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ABSTRACT 
Electromagnetic radiation (EMR) is integral to both the natural world and technological innovation, yet widespread 
misconceptions about its nature and effects persist among the public, educators, and students. This comprehensive 
review examines these misconceptions, analyzing their origins–including inadequate education, the complexity of 
EMR concepts, media misrepresentation, and educators’ own misunderstandings–and their impact on scientific 
literacy and public health. By reviewing a wide range of scientific studies, we identify common misunderstandings, 
such as conflating ionizing and non-ionizing radiation, believing all radiation is harmful, and confusing irradiation 
with contamination. These misconceptions contribute to unwarranted health anxieties, resistance to beneficial 
technologies, and challenges in science education. We highlight the critical need for effective EMR education 
through curriculum integration, innovative teaching methods, and enhanced teacher training. By addressing these 
misconceptions through strategic educational reforms and evidence-based communication, we aim to foster a 
scientifically literate society capable of making informed decisions about EMR and its applications. 
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INTRODUCTION 

Electromagnetic radiation (EMR) is a fundamental component of 
the physical universe, spanning a spectrum of energy forms that are 
vital to both natural phenomena and technological advancements 
(Batool et al., 2019; Jagetia, 2022; Wang et al., 2014; Yin et al., 2022; 
Zwinkels, 2014). EMR profoundly influences our daily lives, from the 
warmth provided by sunlight to the capabilities of medical imaging 
devices (Hewitt, 2015). Despite its importance and pervasiveness, the 
general public frequently has a poor understanding of EMR, which 
results in many misunderstandings. These misconceptions can have 
serious consequences, such as unjustified health concerns, opposition to 
new technology, and difficulties in teaching science (Gavrilas et al., 
2022b; Laitinen et al., 2014; Tsai et al., 2020; World Health 
Organization [WHO], 2014).  

Misconceptions about EMR are not confined to the general public; 
they are also prevalent among educators, high school students, and 
university students. This lack of accurate understanding directly 
impacts learning outcomes and future teaching practices (Neumann & 
Hopf, 2013). Students may have major misconceptions regarding the 
nature of radiation, its sources, and its consequences on health, which 
can perpetuate scientific illiteracy and obstruct effective physics 
education (Gavrilas & Kotsis, 2023a; Kotsis, 2024). Concerns about the 

possible health consequences of EMR exposure, particularly from 
mobile phones and wireless networks, have sparked public discussion 
and alarm (Farashi et al., 2022; International Agency for Research on 
Cancer [IARC], 2011). University students and young adults are 
especially heavy users of mobile phones, making them a key 
demographic for studying the impact of EMR misconceptions. 
Integrating EMR education into school curricula and utilizing engaging 
teaching methods, such as conceptual change texts and interactive 
activities, have shown promise in enhancing student understanding 
(Boyes & Stanisstreet, 1994; Henriksen & Jorde, 2001; Kotsis, 2024; 
Mubeen et al., 2008; Plötz, 2017). By employing these approaches, 
educators aim to capture students’ interest, correct misunderstandings, 
and foster scientific literacy. 

This review comprehensively examines misconceptions about 
EMR, drawing upon a wide range of scientific studies. We aim to 
identify common misconceptions, analyze their origins, examine recent 
research on health concerns related to EMR, highlight the importance 
of effective EMR education, and propose strategies to address them. 
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OVERVIEW OF THE ELECTROMAGNETIC 

SPECTRUM 

The electromagnetic spectrum is a foundational concept in physics 
that encompasses the complete range of EMR types, each distinguished 
by specific wavelengths and frequencies. This spectrum includes a 
diverse array of radiation forms, from low-frequency radio waves to 
high-frequency gamma rays (Abdo et al., 2007; Felder & Felder, 2022; 
Feynman et al., 2007). Grasping the electromagnetic spectrum is 
essential for understanding how different types of EMR interact with 
matter and affect biological systems. Moreover, it plays a critical role in 
numerous technological and medical applications, making it a 
cornerstone of scientific literacy and public awareness (Kotsis, 2024). 

The electromagnetic spectrum is traditionally divided into sections 
based on wavelength and frequency, with each zone representing a 
certain type of radiation (Felder & Felder, 2022). These regions, radio 
waves, microwaves, infrared (IR) radiation, visible light, ultraviolet 
(UV) radiation, X-rays, and gamma rays, cover the entire spectrum of 
electromagnetic phenomena (Geisler et al., 2021; Hewitt, 2015; IARC 
Working Group on the Evaluation of Carcinogenic Risks to Humans, 
2012; Kawase et al., 2015). Each form of EMR has distinct properties 
and interacts with matter in various ways, determining its uses and 
effects on living creatures (Grimes, 2022).  

Radio waves, occupying the longest wavelengths and lowest 
frequencies in the electromagnetic spectrum, are primarily utilized in 
communication technologies such as television, radio broadcasting, and 
mobile phone networks (Bartz, 2017; Ugweje, 2004). Microwaves, with 
slightly shorter wavelengths than radio waves, find applications in radar 
technology and microwave ovens (Goiceanu et al., 2011; Merckel, 1972; 
Osepchuk, 2009). IR radiation, perceived by humans as heat, is essential 
in applications like thermal imaging and remote sensing (Kuenzer & 
Dech, 2013; Neinavaz et al., 2021). 

The human eye can detect only visible light, which ranges from red 
(longer wavelengths) to violet (shorter wavelengths). This portion of 
the spectrum is critical for vision and a variety of technical uses, 
including photography and fiber optic transmission (Ergul et al., 2015; 
Narla et al., 2020). UV radiation, which has shorter wavelengths than 
visible light, can trigger chemical reactions such as sunburn. It is also 
employed in sterilizing procedures and vitamin D generation in the skin 
(Gromkowska-Kępka et al., 2021; Matsumura & Ananthaswamy, 2004; 
Meyer & Stockfleth, 2021; Østerlind, 1993; Saric-Bosanac et al., 2019; 
Tang et al., 2024). 

X-rays and gamma rays occupy the high-frequency end of the 
spectrum and have enough energy to penetrate most materials, which 
makes them invaluable in medical imaging and cancer treatment. 
However, their high energy levels also pose risks, as they can ionize 
atoms and damage biological tissues (Bell et al., 2022; Hill, 2004; 
Hussein et al., 2021; Poirier et al., 2020; Rahman et al., 2018; Yamamoto 
et al., 2023). 

IONIZING VS. NON-IONIZING RADIATION 

One of the most critical distinctions within the electromagnetic 
spectrum is between ionizing and non-ionizing radiation. This 
distinction is based on the energy level of the radiation and its ability to 
ionize atoms, which has significant implications for its biological effects 

and health risks (Azzam et al., 2012; Havránková, 2020; Mehdipour et 
al., 2021; Talapko et al., 2024; Xiao et al., 2020). 

Ionizing radiation includes X-rays, gamma rays, and high-energy 
UV radiation. It has enough energy to remove bound electrons from 
atoms, known as ionization (Bagatin & Gerardin, 2020; Liu et al., 2021; 
Reeve, 2018; Shayanfar & Pillai, 2022). This capability allows ionizing 
radiation to cause molecular damage, particularly to DNA, which can 
result in mutations and increase the risk of cancer (Maayah et al., 2022; 
Miousse et al., 2017; Sasanuma et al., 2020; Sitmukhambetov et al., 
2023). The biological impact of ionizing radiation depends on several 
factors, including the dose, duration of exposure, and the specific type 
of radiation. For example, while a medical X-ray delivers a controlled 
dose of ionizing radiation that is generally considered safe, prolonged 
exposure to high levels of gamma radiation, such as from radioactive 
materials, can be hazardous (Choppin et al., 2013). 

Non-ionizing radiation encompasses radio waves, microwaves, IR 
radiation, visible light, and lower-energy UV radiation. Unlike ionizing 
radiation, it lacks sufficient energy to ionize atoms or molecules. 
Instead, non-ionizing radiation causes molecules to vibrate or rotate, 
leading to thermal effects (Bryan, 2001; Wood & Karipidis, 2017). 
Microwaves heat food by inducing vibrations in water molecules, 
which generates heat (Deng et al., 2022; Heddleson & Doores, 1994; 
Vollmer, 2004). IR radiation is perceived as warmth by humans, and 
visible light allows us to see the world around us (Prangnell, 2016; Rizzi 
& Bonanomi, 2012; Wang & Zhao, 2022). 

Understanding the distinction between ionizing and non-ionizing 
radiation is crucial for accurately assessing the health risks associated 
with various forms of EMR exposure. Ionizing radiation can lead to 
severe biological damage at high doses (Mehdipour et al., 2021; Xiao et 
al., 2020), whereas the effects of non-ionizing radiation are generally 
limited to thermal impacts (Belpomme et al., 2018; Lahir, 2023; Tuieng 
et al., 2021). This differentiation is essential in fields ranging from 
radiation safety and public health to educational initiatives aimed at 
dispelling common misconceptions about EMR. 

BIOLOGICAL INTERACTIONS OF 

ELECTROMAGNETIC RADIATION 

How EMR interacts with biological systems depends on its energy 
and the type of tissue it encounters. Due to its high energy, Ionizing 
radiation can break chemical bonds and damage cellular structures, 
particularly DNA (Borrego-Soto et al., 2015; Jia et al., 2021; Reisz et al., 
2014). This damage can lead to mutations, potentially resulting in 
cancer or other health problems. Ionizing radiation is both a valuable 
tool in medicine and a potential health hazard (Mladenova et al., 2022; 
Talapko et al., 2024). It is used in medical imaging technologies like X-
rays and computed tomography scans to visualize the body’s internal 
structure and in radiation therapy to target and destroy cancerous cells 
(Pereira et al., 2014; Vila et al., 2010). However, strict safety protocols 
are necessary to minimize exposure and protect patients and healthcare 
workers (Heston & Tafti, 2024; McGowan et al., 2023). 

Non-ionizing radiation, on the other hand, typically interacts with 
biological tissues in less harmful ways. Radio waves are used in 
magnetic resonance imaging to create detailed images of internal organs 
(Carr & Grey, 2002; Edvardsen & Rosen, 2005; Lamb & Gedroyc, 1997). 
Visible light, crucial for vision, also plays a role in processes like 
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photosynthesis in plants and vitamin D synthesis in the human body 
(Aiello et al., 2024; Gudkov et al., 2017; Kochetova et al., 2022). While 
non-ionizing radiation is generally considered safe, excessive exposure 
to certain types, such as UV light, can cause damage. Overexposure to 
UV radiation can lead to skin damage and increase the risk of skin 
cancer (D’Orazio et al., 2013; Ichihashi et al., 2003). 

TECHNOLOGICAL AND MEDICAL 

APPLICATIONS OF THE ELECTROMAGNETIC 

SPECTRUM 

The electromagnetic spectrum is integral to numerous 
technological and medical applications, which rely on different types of 
EMR to function. Radio waves are essential for wireless 
communication, enabling technologies like mobile phones, Wi-Fi, and 
GPS (Daher et al., 1994; Idris et al., 2014; Yan, 2024; Zeleke et al., 2021). 
These applications depend on the ability of radio waves to travel long 
distances and penetrate buildings, making them ideal for transmitting 
information over large areas (Doviak & Zrnić, 1993; Frenzel, 2010; 
Sinclair, 2011). 

Microwaves are used in household appliances like microwave 
ovens, radar systems, and satellite communication (Amoah et al., 2018; 
Karmakar, 2016; Lacomme et al., 2001). The ability of microwaves to 
penetrate fog and clouds makes them particularly useful in navigation 
and meteorology (Carassa, 1973; Junying & Yongli, 2019; Thi Phuoc 
Van et al., 2019). IR radiation has applications in night vision 
equipment, remote controls, and thermal imaging, allowing us to see 
heat patterns in the environment and even detect diseases based on 
body temperature variations (Bramson, 1968; Puneet et al., 2022; Qu et 
al., 2015; Yan et al., 2021). 

Visible light, in addition to its obvious role in illumination and 
vision, is used in various optical technologies, including cameras, 
microscopes, and fiber optics. Manipulating visible light through lenses 
and mirrors enables us to explore the microscopic world and transmit 
information through light signals over vast distances (Ergul et al., 2015; 
Narla et al., 2020). 

While harmful in large doses, UV radiation is harnessed for 
beneficial purposes such as sterilizing medical equipment and purifying 
water. It is also crucial for producing vitamin D in the skin, which is 
essential for bone health (Gromkowska-Kępka et al., 2021; Matsumura 
& Ananthaswamy, 2004; Meyer & Stockfleth, 2021). 

X-rays and gamma rays, due to their high energy and penetrating 
power, are invaluable in medical diagnostics and treatment (Johnson et 
al., 2022; Nallanthighal et al., 2016; Rodrigues & Singhal, 2024; Schmidt 
et al., 2022). X-rays are used to image bones and detect fractures 
(Rahman et al., 2018), while gamma rays are used in cancer treatment 
to destroy malignant cells with precision (Baskar et al., 2012; 
Mosayebnia et al., 2023). 

THE NEED FOR ELECTROMAGNETIC 

RADIATION EDUCATION 

Given the diverse and significant applications of the 
electromagnetic spectrum, education systems need to provide students 
with a thorough understanding of EMR and its properties. This 
knowledge is crucial for future scientists and engineers and informed 

citizens who can make decisions about technology and health (Ardito 
et al., 2021; Gavrilas & Kotsis, 2023b; Han, 2020; OECD, 2005). 
Misconceptions about EMR, such as the belief that all radiation is 
harmful or that mobile phones emit dangerous levels of radiation, are 
widespread and can lead to public anxiety and resistance to technologies 
(Gavrilas & Kotsis, 2023b; Jauchern, 1991; Krawczyk et al., 2020; 
Neumann, 2014). 

Educational strategies should emphasize the distinctions between 
different types of radiation, their interactions with matter, and their 
respective risks and benefits. Students should learn about the safety of 
everyday non-ionizing radiation exposure from devices like 
microwaves and mobile phones, as well as the precautions necessary 
when dealing with ionizing radiation in medical settings (Furuta & 
Kusama, 2014; Millar, 1994; Millar et al., 1990; Prokop & Nawrodt, 
2024; Schuette et al., 2023; Silva & Trindade, 2022; Singh et al., 2008; 
Wojcik et al., 2019). 

Furthermore, public outreach and communication are vital for 
addressing misconceptions and promoting scientific literacy 
(Directorate-General for Internal Policies of the Union (European 
Parliament) et al., 2019; Lopes et al., 2024; OECD, 2023; Tuttle et al., 
2023; Valladares, 2021). Accurate information from trusted sources can 
help dispel myths and ensure that the public understands the benefits 
and limitations of technologies that rely on EMR. Understanding the 
properties and interactions of different types of EMRs is essential for 
assessing their risks and benefits and making informed decisions about 
their use. By improving education and public awareness of the 
electromagnetic spectrum, we can foster a more scientifically literate 
society capable of navigating the challenges and opportunities of a 
technologically advanced world. 

MISCONCEPTIONS IN PHYSICS EDUCATION 

AND THEIR IMPACT ON SCIENTIFIC 

LITERACY 

Misconceptions about EMR are widespread and can significantly 
impede the development of scientific literacy. These misunderstandings 
often originate from inadequate educational curricula, the complex 
nature of the subject, and misinformation spread through media and 
popular culture (Gavrilas et al., 2022a; Kotsis, 2024; Neumann, 2014; 
Rowley & Mazar, 2021). Such misconceptions can lead to confusion and 
reinforce incorrect beliefs, persisting into adulthood and influencing 
public perception of science and technology. Understanding the roots 
of these misconceptions and addressing them effectively within the 
educational system is crucial for fostering a scientifically literate society 
(Bórquez-Sánchez, 2024; Douglas, 2007; Kotsis & Stylos, 2023; 
Mandinach & Schildkamp, 2021; Panagou et al., 2024; Shortland, 1988; 
Tuttle et al., 2023).  

Origins of Misconceptions 

Misconceptions about EMR can arise from several factors, 
including gaps in education, the inherent complexity of the subject, 
misinformation from media sources, and even teachers’ 
misunderstandings. These factors contribute to the persistence and 
proliferation of incorrect beliefs about EMR (Gavrilas et al., 2022a; 
Kotsis, 2023). 
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Inadequate Education 

One of the primary sources of misconceptions about EMR is the 
inadequate coverage of the topic in educational curricula. High school 
physics courses often focus on traditional mechanics and 
thermodynamics, with EMR receiving only cursory treatment (Gavrilas 
& Kotsis, 2023a). This limited exposure leaves students with a 
fragmented understanding of EMR concepts, such as the 
electromagnetic spectrum, the differences between ionizing and non-
ionizing radiation, and the principles governing the interaction of EMR 
with matter. Highlight that many curricula fail to provide a coherent 
framework that connects these concepts, resulting in students who can 
memorize definitions but struggle to apply them in real-world contexts 
(Kotsis, 2024; Plotz, 2017). 

Furthermore, the sporadic treatment of EMR across different grade 
levels can confuse students, who might encounter basic concepts in 
middle school and then not revisit them in detail until much later, if at 
all. This education gap prevents students from building a solid, 
integrated understanding of how EMR works and its various 
applications, from everyday technologies like microwaves and mobile 
phones to more specialized uses such as medical imaging and radiation 
therapy (Buschke, 1961; Formenti et al., 2016; Jauchem, 1995; Wolfe & 
Cognetta, 2016). 

Complexity of the Subject Matter 

The abstract nature of EMR and complex interactions with matter 
present another significant challenge for educators and students alike. 
Concepts such as wave-particle duality (Davydov, 2012; Dimitrova & 
Weis, 2008; Li et al., 2023), energy quantization (Dan & Mahapatra, 
2009; Martino, 2023), and electromagnetic wave propagation (Bochner, 
2021; Ishimaru, 2017; Sasiela, 1994; Shibata et al., 2017) are not only 
difficult to visualize but also require a higher level of abstract thinking. 
Understanding that light can exhibit wave-like and particle-like 
properties depending on context is challenging against everyday 
experiences. Similarly, the concept of energy quantization, where EMR 
is emitted or absorbed in discrete units called photons, can be difficult 
to grasp without a solid mathematical foundation. Without effective 
teaching methods, such as visual aids, simulations, and interactive 
experiments, students are likely to develop misconceptions (Kotsis, 
2023). Addressing these misconceptions requires accurate information 
and pedagogical strategies that make these abstract concepts more 
accessible and relatable to students (Engelmann & Huntoon, 2011; 
Hoffer, 2019; Mandinach & Schildkamp, 2021). 

Media Influence and Misinformation 

Media portrayals of EMR often contribute to public 
misconceptions, sensationalizing its dangers or presenting distorted 
views of scientific facts. Popular culture frequently associates radiation 
with disaster, illness, and death, as seen in movies and TV shows that 
depict nuclear accidents, radiation-induced mutations, or the use of 
EMR as a weapon (Acar-Sesen & Ince, 2010; Gavrilas & Kotsis, 2023a; 
Houston et al., 2018; Morales-López & Tuzón-Marco, 2022; 
Vettenranta, 1996). Such portrayals can profoundly impact public 
perception, reinforcing the idea that all forms of radiation are harmful 
and should be feared. 

Sensationalized news reports can also exacerbate these 
misconceptions. Media coverage emphasizing potential health risks 
associated with mobile phone use or Wi-Fi without providing a 
balanced scientific context can spread public fear. Media 

misrepresenting scientific findings contributes significantly to public 
misconceptions, particularly when complex topics are oversimplified or 
miscommunicated (Acar-Sesen & Ince, 2010; Gavrilas et al., 2022a; 
Houston et al., 2018). This is further complicated by the prevalence of 
misinformation online, where unverified sources and conspiracy 
theories can spread rapidly, reaching audiences that may lack the critical 
thinking skills necessary to assess the validity of the information 
presented (Aïmeur et al., 2023; Beauvais, 2022; Del Vicario et al., 2016; 
Gavrilas & Kotsis, 2024; Joseph et al., 2022; Luo et al., 2021; 
Muhammed & Mathew, 2022; Rodrigues et al., 2024). 

Teachers’ Misconceptions 

Teachers themselves can sometimes be a source of misinformation 
if they hold incorrect beliefs about EMR. Without adequate training 
and resources, educators may struggle to convey accurate information 
and may unintentionally pass on their misconceptions to students 
(Kendeou & Johnson, 2024; Nygren et al., 2022; Siani et al., 2024; 
Zucker et al., 2020). Professional development programs that focus on 
both content knowledge and pedagogical strategies can help educators 
clarify their understanding and equip them to address student 
misconceptions more effectively (Darling-Hammond et al., 2024; 
Gavrilas et al., 2024c; Hyseni Duraku et al., 2022; Pozo-Rico et al., 2020; 
Ventista & Brown, 2023). 

MISCONCEPTIONS ABOUT 

ELECTROMAGNETIC RADIATION 

Misconceptions about EMR are widespread, particularly among 
students and educators. To address this issue, a comprehensive 
literature review was conducted to identify and analyze misconceptions 
related to EMR. A systematic search was performed across multiple 
scientific databases, including Google Scholar, PubMed, ScienceDirect, 
JSTOR, IEEE Xplore, arXiv, SpringerLink, Wiley Online Library, 
Scopus, and ERIC, using the specific keywords “misconceptions” and 
“electromagnetic radiation.” This search aimed to locate peer-reviewed 
articles, conference proceedings, and educational resources that explore 
misunderstandings and incorrect beliefs held by various populations 
regarding EMR and its effects. The search strategy was designed to 
capture literature examining how misconceptions about EMR are 
formed, propagated, and addressed.  

The retrieved articles were evaluated based on their relevance to 
misconceptions about EMR, particularly those related to safety, health 
impacts, and public understanding. The comprehensive search ensured 
a thorough overview of the topic by spanning scientific, technological, 
and educational disciplines. The following sections explore the most 
common misconceptions about EMR, supported by scientific evidence 
from various studies. Table 1 summarizes studies examining 
misconceptions about radiation and their findings. 

Common Misconceptions About Electromagnetic Radiation 

One pervasive misconception is that all forms of radiation are 
inherently harmful and dangerous. Studies such as those by Morales 
López and Tuzón Marco (2022) and Neumann (2014) have found that 
many students and teachers associate radiation solely with danger, 
particularly linking it to nuclear energy and radioactive materials. This 
generalized fear overlooks the benign or beneficial forms of radiation, 
such as visible light and radio waves used in communication.  
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Table 1. Studies examining misconceptions about radiation 
Study Sample and size Misconception about radiation Type of radiation Main findings 

Balta (2018) 106 high school 
physics teachers in 
Turkey 

Blackbody radiation is 
misunderstood as solely absorbing 
or emitting energy and is often 
confused with visible radiation. 

Blackbody 
radiation (thermal 
radiation) 

Teachers displayed incomplete knowledge of blackbody radiation, 
with misconceptions about its definition and behavior. Many 
thought a blackbody only absorbs or emits at certain wavelengths. 
Teaching strategies are needed to address gaps in understanding, 
especially about its relationship to temperature and emission across 
all wavelengths. 

Bezen et al. 
(2021) 

18 pre-service 
physics teachers in 
Turkey 

Blackbody radiation only occurs at 
high temperatures and emits 
visible light. 

Blackbody 
radiation (IR and 
visible) 

Teachers had misconceptions about blackbody radiation, believing it 
occurs only at high temperatures. Knowledge gaps exist in 
understanding thermal radiation. 

Boyes and 
Stanisstreet 
(1994) 

1,365 pupils aged 
11-16 from 42 
groups in 14 
schools 

Radiation comes primarily from 
man-made sources (nuclear 
power), which is confused with 
environmental issues 

Ionizing radiation 
(nuclear, X-rays, 
and gamma rays) 

Students incorrectly associated radiation with nuclear power stations 
and global environmental issues like ozone depletion and global 
warming. They also misunderstood how radiation travels and its 
industrial and medical uses. 

Buschke 
(1961) 

Not explicitly 
stated, multiple 
clinical cases 

Radiation therapy causes 
unavoidable radiation sickness 

X-rays and super 
voltage radiation 

Radiation sickness can be avoided with proper technique. Super 
voltage therapy significantly reduces risks. 

Claassen et al. 
(2017) 

245 participants in 
the Netherlands 

EMF exposure is mainly from 
public sources, like base stations 

RF radiation Providing information about EMF exposure improves 
understanding, but personal exposure from mobile phones is 
underestimated. 

Englander and 
Ghatan (2021) 

Not applicable 
(review article) 

Fluoroscopic-guided interventions 
(during pregnancy lead to 
infertility, miscarriage, or 
childhood cancer 

Ionizing radiation 
(X-rays and 
gamma rays) 

The study debunks myths regarding radiation exposure during 
pregnancy, showing that occupational radiation exposure for 
interventional radiologists is well below harmful levels. With proper 
safety measures, pregnant IRs can safely perform fluoroscopic 
procedures without increasing risks of infertility, miscarriage, or 
childhood cancer. 

Formenti et al. 
(2016) 

Not applicable 
(review) 

Radiation therapy is 
immunosuppressive and always 
harmful 

Ionizing radiation 
(X-rays and 
gamma rays) 

Radiation therapy can have both immunosuppressive and 
immunogenic effects and complement immunotherapy in cancer 
treatment. 

Gabovich and 
Gabovich 
(2007) 

Not applicable 
(theoretical study) 

Photons having zero mass implies 
that electromagnetic radiation has 
no mass 

General EMR 
(light and photons) 

Photons have zero rest mass, but confined electromagnetic radiation 
has non-zero mass. This misconception results from 
misunderstanding relativistic physics. 

Gavrilas and 
Kotsiz (2023a) 

427 pre-service 
teachers in Greece 

Cell phones and Wi-Fi emit 
radioactivity 

RF radiation Most participants incorrectly believed that mobile phones and Wi-Fi 
networks emit radioactivity. 

Gavrilas and 
Kotsis (2023b) 

619 university 
students in Greece 

Mobile phones emit harmful 
radiation that causes immediate 
health problems. 

RF radiation The study found that 87.6% of students reported at least one 
symptom after excessive phone use, such as headaches or pressure in 
the head. The perception that mobile phone use directly causes these 
symptoms is widespread, but no conclusive evidence connects these 
symptoms to radiation exposure. 

Gavrilas et al. 
(2022a) 

619 university 
students in Greece 

Mobile phones and Wi-Fi 
networks emit harmful 
radioactivity 

RF radiation 74.2% of students believed cell phones emit radioactivity, and only 
32% correctly understood that Wi-Fi networks do not emit 
radioactivity. Students had misconceptions about the health risks of 
non-ionizing radiation from common devices. 

Geisler et al. 
(2021) 

Not applicable 
(review article) 

Regular sunscreens protect against 
visible light 

Visible light (400-
700 nm) 

Traditional sunscreens only protect against UV radiation. Visible 
light requires tinted sunscreens with iron oxides. 

Gordon (1994) Not applicable 
(review article) 

Non-ionizing radiation, such as 
from power lines, is harmless 

ELF and RF 
radiation 

Growing concerns about the harmful effects of low-frequency non-
ionizing radiation (from power lines and appliances) were explored, 
although the risks are still debated. 

Goula et al. 
(2021) 

132 health 
professionals 

Radiation safety measures are 
adequately understood 

Ionizing radiation 
(X-rays and 
gamma rays) 

Many health professionals had poor knowledge of radiation 
protection measures, leading to improper practices in medical 
settings. 

Guerra-Reyes 
et al. (2024) 

A systematic 
review of multiple 
studies on high 
school students 

Misunderstanding of radiation and 
light, particularly radioactivity 

Radiation and light Traditional didactic models can lead to misconceptions among high 
school students, including the belief that all radiation is harmful. To 
reduce these errors, physics education needs inquiry-based methods. 

Han and 
Gogotsi (2023) 

Not applicable 
(review of MXenes 
studies) 

EMI shielding effectiveness is due 
to the absorption 

Microwaves and 
radio waves 

Many materials reflect rather than absorb EM waves. MXenes are 
promising for shielding via absorption. 
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Table 1. (continued) 
Study Sample and size Misconception about radiation Type of radiation Main findings 

Hull and Hopf 
(2020) 

55 junior high 
school students in 
Vienna 

Half-life applies to individual 
atoms; misunderstanding of 
radioactive decay. 

Ionizing radiation 
(radioactivity) 

Students thought individual atoms decayed gradually over time, 
rather than understanding half-life as a statistical property of many 
atoms. 

Jarrett and 
Takacs (2020) 

229 secondary 
students in the UK 

Students overestimate the 
contribution of UV radiation to 
climate change 

UV and IR 
radiation 

Students overestimated the proportion of UV radiation in solar 
energy and misunderstood energy exchanges related to climate 
change. 

Jauchem 
(1991) 

Not applicable 
(review) 

Microwaves, power lines, and 
video terminals cause cancer 

RF and ELF Misleading scientific reports contribute to the belief that non-
ionizing radiation (e.g., microwaves) poses significant health risks. 

Kjelsberg 
(2024) 

177 physics 
students and 869 
non-physics 
students 

Physics students are more skeptical 
about conspiracy theories and 
supernatural beliefs than other 
students 

General 
(electromagnetic 
knowledge used as 
a basis for 
skepticism) 

Physics students show lower belief in conspiracy theories and 
supernatural phenomena than non-physics students. These students 
display stronger scientific skepticism, especially in distinguishing real 
conspiracies from unfounded ones, suggesting a preselection of 
students drawn to skepticism rather than the influence of their 
education. 

Kontomaris et 
al. (2020) 

Not applicable 
(theoretical study) 

Non-ionizing radiation, such as 
from mobile phones, is as 
dangerous as ionizing radiation. 

Non-ionizing 
(microwaves and 
RF) 

Students often confuse non-ionizing with ionizing radiation. The 
study provides teaching methods to clarify the difference between the 
two types. 

Kotsis (2024) Not applicable 
(review and 
curriculum 
recommendations) 

Students struggle with 
differentiating EMR types and 
interactions 

General EMR Teaching EMR interactions is essential to improve scientific literacy, 
using real-world applications to boost understanding. 

Libarkin et al. 
(2011) 

283 US students 
(grades 6-12), 33 
teachers, 8 
scientists 

UV and IR are visible forms of 
light 

UV and IR 
radiation 

Many students thought UV and IR were part of the visible light 
spectrum. Misunderstanding was common among older students and 
some teachers. 

Lin (2014) 104 undergraduate 
students (52 
science, 52 non-
science) 

Science news reports are complete 
and scientifically rigorous 

General 
electromagnetic 
radiation (as 
covered in various 
science news) 

Science majors demonstrated better critical thinking and use of 
evidence when critiquing science news reports compared to non-
science majors. Non-science students were likelier to accept claims in 
news reports without questioning the evidence, reflecting a limited 
understanding of scientific arguments. 

Lips et al. 
(2021) 

Not applicable 
(review) 

Low-dose radiation always poses 
significant health risks 

Ionizing radiation The paper challenges the exaggerated public perception of low-dose 
radiation risks, advocating for evidence-based communication on 
minimal risks. 

Millar (1994) 144 UK secondary 
school students 

Radiation and radioactive materials 
are often confused as the same 

Ionizing radiation 
(radioactivity) 

Many students believed that objects exposed to radiation could later 
emit radiation themselves, showing confusion between irradiation 
and contamination. 

Millar and Gill 
(1996) 

144 UK secondary 
school students 
(ages 15-16) 

Confusion between irradiation and 
contamination; misunderstanding 
of radiation spreading 

Ionizing radiation Many students struggled to distinguish between irradiation and 
contamination, with over 36% providing responses using non-
scientific ideas. They also thought radiation effects “spread” similarly 
to contamination and held misconceptions about radiation 
absorption and re-emission. 

Mishchenko et 
al. (2011) 

Not applicable 
(theoretical 
review) 

Electromagnetic scattering is a 
simple process 

Light (visible and 
UV) 

Electromagnetic scattering is complex, requiring Maxwell equations 
for accurate predictions. 

Morales López 
and Tuzón 
Marco (2022) 

191 secondary 
students, 29 pre-
service teachers 

Radioactivity is harmful in all 
forms, and always dangerous 

Ionizing radiation Students and teachers associated radioactivity with danger, showing 
confusion about contamination and differences between ionizing and 
non-ionizing radiation. 

Neumann 
(2014) 

Not applicable 
(educational study) 

Radiation is artificial, invisible, and 
always harmful 

General 
electromagnetic 
radiation 

Many students believe that radiation is man-made, invisible, and 
always dangerous. Therefore, education on natural sources is needed. 

Neumann and 
Hopf (2012) 

50 Austrian 9th 
grade students 

Radiation is primarily associated 
with nuclear energy and is always 
harmful. 

Ionizing and non-
ionizing radiation 

Most students associated “radiation” with nuclear power and dangers 
like cancer. Few understood the broader concept of radiation, 
including non-ionizing types like visible light and IR. Many had 
emotional and negative responses to the term “radiation.” 

Plotz (2017) Literature review 
of multiple studies 
on students (age 
10-16) 

Radiation is only harmful and 
comes from dangerous sources like 
nuclear power 

General 
electromagnetic 
radiation, 
including UV, IR, 
and X-rays 

Students confused contamination with irradiation and believed all 
radiation is harmful and did not differentiate between ionizing and 
non-ionizing radiation. They also did not recognize visible light as 
radiation. Suggestions were made to address these misconceptions 
through better educational strategies. 

 



 Gavrilas & Kotsis / Eurasian Journal of Science and Environmental Education, 4(2), 19-38 25 

Millar (1994) reported that secondary school students in the UK 
often confuse radiation with radioactivity, believing that any object 
exposed to radiation becomes radioactive and thus dangerous. 

 Another widespread misunderstanding pertains to the differences 
between ionizing and non-ionizing radiation. Ionizing radiation, like 
X-rays and gamma rays, has enough energy to remove tightly bound 

electrons from atoms, potentially causing cellular damage. Non-
ionizing radiation, such as microwaves and radio waves, lacks this 
energy and is generally considered safe at typical exposure levels. 
Gavrilas et al. (2022a) showed that a significant number of university 
students in Greece incorrectly thought that cell phones and Wi-Fi 
networks emit harmful radioactivity. 

Table 1. (continued) 
Study Sample and size Misconception about radiation Type of radiation Main findings 

Plotz and 
Fitzgerald 
(2021) 

141 students 
(grades 9-11) 

Radiation is harmful and 
misunderstood 

Ionizing radiation Using superheroes as teaching aids improved students’ understanding 
of radiation types, but some misconceptions about safety persisted. 

Plotz and 
Hollenthoner 
(2019) 

459 students (ages 
9-12) from 7 
schools in Austria 

Radiation is primarily linked to 
nuclear accidents like Fukushima 

General radiation 
(radioactivity and 
visible light) 

Children’s drawings showed radiation was still linked to 
radioactivity, but there was a significant increase in depictions of cell 
phones and computer monitors. There was no primary connection to 
Fukushima, suggesting changing associations over time. 

Prather (2005) 180 non-science 
major physics 
students 

Irradiation and contamination are 
confused; radiation makes objects 
radioactive 

Ionizing radiation Many students were unable to differentiate between irradiation and 
contamination, often believing radiation made objects radioactive. 

Qing (2011) Not applicable 
(commentary) 

Misunderstanding of differential 
evolution’s application to 
electromagnetics 

General 
electromagnetic 
problems 

Misconceptions about the application of differential evolution in 
solving electromagnetic problems were clarified. 

Shaaban and 
Shaikh (2018) 

506 adolescents 
and young adults 
in Saudi Arabia 

Mobile base stations and 
microwaves emit ionizing 
radiation 

RF and 
microwaves 

Most participants believed mobile base stations emit ionizing 
radiation, highlighting poor EMR knowledge. 

Siersma et al. 
(2021) 

12 pre-university 
Dutch students and 
6 teachers 

Medical imaging techniques, such 
as ultrasounds, emit harmful 
radiation 

X-rays and 
ultrasound (non-
ionizing) radiation 

Students believed all medical imaging techniques used harmful 
radiation, misunderstanding the difference between ionizing and 
non-ionizing radiation. 

Suzuki (2012) Not applicable 
(observational 
commentary) 

Confusion between radiation and 
radioactivity 

Radiation in 
general 

The public was confused about radiation and radioactivity, especially 
following the Fukushima disaster. Media exacerbated these 
misunderstandings. 

Taylor et al. 
(2022) 

Not applicable 
(review article) 

UV radiation is the only concern 
for sun protection in skin of color 

Visible light and 
UV light 

Visible light and UV light contribute to skin color photodamaging, 
including conditions like hyperpigmentation and melasma. Broad-
spectrum sunscreens often do not protect against visible light, 
requiring tinted sunscreens with iron oxides. 

Ürek (2021) 138 pre-service 
teachers in Turkey 
(science, 
classroom, and 
English language 
teaching) 

Misunderstanding of 
electromagnetic radiation from X-
rays and cell phones as universally 
dangerous 

Ionizing (X-rays) 
and non-ionizing 
RF radiation 

Many participants misunderstood the risks of electromagnetic 
radiation, confusing different types of EMR (e.g., X-rays, ultrasound, 
and bluetooth). Awareness levels varied significantly by educational 
background. 

Welbourne et 
al. (2016) 

Not applicable 
(technical 
clarification) 

Passive infrared (PIR) camera traps 
only detect heat-in-motion or 
animals warmer than the ambient 
environment. 

IR radiation PIR sensors detect changes in IR radiation, not just heat-in-motion. 
They can trigger with animals that are cooler than the background. 
Misleading descriptions of PIR function have led to 
misinterpretations of wildlife data. 

Wilson (2019) Not applicable 
(review and 
commentary) 

The public believes that all 
radiation, regardless of type or 
dose, is harmful. 

Ionizing radiation 
(X-rays and 
gamma rays) 

Public misconceptions about radiation, driven by media and pop 
culture, lead to overly conservative policies that are not based on 
current scientific evidence. 

Wojcik et al. 
(2019) 

High school 
students in Sweden 

Low-dose ionizing radiation is 
always harmful 

Ionizing radiation 
(X-rays and 
gamma rays) 

Students misunderstood low-dose radiation risks. Socio-scientific 
education is necessary for informed decision-making. 

Wong et al. 
(2023) 

267 students (95 
secondary schools, 
172 junior colleges) 

Radiation is only emitted by living 
things; mobile phones cause cancer 

Ionizing and non-
ionizing radiation 
(mobile phones 
and microwaves) 

Students believed regular mobile phone use causes cancer and 
confused natural vs. man-made radiation, viewing the latter as more 
dangerous. 

Wood and 
Roy (2017) 

Not applicable 
(review and policy 
recommendations) 

Non-ionizing radiation is as 
harmful as ionizing radiation 

RF, ELF, and UV 
radiation 

The study clarifies that non-ionizing radiation poses minimal risks 
compared to ionizing radiation, with UV radiation being an 
exception requiring protection. 

Zloklikovits 
and Hopf 
(2021) 

6 middle school 
students in Vienna 

Electromagnetic radiation is 
tangible and always produces heat 

General 
electromagnetic 
radiation (IR, 
visible light, and 
radio waves) 

Students misunderstood the behavior of electromagnetic radiation, 
believing it is always tangible or produces heat. 
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Misunderstandings about blackbody radiation are also prevalent, 
even among educators. Blackbody radiation refers to the EMR emitted 
by a body in thermal equilibrium. Some educators believe it only occurs 
at high temperatures or emits only visible light, neglecting its broader 
spectrum. Balta (2018) and Bezen et al. (2021) reported that physics 
teachers and pre-service teachers in Turkey had incomplete knowledge 
of blackbody radiation, misunderstanding its definition and believing it 
emits solely at certain wavelengths or temperatures. 

Confusion between irradiation and contamination is another 
common issue. Many individuals mistake irradiation (exposure to 
radiation) for contamination (having radioactive material on or inside 
the body). This leads to the false belief that irradiated objects become 
radioactive themselves. Prather (2005) observed that undergraduate 
physics students struggled to differentiate between the two concepts, 
often believing that exposure to radiation makes objects inherently 
radioactive. Millar and Gill (1996) found that over 36% of secondary 
students provided non-scientific explanations, thinking radiation 
effects spread like contamination. 

There is also a prevalent belief that exposure to non-ionizing 
radiation from devices like mobile phones and Wi-Fi networks leads to 
immediate health issues such as headaches or cancer. Gavrilas and 
Kotsis (2023b) discovered that 87.6% of university students reported 
symptoms like headaches after excessive phone use, attributing these 
symptoms directly to radiation exposure without conclusive scientific 
evidence. 

Some believe radiation is primarily a man-made phenomenon and 
is always invisible, ignoring natural sources and visible forms of EMR. 
Neumann and Hopf (2012) noted that Austrian secondary students 
associated radiation with nuclear power and dangers like cancer, with 
few understanding that radiation also includes natural and visible forms 
like sunlight. This limited perception can hinder a comprehensive 
understanding of the electromagnetic spectrum, and the various types 
of radiation encountered in everyday life. 

Another misconception is that all medical imaging techniques 
involve harmful radiation, leading to undue fear of medical procedures. 
Siersma et al. (2021) found that students believed techniques like 
ultrasounds emit harmful radiation, not realizing that ultrasounds use 
sound waves, which are non-ionizing and generally safe. This 
misunderstanding can affect patients’ willingness to undergo necessary 
medical imaging procedures and highlights the need for better public 
education. 

People often think regular sunscreens, including visible light, 
protect against harmful solar radiation. Geisler et al. (2021) and Taylor 
et al. (2022) highlighted that traditional sunscreens protect against UV 
radiation but not visible light, which can also contribute to skin damage. 
This misconception can lead to inadequate protection against the full 
spectrum of harmful solar radiation. 

There is a belief that electromagnetic field (EMF) exposure 
primarily comes from public sources like base stations rather than 
personal devices. Claassen et al. (2017) showed that people often 
underestimate their exposure from mobile phones and overestimate 
exposure from sources like base stations, leading to skewed perceptions 
of risk. This misunderstanding can influence public opinion and policy 
regarding EMF exposure and safety regulations. 

Some think radiation can spread like a contaminant through objects 
and environments, leading to exaggerated fears of exposure. Plotz 

(2017) noted that students believed radiation behaves like a substance 
that can be passed on, not understanding that radiation is energy that 
does not make objects radioactive. This confusion between radiation 
and radioactive contamination can cause unnecessary alarm and 
stigmatization of individuals or objects associated with radiation. 

There is a tendency to overestimate the dangers of low-dose 
ionizing radiation, leading to unnecessary fear and avoidance of 
beneficial medical procedures. Lips et al. (2021) argued that public 
perception often exaggerates the risks associated with low-dose 
radiation, calling for evidence-based communication to correct this 
misunderstanding. Misconceptions about the risks of low-dose 
radiation can negatively impact healthcare decisions and policies. 

Misconceptions also arise due to the misinterpretation of scientific 
information in media reports. Students often accept scientific claims in 
media without critical evaluation, leading to the spread of 
misconceptions. Lin (2014) found that non-science majors were more 
likely to accept claims in science news reports without questioning the 
evidence, indicating a need for improved scientific literacy education. 
This lack of critical thinking skills can perpetuate misunderstandings 
and hinder informed decision-making. 

Addressing these misconceptions requires targeted educational 
efforts and clear communication. Educational strategies should 
incorporate inquiry-based learning and real-world applications to help 
students understand EMR concepts more deeply (Kotsis, 2024). 
Improving educators’ understanding of EMR is crucial to conveying 
accurate information (Balta, 2018; Bezen et al., 2021). Public 
communication should use evidence-based approaches to inform the 
public about EMR, addressing fears without causing undue alarm (Lips 
et al., 2021). Encouraging critical thinking when interpreting scientific 
information from media sources can also help combat misconceptions 
(Lin, 2014). Misconceptions about EMR are widespread and can 
significantly affect public health, education, and technology adoption. 
By identifying and addressing these misunderstandings through 
targeted educational efforts and clear communication, we can foster a 
more informed public capable of making better decisions related to 
EMR. 

IMPACT ON SCIENTIFIC LITERACY 

Misconceptions about EMR profoundly impact students’ scientific 
literacy, influencing their ability to understand and apply scientific 
principles effectively. These misunderstandings can deter students from 
pursuing careers in STEM and contribute to a broader societal issue of 
scientific illiteracy. When students hold incorrect beliefs about 
fundamental concepts like EMR, they are less likely to engage 
meaningfully with science and technology, which can limit their 
participation in informed decision-making about scientific and 
technological issues (An & Thomas, 2021; Billingsley & Heyes, 2023; Lei 
et al., 2019; Phil Canlas, 2024; Sheldrake et al., 2017; Soltani & 
Askarizadeh, 2021). 

Addressing these misconceptions is essential for fostering a 
scientifically literate population capable of critically evaluating 
information and making informed choices (Cavagnetto, 2010; Jin et al., 
2023; Vieira & Tenreiro-Vieira, 2016). This requires a concerted effort 
to improve science education by developing comprehensive curricula, 
employing effective teaching strategies, and providing robust teacher 
training (Dias Da Silva & Heaton, 2017; Kelp et al., 2023; Turiman et 
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al., 2012). By building a solid foundation of knowledge and critical 
thinking skills, educators can help students navigate the complex 
landscape of scientific information and reduce the impact of 
misinformation on public understanding (Altun & Yildirim, 2023; 
Gavrilas et al., 2024a; Shamboul, 2022). In conclusion, misconceptions 
about EMR are pervasive and can significantly hinder scientific literacy. 
Addressing these issues through improved curricula, innovative 
teaching methods, and comprehensive teacher training is crucial for 
fostering a more scientifically literate society.  

HEALTH CONCERNS RELATED TO 

ELECTROMAGNETIC RADIATION EXPOSURE 

Public concern about the health effects of EMR has grown 
considerably in recent years, driven by the widespread use of mobile 
phones, wireless networks, and other EMR-emitting devices (Jagetia, 
2022; Jayaraju et al., 2023; Thill et al., 2023; ZafarAhmed & 
ZafarAhmed, 2014). Media coverage and online discussions often 
highlight potential health risks, leading to anxiety and confusion among 
the general public. While scientific evidence on the health risks of EMR 
remains inconclusive, the perception of danger persists, influencing 
public behavior and attitudes (Institute of Electrical and Electronics 
Engineers [IEEE], 2005; International Commission on Non-Ionizing 
Radiation Protection [ICNIRP], 2009).  

The Role of Misconceptions 

Misconceptions about EMR play a significant role in shaping public 
perception and health anxieties. Many people believe that EMR from 
devices like mobile phones and Wi-Fi routers poses significant health 
risks, including cancer and neurological disorders (Gavrilas et al., 
2022b). These beliefs can exacerbate health anxieties and contribute to 
what is known as the nocebo effect (Amanzio et al., 2016; Grosso et al., 
2024). The nocebo effect occurs when negative expectations about a 
harmless substance or phenomenon cause an individual to experience 
real symptoms (Colloca, 2024; Faasse, 2019; Saunders et al., 2024). In 
the context of EMR, people who believe that they are being harmed by 
EMR may experience symptoms such as headaches and dizziness, even 
when their actual exposure is within safe limits or nonexistent (Aringer 
et al., 1997; Gavrilas & Kotsis, 2023b; Rubin et al., 2005; Seitz et al., 
2005). 

Addressing these misconceptions is crucial for reducing 
unnecessary health fears (Stevens et al., 2023; Williams, 1988). Public 
education campaigns that provide clear and accurate information about 
EMR and its effects can help dispel myths and alleviate anxiety. 
Explaining the difference between ionizing and non-ionizing radiation 
and their respective health impacts can clarify why typical EMR 
exposure from mobile phones and Wi-Fi is not harmful (Prlić et al., 
2022; Rabiei et al., 2023). Additionally, promoting media literacy and 
critical thinking skills can empower individuals to assess the credibility 
of the information they encounter regarding EMR and health. 

Scientific Evidence on Health Risks 

The scientific community has extensively studied the potential 
health risks associated with EMR exposure, particularly in relation to 
mobile phones. IARC (2011) classified radiofrequency (RF) EMFs as 
“possibly carcinogenic to humans” (group 2B). This classification 
indicates that there is some evidence suggesting a potential link 
between EMR and cancer, but it is not conclusive. It is important to 

note that the IARC classification is based on limited evidence and does 
not imply that EMR exposure is definitively harmful. Further reviews 
by organizations such as the ICNIRP (2009) and WHO (2023) have 
found no conclusive evidence linking typical EMR exposure from 
mobile phones to adverse health effects. WHO (2014) concluded that 
there is no established risk of cancer from mobile phone use, while the 
ICNIRP (2009) reported that exposure to RF fields from mobile phones 
and wireless networks is within safe limits according to current 
guidelines. 

THE IMPORTANCE OF TEACHING 

ELECTROMAGNETIC RADIATION 

Educating students about EMR is crucial for correcting widespread 
misconceptions and fostering scientific literacy. A well-rounded 
understanding of EMR not only prepares students for advanced studies 
in science but also equips them to make informed decisions in a 
technology-driven society where EMR plays a significant role 
(Ambarwati & Suyatna, 2018; Kotsis, 2024).  

Curriculum Integration 

Incorporating EMR concepts into school curricula is essential for 
providing students with a coherent and comprehensive understanding 
of both the physical principles and societal implications of EMR. Kotsis 
(2024) emphasizes the need for a curriculum that covers the 
fundamental concepts of EMR, such as the nature of electromagnetic 
waves, the electromagnetic spectrum, and the distinction between 
ionizing and non-ionizing radiation. This foundational knowledge is 
critical not only for grasping the scientific principles but also for 
understanding the implications of EMR in everyday life, including its 
applications in communication technologies, medical imaging, and 
even its role in debates about health and safety (Ambarwati & Suyatna, 
2018; Amineh, 2020; Jin, 2023). Despite EMR’s critical role in modern 
science, many high school curricula still lack comprehensive coverage 
of its concepts. Educators have proposed an integrated curriculum that 
connects EMR concepts across various physics topics such as optics, 
atomic structure, and nuclear physics to address this issue (Kotsis, 
2024). This approach fosters a deeper understanding of EMR and 
highlights its relevance across multiple scientific domains. 

Innovative Teaching Methods 

Innovative pedagogical approaches are necessary to effectively 
teach EMR and address common misconceptions. Traditional lecture-
based methods may not be sufficient to overcome deeply ingrained 
misunderstandings (Klein et al., 2023; Opdecam & Everaert, 2019; 
Saville et al., 2006), as students often hold preconceived notions about 
EMR that can be resistant to change (Gavrilas & Kotsis, 2023a). 
Innovative teaching methods such as conceptual change texts, case-
based instruction, and interactive activities have proven effective in 
enhancing student comprehension and correcting misconceptions 
(Alparslan et al., 2003; Gavrilas et al., 2024b; Özmen et al., 2009; Pacaci 
et al., 2024; Raza et al., 2019; Taşlidere, 2021; Zafar et al., 2022). 

Teacher Training 

Teachers are instrumental in shaping students’ understanding of 
EMR, and their own knowledge and attitudes toward the subject 
significantly impact their teaching effectiveness (Granziera et al., 2022; 
OECD, 2013). Unfortunately, research has shown that many teachers 
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themselves hold misconceptions about EMR, particularly regarding its 
health effects and safety (Gavrilas et al., 2022a). These 
misunderstandings can lead to the transmission of incorrect 
information to students, perpetuating myths and misunderstandings 
(McAfee & Hoffman, 2021; Paull et al., 2022). 

To address this issue, targeted teacher training and development 
are crucial for enhancing educational quality and student outcomes 
(Dange & Siddaraju 2020; Gavrilas et al., 2024a; Ventista & Brown, 
2023) in the context of EMR education. Effective training programs 
equip teachers with knowledge, modern pedagogical skills, and effective 
classroom management techniques (Ahmed et al., 2021; Ciraso, 2012; 
Hyseni Duraku et al., 2022). Ongoing professional development helps 
educators stay updated on new teaching strategies, technological 
advancements, and curriculum changes, promoting innovation in the 
classroom (Germuth, 2018; Hennessy et al., 2022; Lindberg & Olofsson, 
2010; Montero-Mesa et al., 2023; Uzorka et al., 2023). Such training can 
include specialized workshops, seminars, peer collaboration, and 
mentoring programs focused on EMR education, fostering a growth 
mindset and reflective practice. Continuous development enables 
teachers to address diverse learning needs and correct misconceptions, 
fostering inclusivity and scientific literacy (Darling-Hammond et al., 
2020; Ozel et al., 2018). Investing in teacher training and development 
strengthens the education system by empowering teachers to create 
dynamic, engaging, and informative learning environments that 
accurately convey the complexities of EMR. 

CONCLUSIONS 

EMR is fundamental to both the natural world and technological 
innovation, yet widespread misconceptions about its nature and effects 
persist. These misunderstandings–stemming from inadequate 
education, the complexity of EMR concepts, media misrepresentation, 
and educators’ own misconceptions–have significant implications for 
public health, science education, technology adoption, and policy-
making. They lead to unwarranted health anxieties, resistance to 
beneficial technologies, and challenges in effectively teaching science. 

This comprehensive review highlights the critical need to address 
these misconceptions through strategic educational reforms. 
Integrating thorough EMR education into school curricula, employing 
innovative teaching methods that promote conceptual understanding, 
and enhancing teacher training programs are essential steps. By 
equipping students with accurate knowledge and critical thinking skills, 
we can foster scientific literacy that enables individuals to make 
informed decisions and engage thoughtfully with technological 
advancements. 

Effective communication among scientists, educators, 
policymakers, and the public is also paramount. Evidence-based 
dialogues can bridge the gap between scientific evidence and public 
perception, dispel unfounded fears, and support informed policy 
decisions. By promoting a discourse grounded in scientific 
understanding, we can facilitate the responsible advancement of EMR 
technologies. 
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