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Abstract

Nanotechnology is a rapidly evolving interdisciplinary field with vast potential applications across various sectors, including 
medicine, electronics, and energy. Its integration into education presents both opportunities and challenges. To effectively teach 
nanotechnology, educators must foster knowledge-centered learning environments, promote interdisciplinary approaches, 
and provide early exposure to scientific research. Despite the increasing recognition of nanotechnology's importance, its 
successful integration into curricula requires addressing challenges such as the development of suitable teaching strategies, 
the dissemination of knowledge, and the training of educators. Key to overcoming these challenges is the need for continuous 
research, development of innovative instructional tools, and global collaboration to ensure the effective integration of 
nanotechnology education. Through these efforts, students can develop essential skills and scientific literacy, empowering 
them to contribute to the advancement of nanotechnology and its societal impact.
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Nanotechnology Integration

Nanoscience and nanotechnology are revolutionizing 
technology in the new millennium. Nanoscience is based 
on the study of the elementary principles of molecules 
and structures on the nanometric scale (scale of atoms 
and molecules - 1 x 10-9 meters) [1]. Its applications 
can open up new possibilities for future development in 
various areas of knowledge, such as medicine, information 
systems, biotechnology, electronics, and computer science, 
energy, among others, thus requiring an academic and 
multidisciplinary scientific education. Nanotechnology 
involves the application of nanoscience, promoting the use 
of new nanomaterials and nanometric components that can 
lead to the development of innovative products [1-3].

With the enhancement of current learning models 
aimed at aiding students in reaching satisfactory learning 
outcomes, the utilization of nanotechnology holds promise 
due to its myriad applications. Furthermore, in the world of 
technology or sports, students have role models that drive 
them to continue improving their techniques, and in many 
cases, their boundaries help them discover how enormous 
their potential is [4-6] much like scientists in nanoscience and 
nanotechnology can discover their potential. As part of the 
educational experience, students should conduct scientific 
research in different cultural contexts and be exposed to 
various approaches. These early exposures of students to 
scientific research, such as in nanotechnology, will tend to 
guide them more about the various career opportunities in 
the field, giving them an idea of how teamwork, disciplines, 
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and cultures function [7].

Many schools have been seeking new tools to revise 
their curricula and thus offer courses that can be relevant 
to their students’ knowledge. Several attempts have been 
proposed to introduce nanotechnology into the classroom; 
however, the absence of a coherent model and what its 
insertion will actually mean makes nanotechnology partially 
successful [8]. Since nanotechnology encompasses curricular 
interdisciplinarity, it raises the question: how will it integrate 
these concepts into existing and new courses? [9,10]. 
In addition to the development of training, courses, and 
pedagogical practices, the development of learning platforms 
can contribute to the future generation of nanoscientists. 
However, such strategies require long-term development 
of student learning [11]. However, constant training of 
professionals is necessary for the growth of nanotechnology 
in education, as well as preparing students to develop ways 
that help nanotechnology attract new students [12,13].

The inclusion of nanosciences and nanotechnologies 
in classrooms can contribute to the development of nano-
scientific and thus enable an educational approach for high 
school students. However, it is important to conduct research 
in all areas of nanoeducation, including teaching, teacher 
development, evaluation, and curriculum strategies, in order 
to shape effective educational practices for students [14,15]. 
In education, the fields of nanoscience and nanotechnology 
can further expand their knowledge boundaries, playing 
a fundamental role in the global economy [16]. Various 
educational practices have been developed to promote 
awareness that the use of nanoscience and nanotechnology 
can enhance advanced student learning [17]. The use of 
creative and innovative learning models in classrooms with 
nanosciences and nanotechnologies can be an alternative 
to developing more engaging curricula for students and 
thus taking a step forward for the new generation of 
nanoscientists.

In the educational realm, there are numerous approaches 
to directing, delivering, and emphasizing nanotechnology 
courses. The introduction of basic courses, advanced courses, 
laboratory practices, and interdisciplinary courses can be 
viewed as exemplary methods for crafting nanotechnology 
teaching curricula. However, the advancements in 
nanotechnology still pose challenges for academia, such as 
how to lead the new generation of nanoscientists and equip 
them with the qualifications to become competent scientists 
in the future [2,14]. Within engineering and science curricula, 
there exists a connection to general education courses like 
engineering, technology, and science. Nonetheless, students 
often exhibit deficiencies in this linkage, such as struggles 
with mathematics, biology, chemistry, engineering, and 
physics. Interdisciplinary education mandates a broader 

exploration of basic sciences, yet it is not insurmountable to 
substitute basic courses with multidisciplinary ones without 
encroaching upon fundamental coursework [18,19].

The Potential and Teaching Strategies of 
Nanotechnology

Interdisciplinarity and its rapid expansion are hallmark 
characteristics of the field of nanotechnology, integrating 
chemistry, physics, and biology to explore knowledge on 
the nanoscale [20]. To fully explore nanotechnology and its 
benefits for society, it is vital to consider its global potential 
and how it can impact education and students’ learning. 
Globalization plays a crucial role in the development of 
educational programs discussing the use of nanotechnology 
in learning and its integration into curricula, thus defining 
learning objectives [21].

As a teaching strategy, nanotechnology should be taught 
both inside and outside classrooms, fostering the development 
of learning-centered environments and knowledge 
generation. Since nanotechnology is an interdisciplinary 
science, initial nanotechnology courses should focus on 
teaching, allowing students to interactively learn about the 
use of nanotechnology through relevant information [22,23]. 
The use of technology inside and outside classrooms can play 
a significant role in interactive learning, enabling students to 
develop their research projects and laboratory experiments 
using nanotechnology. Furthermore, technology allows 
nanotechnology-related work to be disseminated worldwide 
through the internet [23,24].

Considering that numerous schools are seeking to include 
nanosciences and nanotechnologies in their classrooms, 
early exposure of students to interdisciplinary curricula 
containing the study of nanotechnology could bridge the 
gap between nanotechnology and the school environment, 
making subjects more engaging. However, various strategies 
in nano-education need promotion to make educational 
practices more effective with their use without interfering 
with existing courses [7,8,14,15,18,19].

Nanotechnology Learning

Education for academia aims to promote the formation 
of students capable of contributing to society. In order 
to stimulate learning, the Learning Unit (LU) seeks to 
promote actions aimed at developing, executing activities, 
planning, and organizing in the classroom environment 
[25,26]. Therefore, this phenomenon can contribute to 
the development of interdisciplinary ideas that enhance 
students’ knowledge. The didactic relationship between 
the educational and scientific nexus promotes the ability 
to translate knowledge generated in the classroom into 
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scientific production [27]. However, these experiences 
have not yielded adequate results since it is necessary first 
to expose motivational subjects to scientific innovations to 
students [28].

Nanoscience and nanotechnology are topics more geared 
towards contemporary science that are constantly advancing 
and are present in everyday society. Although these topics 
are present in society’s daily life, there are still few plans 
for their educational integration in school environments 
[29]. Nanotechnology/nanoscience can be used in a variety 
of applications for society, such as: for the production of 
cosmetics, films, drug delivery systems, sensitive devices, 
and other applications that use atomic manipulation [30] 
to bring some kind of benefit to the population. Teachers 
who promote any type of activity in a learning unit 
encourage students to discuss, argue, and seek answers 
that can enrich interdisciplinary development and views 
on specific topics such as nanotechnology and nanoscience. 
Interdisciplinarity can lead to new knowledge formation 
and reflection.

Challenges and the Future of Nano-Education

Nanotechnology is undeniably an interdisciplinary field 
that includes principles from chemistry, physics, biology, 
medicine, materials science, engineering, and others [31] 
that can present great potential and interdisciplinary 
approaches in education. Therefore, nanotechnology can be 
considered an effective platform for a career in education 
[32] and can provide its integration into new curricula. In 
education, the formation of a new generation of qualified 
and interdisciplinary professionals is considered one of the 
main challenges for the development of nanotechnology and 
its rapid progress in education. However, it is essential that 
interdisciplinary practices be introduced from childhood 
through the continuous education of students [33].

Creating knowledge-centered learning environments 
within and outside the classroom would be the best way 
to teach nanotechnology since nanotechnology is a rapidly 
developing technology that requires many creative ideas and 
an understanding of its concepts. Activities that stimulate the 
use of creative and critical thinking should receive greater 
priority throughout the learning process. Additionally, 
it is essential to develop an interdisciplinary curriculum 
to understand the sciences, including those relevant to 
nanotechnology [2,34].

The challenge of introducing nanotechnology into the 
curricula of various colleges and universities has already 
been reported, although there is still a need to better 
disseminate the various applications of nanotechnology 

in school environments [35]. Furthermore, promoting 
the integration of nanotechnology courses in colleges/
universities has begun to face its challenges through its 
pursuit [2]. Researchers and educators understand that 
awareness of nanotechnology is crucial for its continued 
and innovative growth, but nanotechnology requires its 
constant integration into curricular disciplines in order to 
enhance its applications and the future ideas of students 
[36].

As the irreversible growth of technology is accelerating 
globalization, in the future, no sector will be able to evolve 
and be productive without the use of technologies. With this 
in mind, it would be interesting for educators that students 
could face these challenges and also contribute to the 
generation of knowledge in areas of their interest [37]. Not 
only in nanotechnology but also in other areas of knowledge, 
the development of enhanced instructional tools and models 
in science and technology classrooms has the potential to 
build an understanding of the content [38]. Jones, et al. [39] 
demonstrated that students can increase their understanding 
of the nanoscale through the development of high-quality 
three-dimensional graphics and the use of virtual reality 
software. However, this approach has much more to offer to 
science/technology and education as a whole, but for this, 
it is of paramount importance that their students receive 
appropriate tools and support [39,40].

Educating students and providing them with 
essential skills for their future participation in the field of 
nanotechnology are considered some of the main goals 
of educators seeking to integrate nanotechnology into 
classrooms [41]. However, research has shown that the 
general public has little knowledge about nano-world 
applications [42,43]. Due to this lack of knowledge, the 
creation and implementation of these systems should 
continue diligently to avoid future problems in nano-
education and enable its use [44,45].

As students should have an interdisciplinary education 
in science as well as an understanding of the relationships 
of these interdisciplinary fields with nanotechnology, this 
requires that higher education institutions acquire standards 
to adapt their curricula and ensure the future teaching of 
nanosciences in their classrooms. Therefore, taking into 
consideration everything that has been reported above in 
this review, we can suggest that educational programs in the 
areas of nanosciences and nanotechnologies can be included 
in school curricula or in the form of courses/seminars/
lectures in order to complement students’ education. 
However, further studies are recommended to elucidate the 
future curricular integration of nanosciences.
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