan (2021-

2027). By creating immersive, media-rich learning environments, David illustrates how educational 

systems can move beyond traditional methods to embrace project-based and experiential learning. His 

work demonstrates how policy can encourage the blending of art, technology, and entrepreneurship, 

preparing learners to thrive in multidisciplinary, digital environments.

IAisha Rahman’s work exemplifies the principles of educational policy reforms that promote social 

innovation and sustainable development. Her water purification projects align with initiatives 

encouraging interdisciplinary education—combining engineering, social sciences, and cultural 

awareness to foster practical, community-centered solutions. Aisha’s projects also reflect the ethos 

of policy frameworks that emphasize civic education and local capacity building, empowering 

communities to become active participants in solving real-world challenges. By demonstrating how 

education policy can extend beyond formal schooling to enable communities to co-create knowledge, 

Aisha’s work points to the potential of policies that encourage cross-sector partnerships and social 

entrepreneurship.

Yara Patel’s transition from classroom teaching to consultancy reflects the goals of national policies 

promoting adaptive learning technologies and personalized education, such as the U.S. National 

Education Technology Plan (Office of Educational Technology, 2024). Her work in tailoring learning 

experiences to the unique cognitive needs of students exemplifies the shift toward learner-centered 

education policies. Yara’s ability to leverage cognitive psychology and instructional design within 

digital environments shows how policy-driven innovations can reshape the role of educators from 

knowledge transmitters to facilitators of personalized learning. Her projects provide a practical model 

for how education systems can align with emerging policies to foster inclusion, adaptability, and lifelong 

learning.

These examples illustrate how knowmads possess not just a broad range of skills, but highly personalized, 

deeply integrated knowledge that is difficult to replicate. Their mastery over specific, niche areas within their 

fields, coupled with their ability to apply this knowledge in ways that directly address unique challenges, 

showcases the essence of knowmadism in action. They are not just adaptable; they are irreplaceable due 

to the unique intersections of their expertise and the innovative ways they apply it in new contexts.
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Educating for knowmads

Historically, education systems were designed to prepare individuals to fit into predefined roles 

within a stable, industrialized economy. This approach often emphasized the acquisition of 

specific, technical skills suited to jobs that were largely predictable and unchanging. However, 

as the modern workforce increasingly demands adaptability, creativity, and interdisciplinary 

problem-solving, it is essential to reconsider whether these traditional educational goals align 

with contemporary needs. Today’s labor market requires workers who can continuously learn, 

innovate, and apply knowledge across various contexts—skills that are often underdeveloped in 

modal, discipline-bound education systems.

To meet shifting workforce needs, education requires specific reforms. Moving beyond the 

industrial-age model, it must prioritize lifelong learning, critical thinking, and adaptability. Project-

based and experiential learning models help students apply knowledge in real-world scenarios, 

promoting flexibility and innovation. Interdisciplinary curricula that combine technology, the 

arts, and social sciences better equip students for complex, cross-disciplinary work environments. 

Schools and universities must also emphasize soft skills such as emotional intelligence, collaboration, 

and adaptability, which are essential for navigating today’s evolving job market. These reforms 

are essential to developing the knowmadic skills students need to thrive in unpredictable future 

careers and work.

Aoun (2017) emphasizes that higher education must transform to become “robot-proof” by 

focusing on human strengths such as creativity, critical thinking, and lifelong learning, ensuring 

students remain relevant alongside advancing AI technologies. As echoed by other scholars, a one-

size-fits-all, factory-based approach to teaching and learning, modeled after early industrialization, 

is no longer relevant (see esp. Robinson, 2015; Zhao, 2012; and Dewey, 1986). Empirical research 

shows that education systems which emphasize individualized learning and skills development, 

rather than rote memorization, yield better long-term outcomes for students in terms of problem-

solving and adaptability (Fullan, 2015). For example, a meta-analysis by Condliffe (2017) found 

that project-based learning significantly enhances student motivation and performance in STEM 

subjects compared to traditional lecture-based teaching. To prepare students for the demands of 

the knowmad economy, education systems must align with these findings and adopt innovative 

approaches that emphasize personal knowledge development, adaptability, critical thinking, and 

creativity.
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One crucial change is the adoption of project-based and experiential learning methodologies. 

For example, Finland has integrated phenomenon-based learning into its national curriculum, 

encouraging students to explore real-world challenges through interdisciplinary projects. Project-

based learning allows students to engage in hands-on experiences that develop critical thinking, 

collaboration, and problem-solving skills—abilities crucial for navigating complex environments. 

Studies show that students participating in project-based curricula outperform their peers in 

areas such as communication and teamwork (Thomas, 2000). In the United States, programs 

such as Expeditionary Learning schools have demonstrated how experiential learning can foster 

not only academic growth but also social-emotional development, particularly in underserved 

communities (Berger, Rugen, & Woodfin, 2014).

Educational technologies play a key role in this transformation. The integration of digital tools and 

platforms can enhance learning experiences and provide students with the resources they need 

to succeed in a tech-driven world. Research shows that these technologies foster engagement 

and improve learning outcomes when implemented effectively (Bond et al., 2021). Technologies 

such as online collaboration tools, digital simulations, and adaptive learning platforms support 

personalized learning pathways, enabling students to progress at their own pace based on 

their unique needs and interests (Pane et al., 2015). For example, virtual reality (VR) offers 

immersive learning experiences that simulate complex scenarios, enhancing not only conceptual 

understanding but also spatial awareness and problem-solving skills. Studies have found that VR-

based learning can improve retention rates and increase student motivation in STEM subjects 

(Makransky & Lilleholt, 2018).

The role of educators must evolve to support this new paradigm. Future-relevant educational 

approaches need to empower teachers to transition from being the sole source of carefully 

curated knowledge to becoming facilitators of learning who guide and support students in their 

exploration and discovery. This involves creating learning environments that encourage inquiry, 

collaboration, and experimentation. For example, Finland’s national curriculum reform emphasizes 

teacher facilitation through phenomenon-based learning, where educators guide students in 

interdisciplinary projects that encourage inquiry and real-world problem-solving (Sahlberg, 

2021). Similarly, in the U.S., project-based learning programs such as those used by Expeditionary 

Learning schools demonstrate that shifting teachers into facilitator roles has a positive impact 

on student engagement and academic performance, particularly in marginalized communities 

(Berger, Rugen, & Woodfin, 2014). Research suggests that when teachers act as facilitators, 

students show improved critical thinking, collaboration skills, and higher retention of knowledge; 
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further, continuous professional development is crucial to effectively facilitate adaptative, learner-

centered education (Darling-Hammond et al., 2019).

Educators must also continuously develop new skills to keep pace with technological advancements 

and innovative teaching strategies. Professional development programs focused on integrating 

technology into the classroom have been shown to improve both teacher efficacy and student 

outcomes. For example, research from the Gates Foundation (2015) found that teachers who 

received targeted professional development in digital tools and adaptive learning systems 

reported increased confidence in using technology and observed improvements in student 

performance, particularly in personalized learning contexts. Additionally, the International Society 

for Technology in Education Standards provide a framework that guides educators in developing 

the competencies needed to foster inquiry-based and collaborative learning environments (ISTE, 

2019). These efforts are critical for equipping teachers with the tools necessary to effectively 

support knowmadic learning.

Finally, policies that focus on conformal, standardized testing and rigid curricula may not 

adequately support the development of critical thinking, creativity, and adaptability. Research 

suggests that over-reliance on standardized testing can narrow the curriculum, leading teachers 

to “teach to the test” and limiting opportunities for students to engage in deeper learning and 

resulting in greater inequalities in learning as an unintended outcome (Au, 2016). Burns and 

Gottschalk (2019) highlight that such an emphasis on measurable academic outcomes can also 

negatively affect students’ emotional well-being and engagement. They argue that the pressure of 

high-stakes testing contributes to increased stress and anxiety among students, which can hinder 

their ability to learn effectively and exacerbate educational disparities.

Studies have shown that standardized testing is not a reliable predictor of long-term success, with 

skills such as problem-solving, collaboration, and creativity identified as more essential for success 

in the emerging workforce (Heckman & Kautz, 2013). Furthermore, noting previous work by Neal 

& Schanzenbach (2010), the OECD (2023) warns, “standardised tests and examinations might also 

have the adverse effect of narrowing education goals to passing or showing proficiency on particular 

tests, and focusing instruction on those students who are close to average in performance while 

giving less attention to those who are far below or above

the average” (p. 233).
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If education is to truly prepare individuals for the challenges of the future, it must evolve to embrace 

approaches that encourage exploration, problem-solving, and continuous learning. This raises 

critical questions about the role of educators, the effectiveness of current teaching practices, and 

the integration of technology in learning environments. Are we equipping students with the tools 

and mindsets needed for a rapidly changing world, or are we reinforcing limitations that inhibit 

their potential? Revisiting these fundamental questions is crucial for transforming education to 

meet the demands of an increasingly complex and interconnected global society.

A showcase of successful implementations of knowmadic learning

At the national level

Examining successful implementations of knowmad skills across various contexts highlights the 

diverse approaches being taken around the world. For instance, in Finland, the education system 

has embraced a model of integrated learning that fosters interdisciplinary skills and student 

autonomy. Finnish schools employ project-based learning and collaborative methods that 

encourage students to apply their knowledge creatively across different subjects. This approach 

aligns with the knowmad ethos by developing students’ ability to think critically, solve problems, 

and adapt to new challenges. In Singapore, the government has invested in initiatives such as 

the SkillsFuture1 program, which emphasizes lifelong learning and skills upgrading. By providing 

citizens with access to a wide range of learning opportunities and encouraging continual skill 

development, Singapore is cultivating a workforce adept at navigating a rapidly changing job 

market.

In India, the Atal Innovation Mission2 promotes entrepreneurship and innovation among students 

through tinkering labs and mentorship programs, fostering a culture of creativity and problem-

solving aligned with knowmad skills. The program organizes mentorship programs that connect 

students with industry experts, innovators, and academia, providing guidance and support 

to nurture their problem-solving abilities (NITI Aayog, 2021). By integrating these practical 

experiences with academic learning, the Atal Innovation Mission cultivates an ecosystem where 

students become proactive learners and thinkers. This approach not only enhances their technical 

skills but also instills adaptability, collaboration, and an entrepreneurial mindset—key attributes 

of knowmads.

1  https://www.skillsfuture.gov.sg/

2  https://aim.gov.in/
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In contrast, the Bhutanese education system incorporated the concept of Gross National 

Happiness (GNH) into its curriculum, emphasizing not just academic achievement but also 

personal development and well-being. This holistic approach nurtures emotional intelligence, 

resilience, and interpersonal skills, all crucial elements of the knowmad profile. Similarly, in Kenya, 

the use of mobile technology in education through initiatives such as M-Shule3 demonstrates how 

technology can bridge educational gaps and foster self-directed learning. These diverse examples 

reflect how different cultures and systems are adapting their educational practices to cultivate 

the skills necessary for the knowmad economy. Yet, as Sherab & Schuelka (2023) explain in the 

case of GNH, implementations of these approaches toward individualized development and 

happiness of students rub against pressures for standardization, authority, and measurement. 

That is, pressures for standardization, authority, and measurement often prioritize test scores and 

uniform assessments, limiting educators’ autonomy and discouraging innovative practices (e.g., 

project-based learning). This focus on measurable outcomes can constrain meaningful learning by 

undervaluing critical skills such as creativity, problem-solving, and emotional intelligence, which 

are essential for success in a dynamic, knowledge-driven economy. There is still much to be solved.

In local and nonformal contexts

In local (community or school-level) and nonformal contexts, various initiatives exemplify how 

knowmadic principles are being applied to education and skill development. For a decade, 

the Knowmads Business School in the Netherlands (and various spinoffs) offered an innovative 

learning environment where students engaged in project-based learning, develop entrepreneurial 

skills, and work on real-world challenges (Spinder, 2013). This approach aligned closely with 

the knowmad paradigm by fostering adaptability, creativity, and self-directed learning. This 

environment was organized outside of formal education by individual creatives and entrepreneurs. 

A typical project might involve launching a social enterprise, organizing a sustainability campaign, 

or developing a digital solution for a local NGO. Workshops were facilitated by industry experts, 

entrepreneurs, and artists, emphasizing creativity, adaptability, and emotional intelligence. This 

self-directed model empowered students to take ownership of their education and reflect on 

their personal growth. Many graduates went on to become entrepreneurs or change agents within 

organizations, demonstrating the long-term impact of this knowmadic approach. The school’s 

spinoff initiatives continue to inspire similar programs worldwide, proving that education can 

thrive outside formal systems by fostering autonomy and collaborative problem-solving.

3  https://www.mshule.com/
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The Kaospilot Education4 program in Denmark represents another successful example of an 

accredited formal-nonformal blended education that incorporates knowmad principles. This 

program is designed to cultivate innovative leaders through experiential learning, emphasizing 

creativity, leadership, and social entrepreneurship. Students are encouraged to lead community-

based initiatives, such as creating pop-up art galleries or launching start-up incubators for local 

entrepreneurs. A unique aspect of the program is its mentorship model—each student has access 

to personal mentors who guide their learning journeys, offering feedback on both professional 

and personal growth. Kaospilot students frequently engage globally, reinforcing the importance 

of adaptability and cross-cultural collaboration. This combination of experiential learning and 

leadership development exemplifies the knowmad approach, equipping students with the tools 

to navigate and innovate in complex, unpredictable environments.

The World Bank’s Evoke5 platform provides a unique example of leveraging technology for 

educational purposes. Evoke is an online game designed to teach and inspire players about social 

innovation and entrepreneurship for solving global grand challenges such as climate change and 

migration. By engaging users in scenario-based learning and collaborative problem-solving, Evoke 

supports the development of skills relevant to the knowmad economy, such as curiosity, creativity, 

and resilience.

Self-directed education also plays a crucial role in developing knowmad skills. This approach 

empowers learners to take control of their own learning journey, setting their own goals and 

pursuing knowledge in a way that aligns with their interests and needs (Gray, 2023). Self-directed 

learning fosters independence, critical thinking, and lifelong learning—key attributes of the 

knowmad profile. Unlike mainstream education models that rely on standardized curricula, self-

directed learning encourages individuals to set their own goals, explore areas of interest, and 

choose the methods and resources that suit their needs. For example, learners might design 

personalized study plans that combine online courses, independent reading, mentorship, and 

hands-on projects. They can engage in activities such as building a coding portfolio, creating 

digital art, conducting citizen science observations or experiments, or volunteering with grassroots 

organizations to apply their knowledge in real-world contexts.

4  https://www.kaospilot.dk/kaospilot-education/

5  https://www.worldbank.org/en/topic/edutech/brief/evoke-an-online-alternate-reality-game-supporting-social-innovation-among-young-
people-around-the-world
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Granting schools autonomy fosters innovation, allowing them to tailor curricula to local needs and 

global trends (Fullan, 2015). Extending on this idea, communities centered around self-directed 

education, such as democratic schools or learning cooperatives, offer supportive environments 

where learners collaborate on projects, share knowledge, and engage in peer-led workshops. These 

communities also encourage reflection and iteration, helping learners identify their passions while 

developing critical skills (i.e., time management, adaptability, and problem-solving). Tools such 

as journals or digital portfolios allow students to document their progress, refine their learning 

strategies, and build self-awareness, key attributes of the knowmad profile.

For example, Sudbury-type schools (see esp. Hartkamp-Bakker & Martens, 2024) and Agile Learning 

Centers6 in the U.S. provide spaces where students of all ages pursue individualized learning paths 

with guidance from facilitators rather than traditional teachers. Students are free to explore topics 

ranging from environmental sustainability to entrepreneurship, often engaging in interdisciplinary 

projects that blend theory and practice. Similarly, graduates of self-directed programs often pursue 

unconventional careers, moving fluidly between fields and adopting entrepreneurial mindsets, 

demonstrating how this approach cultivates the versatility required for today’s dynamic economy.

Online learning platforms such as Coursera7 and edX8 provide flexible, self-directed education 

across diverse disciplines, enabling learners to integrate new skills into their professional and 

personal lives. Hackathons and innovation challenges bring together participants from different 

backgrounds to collaboratively solve problems, showcasing the practical application of varied 

expertise. And global collaborative projects such as Wikipedia and open-source software initiatives 

show how collective knowledge creation and refinement occur through diverse contributions. 

These examples collectively demonstrate how knowmadic learning actively involves acquiring and 

applying knowledge in dynamic and multifaceted ways through practice. While these examples 

demonstrate significant progress in integrating knowmadic learning principles, there remain areas 

where further innovation and effort are required to fully realize the potential of education in the 

21st century.

6  https://www.agilelearningcenters.org/

7  https://www.coursera.org/

8  https://www.edx.org/
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Unrealized opportunities

Although educational practices and knowmad-type skills development have advanced, several 

opportunities remain underexplored. One notable area is the potential for cross-sector collaboration 

to enhance educational outcomes. For example, imagine a partnership between an environmental 

NGO and a university’s anthropology department, where students and community members co-

design sustainable solutions for rural communities. In this collaboration, anthropology students 

might conduct ethnographic research to understand local cultural practices and daily routines, 

while environmental science students work on developing eco-friendly technologies tailored to 

these insights. Together, they engage in hands-on activities such as prototyping water filtration 

systems using locally available resources, facilitating community workshops, and building pilot 

projects that reflect both environmental needs and cultural values.

In addition to providing students with practical, real-world learning, such a collaboration could 

also bridge the gap between explicit academic theory and tacit social actions. By working alongside 

community members and professionals from different fields, students develop interdisciplinary 

problem-solving skills and gain experience in navigating the complexities of real-world challenges. 

Such initiatives showcase the potential of integrated learning environments to foster innovation 

while addressing authentic social and environmental issues.

Another unrealized opportunity lies in the widespread implementation of adaptive learning 

technologies. While some educational institutions have adopted these tools, their full potential 

remains largely untapped. Holmes and Tuomi (2022) argue that in the post-digital era, integrating 

AI and adaptive technologies into education is essential for creating personalized and flexible 

learning environments. They emphasize that these technologies can support individualized learning 

paths, cater to diverse learning styles, and promote learner autonomy—all critical components 

for developing knowmad skills. However, they also highlight challenges such as ensuring equitable 

access, addressing ethical concerns related to data privacy, and the necessity for educators to adapt 

their pedagogical strategies to effectively utilize these technologies. Adaptive learning platforms, 

which adjust the content and pace based on individual student performance, could enhance 

personalized learning experiences and better support the development of knowmad skills.

Expanding the use of these technologies, particularly in under-resourced areas, could bridge 

educational gaps and provide equitable access to high-quality learning experiences. Furthermore, 

there is a need for more comprehensive research into the long-term impacts of knowmad skills 

on career development and organizational success. While the immediate benefits of fostering 
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adaptability, creativity, and critical thinking are evident, understanding their long-term effects on 

professional growth and job satisfaction is crucial. Research could explore how these skills influence 

career trajectories and how organizations can effectively leverage them to drive innovation and 

competitiveness.

Several steps can be taken to capitalize on these unrealized opportunities. First, fostering greater 

collaboration between educators, industry professionals, and technology providers is essential. 

By creating cross-sector partnerships that bridge the gap between theory and practice, we can 

develop more effective educational models that prepare students for the realities of the modern 

workforce. This collaborative approach could involve joint research projects, shared resources, 

and co-designed curricula that align with both academic and industry needs.

Second, expanding implementations of adaptive learning technologies should be a priority. 

Educational institutions and policymakers should invest in the development and deployment of 

these tools, ensuring they are accessible to all students, regardless of their geographic or socio-

economic background. Pilot programs and case studies can help identify best practices and refine 

these technologies to better support individualized learning and skill development as a strategy 

to address the digital divide.

Third, conducting longitudinal studies on the impact of knowmad skills requires a concerted 

effort. Researchers should focus on tracking the career outcomes of individuals who have received 

education with a knowmad-oriented approach, examining how these skills influence their 

professional success and personal fulfillment. This research will provide valuable insights into the 

effectiveness of these educational strategies and guide future improvements.

We must advocate for specific policy changes that support innovative educational practices. 

Governments and educational bodies should revise curricula to include project-based and 

experiential learning as core components. These methods not only foster critical thinking, creativity, 

and adaptability but also prepare students for the complexities of a rapidly changing world. 

Policies should encourage continuous professional development for educators, equipping them 

with the skills and knowledge needed to facilitate this new paradigm of learning. By embedding 

these approaches into national education strategies, we can ensure that the transformation of 

educational systems is both sustainable and far-reaching.
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Toward the knowmad paradigm: Putting policy and practice in motion

The future of work is already here; but the future of education is not yet realized. The key problem 

in education is that legacy education systems are often rigid and outdated, focusing on rote 

learning and standardized testing rather than fostering the adaptability, critical thinking, and 

interdisciplinary knowledge needed to thrive in a rapidly changing, knowledge-driven world. This 

mismatch leaves learners ill-prepared to become knowmads who can navigate and innovate in 

complex, evolving environments.

The evolution of our education systems is not just necessary—it is imperative. Dominant 

mainstream educational models, designed for the early industrial age, are increasingly inadequate 

for preparing learners to succeed in an era defined by complexity, uncertainty, and the need for 

continuous adaptation. Societies around the world need a shift from conventional, discipline-

bound education to flexible, post-disciplinary learning environments that nurture citizens who 

are better equipped to navigate and shape the future (see esp. UNESCO, 2021).

Recent educational policy reforms in 2022-2023 signal a growing recognition of this need for 

change. For example, the European Union’s Digital Education Action Plan (2021-2027) emphasizes 

digital literacy, inclusion, and the development of skills for the future job market, while the U.S. 

National Education Technology Plan (Office of Educational Technology, 2024) promotes 

personalized learning and adaptive technologies to ensure that education keeps pace with the 

digital age. In countries such as Finland and Singapore, policies further imbed interdisciplinary 

learning and project-based approaches into national curricula, aiming to develop the types of 

soft skills and lifelong learning competencies that are critical for the future workforce. These 

reforms highlight the shift from content-focused learning to process-oriented education, where 

adaptability, creativity, and real-world problem solving are at the forefront.

Recommendations at the macro level

•	 Curriculum overhaul: National educational systems must prioritize reforms that shift away 

from purely content-driven models toward competency-based education. These policies 

should emphasize interdisciplinary approaches, digital literacy, and the integration of 

critical thinking and creativity as core components of curricula. For example, the widespread 

adoption of Finland’s phenomenon-based learning approach, which encourages students to 

explore real-world problems through interdisciplinary lenses, can serve as a model for other 

countries.
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•	 Investment in teacher training: At the macro level, it is essential that national 

governments invest in teacher professional development to equip educators with the 

skills needed to facilitate more adaptive, learner-centered education. Programs such as 

Singapore’s SkillsFuture provide continuous training and upskilling for teachers, ensuring 

that they can guide students in developing the knowmadic skills required by the future 

workforce.

•	 Technology integration: Policies must also focus on equipping schools with the necessary 

digital infrastructure to foster personalized and adaptive learning. The integration of AI-

driven tools that support individualized learning paths is critical to preparing students 

for the demands of the knowledge economy. Policies such as the U.S. National Education 

Technology Plan (Office of Educational Technology, 2024) highlight the need for digital 

infrastructure to support personalized learning.

Recommendations at the micro level

•	 School-level autonomy for curriculum design: Schools should be given greater autonomy 

to tailor their curricula to local needs and global trends, allowing for more flexibility in how 

they integrate project-based and experiential learning. This bottom-up reform would enable 

schools to innovate based on self-determined interests, community needs, and emerging 

industry demands relevant to the community.

•	 Fostering localized partnerships: At the micro level, schools can form partnerships with 

local businesses, NGOs, and universities to provide real-world learning opportunities for 

students. Such collaborations can enhance practical knowledge, while exposing students to 

interdisciplinary work environments, mirroring the versatility and adaptability of knowmads.

•	 Focus on social-emotional learning (SEL): Schools can implement programs that foster 

emotional intelligence, empathy, and resilience—skills that are increasingly recognized as 

crucial in both personal development and professional settings. The OECD’s (2021) survey 

on social and emotional skills highlights the significant impact that SEL has on students’ 

academic success and well-being, reinforcing the need for its integration into educational 

practices. Integrating SEL into everyday learning experiences helps students develop the 

interpersonal skills needed to thrive in the future workforce.
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Transforming our education systems to align with the knowmad paradigm is both an urgent 

necessity and a shared responsibility. The rapidly evolving nature of work demands that we equip 

learners with adaptability, creativity, and interdisciplinary knowledge. Significant opportunities 

exist to achieve this transformation:

•	 Leveraging adaptive learning technologies: Personalizing education through AI-driven 

tools can cater to individual learning needs, fostering self-directed learning and the 

development of critical knowmad skills.

•	 Fostering cross-sector collaborations: Partnerships between educational institutions, 

businesses, and communities can bridge the gap between theory and practice, enriching 

learning experiences and preparing students for real-world challenges.

•	 Enacting supportive policy reforms: Implementing policies that encourage curriculum 

innovation, invest in teacher professional development, and promote school-level autonomy 

can facilitate systemic change.

Failing to seize these opportunities risks leaving education systems—and the learners they serve—

ill-prepared for the complexities of the 21st century. This transformation involves implementing 

and supporting new educational methodologies that develop for the knowmad paradigm such as 

integrating adaptive learning technologies to personalize education, embracing project-based and 

experiential learning to connect theory with real-world applications, fostering interdisciplinary 

studies to develop versatile skill sets, and incorporating social-emotional learning to build resilience 

and empathy. These approaches prepare learners not just for the jobs of today but equip them 

with the adaptability, creativity, and critical thinking skills necessary to navigate future challenges 

and opportunities.

The responsibility to shape the future of education lies with all stakeholders. By committing to 

innovation, collaboration, and adaptability, we can create educational environments that empower 

learners to thrive in a dynamic world. It is imperative to act now, ensuring that future generations 

are equipped to meet the challenges and opportunities that lie ahead. Through deliberate and 

collective effort, we can transform education to not only reflect the demands of our century but 

to proactively shape more adaptable and creative societies.
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