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Abstract: Electromagnetic radiation is a fundamental scientific concept encountered daily
through mobile phones, wireless networks, and other technologies. However, it is often
mistakenly associated with radioactivity and health risks, leading to widespread
misconceptions. This study investigated Greek teachers’ conceptions of electromagnetic
radiation in mobile and wireless technologies, examining differences by teaching
specialization and gender. A quantitative survey of 455 teachers from four specialization
groups used ten dichotomously scored items to assess understanding of electromagnetic
radiation, radioactivity, emissions from everyday technologies, and the specific absorption
rate (SAR). The total score showed acceptable internal consistency for exploratory use
(Cronbach’s a = .713). The mean correctness score was 40.99% (SD = 24.24), indicating
substantial variability across items. In the bivariate analysis, men scored higher than
women, t(453) =5.72, p < .001. However, in the unbalanced two-way ANOVA model, the
gender effect was not statistically detectable when teaching specialization and the gender-
by-specialization structure of the sample were included, F(1, 447) = 0.14, p = .708,
whereas specialization remained significant, F(3, 447) = 18.57, p < .001. Computer
Science and Physics teachers outperformed those in Primary and Preschool Education. The
findings underscore the need for teacher education to strengthen understanding of the
distinctions between electromagnetic radiation and radioactivity, emissions from mobile
and wireless technologies, and the specific absorption rate (SAR).
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INTRODUCTION

Electromagnetic radiation (EMR) is a foundational concept in physics and a
recurring feature of contemporary life. Learners encounter EMR not only in school science
but also through everyday technologies such as mobile phones, wireless networks,
broadcast antennas, base stations, smart meters, and medical devices (Alhassan et al., 2025;
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Quarshie et al., 2026). Although visible light is one part of the electromagnetic spectrum,
many technologically relevant forms of EMR, including radio waves and microwaves, are
not directly visible. This makes EMR educationally important but also conceptually
demanding, because the term radiation is often used in public discourse without
distinguishing between electromagnetic radiation, ionizing radiation, and radioactivity. As
a result, EMR becomes both a scientific concept and a topic through which learners
interpret technology, health, and risk (Henriksen & Jorde, 2001; Plotz, 2017).

Research in science education has consistently shown that radiation-related ideas are
vulnerable to misconception, a pattern also linked to how these concepts are represented
in instructional materials such as textbooks (Boyes & Stanisstreet, 1994; Economides et
al., 2021; Millar, 1994; Neumann, 2014; Neumann & Hopf, 2012). From a science-
education perspective, such misconceptions are not simply isolated factual errors. They
may function as alternative conceptions that help learners interpret new information but
can also obstruct the development of scientifically valid understanding (Gilbert & Watts,
1983). In the specific case of EMR, important conceptual obstacles include distinguishing
electromagnetic radiation from radioactivity, recognizing the difference between ionizing
and non-ionizing radiation, and understanding that technological emissions such as Wi-Fi
or mobile-phone signals do not automatically imply radioactive contamination or nuclear
risk. These obstacles may be reinforced by everyday language, media narratives, and
fragmented online information, where terms such as “radiation,” “signal,” “exposure,” and
“danger” are often used imprecisely (Osborne & Pimentel, 2023).

The issue becomes especially relevant when EMR is considered in relation to
everyday technologies (Hanum, 2026; Hartati, 2026; Mustafidah, 2026). Smartphones,
Wi-Fi routers, and other communication systems are embedded in daily life, yet they are
often discussed through vague or scientifically inaccurate language, for example when
radiation is treated as synonymous with radioactivity or when signal exposure is
interpreted as contamination. Such framings may encourage learners to connect
electromagnetic radiation with health threat without clearly considering frequency, energy,
ionization, or regulatory limits. This is a matter of scientific literacy as well as conceptual
knowledge, since learners must be able not only to recall scientific ideas but also to
interpret and evaluate scientific information in everyday contexts (Tsoumanis et al., 2024).
Recent discussions of scientific literacy emphasize the evaluation of claims, evidence, and
source credibility in public contexts, including among pre-service teachers (Chinn et al.,
2023; Osborne & Allchin, 2024; Stylos et al., 2023). In this respect, EMR is not only a
physics topic but also a context in which scientific concepts interact with public concern,
technological familiarity, and risk interpretation (Firmansyah & Sukma, 2025; Nuha &
Rahman, 2025; Saputra et al., 2025). Related work with university students has also shown
that knowledge about radiation-emitting technologies may coexist with negative attitudes
and protective behaviors that are not always scientifically well grounded, suggesting that
EMR-related understanding remains educationally challenging beyond school settings
(Gavrilas et al., 2022; Gavrilas & Kotsis, 2024).

Teachers form a particularly important group in this context. Their conceptual
understanding matters for their own scientific literacy and may influence how EMR-related
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ideas are selected, explained, and connected to everyday examples in classroom settings.
Teachers’ beliefs and subject-matter understanding shape how science is framed and
communicated in school practice (Pajares, 1992). However, the present study does not
assume a direct causal link between teachers’ responses and classroom instruction. Rather,
it starts from the premise that teachers’ conceptions are educationally important because
they form part of the knowledge base through which scientific topics are interpreted for
learners (Basham & Editor, 2010; Clough & Bagley, 2012; Wan et al., 2020). Existing
research suggests that teachers and pre-service teachers often experience difficulties with
radiation-related concepts, particularly when these concepts require distinctions between
electromagnetic radiation, radioactivity, ionizing and non-ionizing radiation, and
technological exposure. Such difficulties have been reported in studies focusing on
teachers’ or pre-service teachers’ interpretations of radiation and related scientific concepts
(Gavrilas & Kaotsis, 2023a; Kotsis & Gavrilas, 2025; Pahrudin et al., 2019; Ramaligela,
2021; Bezen et al., 2021).

Despite this body of work, further investigation is needed into how teachers respond
to EMR-related items situated in familiar technological contexts and how these responses
vary across teacher backgrounds. In particular, teaching specialization may be relevant
because teachers in Physics, Computer Science, Primary Education, and Preschool
Education are likely to differ in their formal exposure to scientific and technological
content (Deerinck, 2011; Kuzmickaja et al., 2015; Weinberg & Sample McMeeking,
2017). Gender has also been examined in science and technology education, but in teacher
samples it may be strongly entangled with specialization because men and women are often
unevenly distributed across subject areas. For this reason, gender-related patterns should
not be interpreted independently of teaching specialization. The present study therefore
examines teachers’ responses to items targeting selected EMR concepts and incorrect
responses consistent with common misconceptions in everyday technological contexts.
More specifically, it addresses three research questions: (a) What level of understanding
do teachers demonstrate on selected EMR concepts related to everyday technologies? (b)
How does performance differ across teaching specialization groups? and (c) how are
gender-related differences in performance affected when teaching specialization and the
gender-by-specialization structure of the sample are taken into account?

METHOD

This study employed a quantitative survey design to examine teachers’ responses
concerning electromagnetic radiation and everyday technologies, with attention to patterns
associated with gender and teaching specialization. The analysis was based on 455
teachers, including 159 men (34.9%) and 296 women (65.1%). Participants came from
four teaching specialization groups: Primary Education (n = 117, 25.7%), Preschool
Education (n = 106, 23.3%), Computer Science (n = 115, 25.3%), and Physics (n = 117,
25.7%). Teaching specialization was operationalized according to participants’ reported
professional specialization group and was therefore treated as an indicator of teaching
background rather than as a direct measure of the amount, quality, or recency of prior
physics coursework.
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Data were collected through a closed-ended questionnaire. For the purposes of the
present study, 10 dichotomously scored items were selected from a broader questionnaire
on electromagnetic radiation and related issues. The items were retained because they
represented conceptual areas central to the research questions and preserved coverage of
three related domains: distinctions between ionizing and non-ionizing radiation and
radioactivity; understanding of specific absorption rate; and recognition of electromagnetic
radiation in everyday technological sources such as mobile phones and wireless networks.
Their selection was theory-driven and based on recurring areas of misunderstanding
identified in prior literature (Boyes & Stanisstreet, 1994; Gavrilas & Kotsis, 2024; Millar,
1994; Neumann & Hopf, 2012; Plotz, 2017).

The scientific rationale for the scoring key followed established distinctions in
physics and radiation science, particularly the difference between ionizing and non-
ionizing radiation, the non-radioactive nature of mobile phones and wireless networks, and
the technical meaning of specific absorption rate. Because the instrument did not include
interviews or open-ended explanations, incorrect responses are interpreted as responses
consistent with common misconceptions or limited factual understanding, not as direct
evidence of stable or fully articulated alternative conceptions.

The questionnaire was pilot tested before the main data collection phase, and three
experts reviewed the instrument to support face and content validity. The expert panel
included specialists in physics education, science education, and radiation-related physics
content. The review focused on scientific accuracy, relevance to EMR-related
misconceptions, clarity of item wording, and alignment with the conceptual distinctions
assessed in the study. The response options were balanced across items, and no “don’t
know” option was included. At the level of construct representation, validity in the present
study rests primarily on content-based evidence rather than on factor-analytic or item-
response modelling. Accordingly, the total score is used as an exploratory summary index
of performance across selected EMR-related items, not as evidence of a single latent
construct. Administration took place in paper-and-pencil format. Participants were
informed about the purpose of the study, assured that participation was anonymous, and
given approximately 15 minutes to complete the questionnaire.

Each item was coded dichotomously (0 = incorrect response, 1 = correct response).
An overall correctness score was calculated in percentage form (0-100). Internal
consistency of the 10-item score was assessed with Cronbach’s alpha, which is equivalent
to KR-20 for dichotomously scored items, and was interpreted cautiously given the small
number of items and their coverage of related but not identical conceptual domains (o =
.713). Descriptive statistics were used to summarize sample characteristics and response
distributions. The overall score was treated as the primary outcome, while item-level
analyses were exploratory. Independent-samples t tests examined bivariate gender-related
differences in the overall score. Differences across teaching specialization groups were
examined with one-way analysis of variance followed by Tukey and Games-Howell post
hoc comparisons. Item-level associations between gender or specialization and each scored
response were examined using chi-square tests and Cramer’s V. Because 10 separate item-
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level tests were conducted, a Bonferroni-adjusted threshold of .005 (.05/10) was used as a
conservative reference point when evaluating the robustness of item-level findings.

Finally, a two-way analysis of variance was conducted with gender, teaching
specialization, and their interaction as fixed effects. Because the factorial design was
unbalanced, Type Il sums of squares were used. Assumption checks included
homogeneity of variance and inspection of residual distributions. The model was used to
examine whether bivariate gender-related differences remained detectable when teaching
specialization was included. However, because gender was unevenly distributed across
specialization groups, particularly in Preschool and Primary Education, the model cannot
fully disentangle gender from specialization. Therefore, gender-related findings are
interpreted cautiously, and emphasis is placed on specialization-group patterns rather than
on claims about an independent gender effect.

RESULT

The final analytic sample consisted of 455 participants, including 159 men (34.9%)
and 296 women (65.1%). In terms of teaching specialization, 117 participants (25.7%)
specialized in Primary Education, 106 (23.3%) in Preschool Education, 115 (25.3%) in
Computer Science, and 117 (25.7%) in Physics (Table 1). The gender distribution differed
markedly across specialization groups: women represented 95.3% of Preschool Education
and 81.2% of Primary Education, whereas men represented 63.5% of Computer Science
and 50.4% of Physics. This uneven distribution is important for interpreting gender-related
analyses, because gender and teaching specialization were not evenly crossed in the
sample.

Table 1. Sample characteristics and gender-by-specialization distribution

Variable Category n %
Gender Men 159 34.9
Women 296 65.1
Teaching specialization Primary Education 117 25.7
Preschool Education 106 23.3
Computer Science 115 25.3

Physics 117 25.7
Teaching specialization Men n (%) Women n (%) Total
Primary Education 22 (18.8) 95 (81.2) 117
Preschool Education 5(4.7) 101 (95.3) 106
Computer Science 73 (63.5) 42 (36.5) 115
Physics 59 (50.4) 58 (49.6) 117

*Note. The distribution of gender across teaching specializations was highly uneven, especially in Preschool
Education and Primary Education. The extreme gender-by-specialization imbalance prevents independent
estimation of gender effects; therefore, gender-related results are reported descriptively and should not be
interpreted as evidence of an independent gender effect.

The descriptive results for the 10 scored items are presented in Table 2. Correct-
response rates varied substantially across items, ranging from 19.1% to 72.5%. The lowest
percentages of correct responses were observed for items related to distinguishing EMR
from radioactivity and identifying EMR sources: Do smartphones emit radioactivity?
(19.1%), Do rooftop television antennas emit electromagnetic radiation? (20.0%), and Do
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wireless networks emit radioactivity? (28.4%). Items related to specific absorption rate
showed a more mixed pattern, with 48.1% correct responses for the meaning of specific
absorption rate, 57.6% for maximum permissible specific absorption rate limits, and 72.5%
for whether all mobile phones have the same specific absorption rate value. Across the 10
scored items, the average correctness score was 40.99% (SD = 24.24), indicating
substantial variation in performance across the selected EMR-related items.

Table 2. Correct and incorrect responses across the 10 scored items
Conceptual area Item Incorrect n (%) Correct n (%)
Do smartphones emit

EMR and radioactivity radioactivity? 368 (80.9) 87 (19.1)
S Do wireless networks
EMR and radioactivity emit radioactivity? 326 (71.6) 129 (28.4)
lonizing radiation Meaning of ionizing 280 (61.5) 175 (38.5)
radiation
Meaning of specific
SAR-related absorption rate in a
knowledge mobile phone / 236 (51.9) 219 (48.1)
smartphone
Are there maximum
SAR-related permissible specific 103 (42.4) 262 (57.6)
knowledge . L
absorption rate limits?
Do all mobile phones /
SAR-related smartphones h_a\_/e the 125 (27.5) 330 (72.5)
knowledge same specific
absorption rate value?
Technoloav-related Radiation emitted by
9y one’s mobile phone / 314 (69.0) 141 (31.0)
EMR
smartphone
Does Wi-Fi stop
Technollzcl)\g/gl)grelated emitting when no 162 (35.6) 293 (64.4)
device is connected?
Do rooftop television
Technology-related antennas emit
EMR electromagnetic 364 (80.0) 91(20.0)
radiation?
Electromagnetic Causes of
g electromagnetic 317 (69.7) 138 (30.3)
pollution .
pollution

Gender-related patterns in performance

In the bivariate analysis, men obtained a higher overall correctness score than women
(Table 3). The mean score for men was 49.56 (SD = 25.42), whereas the mean score for
women was 36.39 (SD = 22.31). This difference was statistically significant, t(453) = 5.72,
p <.001, with a moderate effect size (Cohen's d = 0.56), indicating that male participants
demonstrated a higher level of correct responses on the knowledge assessment than female
participants in the unadjusted comparison. Nevertheless, this finding should be interpreted
with caution. The observed difference reflects a bivariate association within the study
sample and should not be regarded as evidence of an independent effect of gender. The
distribution of gender was substantially uneven across teaching specializations, with male
participants being more strongly represented in Computer Science and Physics, while
female participants predominated in Primary and Preschool Education. Because teaching
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specialization was itself significantly associated with knowledge scores, the apparent
gender difference may be partially attributable to this imbalance. Therefore, the bivariate
result provides only a preliminary indication of gender-related variation and should be
interpreted alongside multivariate analyses that simultaneously account for teaching
specialization and other relevant covariates.

Table 3. Overall correctness score by gender and teaching specialization

Group n Mean SD
Men 159 49.56 25.42
Women 296 36.39 22.31
Primary Education 117 31.20 21.78
Preschool Education 106 30.75 20.13
Computer Science 115 48.00 24.32
Physics 117 53.16 22.08
Total sample 455 40.99 24.24

Table 4 further illustrates the uneven subgroup structure across teaching
specializations. In particular, the male subgroup in Preschool Education was very small (n
= b), resulting in a wide confidence interval and limited precision of the estimated mean.
Consequently, comparisons involving this subgroup should be interpreted with
considerable caution. In contrast, the Physics and Computer Science specializations
included substantially larger numbers of both male and female participants, allowing for
more stable estimates. Within these two specializations, the observed gender differences
were notably smaller than the overall bivariate gender gap, suggesting that much of the
apparent overall difference may reflect the unequal distribution of men and women across
teaching specializations rather than a consistent gender-related pattern. These findings
highlight the importance of considering the interaction between gender and teaching
specialization when interpreting the results. Overall, the subgroup analyses indicate that
teaching specialization is likely to account for a substantial proportion of the observed
variation, and therefore gender comparisons should be interpreted within the context of
specialization rather than as isolated effects.

Table 4. Gender-by-specialization subgroup means for the overall correctness score

Gender  Teaching specialization n Mean SD 95% CI
Men Primary Education 22 3455 27.90 [22.18, 46.92]
Men Preschool Education 5 18.00 20.49 [-7.45, 43.45]
Men Computer Science 73 5110 2453 [45.37, 56.82]
Men Physics 59 55.93 22.06 [50.18, 61.68]

Women Primary Education 95 3042 2021 [26.30, 34.54]

Women Preschool Education 101 31.39 20.00 [27.44, 35.33]

Women Computer Science 42 4262 23.28 [35.37, 49.87]

Women Physics 58 50.34 21.92 [44.58, 56.11]

Item-level gender-related associations are shown in Table 5. At the conventional .05
level, eight items showed statistically significant associations with gender. However, using
the Bonferroni-adjusted reference point of p < .005, six associations remained clearly
below the conservative threshold: Causes of electromagnetic pollution, Meaning of
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specific absorption rate, Do smartphones emit radioactivity?, Do all mobile phones have
the same specific absorption rate value?, Radiation emitted by one’s mobile phone, and
Do rooftop television antennas emit electromagnetic radiation? The association for Does
Wi-Fi stop emitting when no device is connected? was borderline at p = .005, whereas Are
there maximum permissible specific absorption rate limits? did not meet the conservative
threshold (p =.007). Cramer’s V values ranged from very small to modest, with the largest
association observed for the rooftop television antenna item.

Table 5. Gender-related differences in item-level responses

Item e p Cramer’s V Interpretation
Causes of electromagnetic 1 4o 91 178 Robust at p < .005
pollution
Meaning of ionizing 096 327 046 Not significant
radiation
Meaning of specific
absorption rate in a mobile 8.11 .004 133 Robust at p < .005
phone / smartphone
Do smartphones emit 153, _ 171 Robust at p < .005

radioactivity?
Are there maximum

permissible specific 7.15 .007 125 Significant at .05

absorption rate limits? only

Do all mobile phones /

smartphones have the 9.08  .003 141 Robust at p < .005

same specific absorption
rate value?

Radiation emitted by one’s g g9 95 147 Robust at p < .005
mobile phone / smartphone
Do wireless networks emit 5 g9 gy 081 Not significant

radioactivity?
Does Wi-Fi stop emitting

when no device is 7.81 005 131 Borderline under

Bonferroni
connected?
Do rooftop television
antennas emit 27.16 <.001 244 Robust at p <.005

electromagnetic radiation?

Differences by Teaching specialization

The overall correctness score differed significantly across teaching specialization
groups (Table 3), F(3, 451) = 30.75, p <.001, n2 =.170. Participants from Physics obtained
the highest mean score (M = 53.16, SD = 22.08), followed by Computer Science (M =
48.00, SD = 24.32), whereas teachers from Primary Education (M = 31.20, SD = 21.78)
and Preschool Education (M = 30.75, SD = 20.13) obtained lower scores. Post hoc
comparisons showed that Primary Education and Preschool Education did not differ
significantly from each other, and neither did Computer Science and Physics. However,
both Computer Science and Physics scored significantly higher than both Primary
Education and Preschool Education. This pattern indicates a clear association between
teaching specialization and performance on the selected EMR-related items.

Differences by teaching specialization were also visible at the item level. Significant
associations between teaching specialization and item performance were observed for all
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10 scored items at the conventional .05 level. Nine of these associations also remained
below the Bonferroni-adjusted reference point of p < .005; the exception was Radiation
emitted by one’s mobile phone / smartphone (p = .010), which should therefore be
interpreted as a weaker item-level finding. The largest Cramer’s V values were observed
for Does Wi-Fi stop emitting when no device is connected? (V = .333), Do smartphones
emit radioactivity? (V = .322), and Do wireless networks emit radioactivity? (V = .282).
Overall, the strongest specialization-related patterns appeared in items concerning
radioactivity, wireless networks, and selected SAR-related knowledge.

Joint effect of gender and Teaching specialization

A two-way analysis of variance (ANOVA) was conducted to examine the combined
effects of gender and teaching specialization on the overall correctness score (Table 6).
The overall model was statistically significant, F(7, 447) = 14.47, p < .001, explaining
18.5% of the variance in participants' scores (R? = .185). This indicates that the factors
included in the model collectively contributed to meaningful differences in teachers'
understanding of electromagnetic radiation. Prior to interpreting the ANOVA results, the
assumption of homogeneity of variances was evaluated using Levene's test. The test was
not statistically significant, F(7, 447) = 1.51, p = .163, indicating that the assumption of
equal error variances across groups was satisfied and that the ANOVA results could be
interpreted with confidence. Because the factorial design was unbalanced, reflecting
unequal numbers of participants across the combinations of gender and teaching
specialization, Type Il sums of squares were employed. This approach provides
appropriate estimates of the unique contribution of each factor after adjusting for the
unequal cell sizes and the presence of the other factor in the model, thereby yielding more
reliable tests of the main and interaction effects.

When gender and teaching specialization were entered simultaneously into the two-
way ANOVA model, the main effect of gender was no longer statistically significant, F(Z1,
447) = 0.14, p = .708, partial > < .001. This finding indicates that, after controlling for
differences in teaching specialization, gender did not explain a meaningful proportion of
the variance in teachers' overall correctness scores. In contrast, the main effect of teaching
specialization remained statistically significant, F(3, 447) = 18.57, p < .001, partial n? =
111, representing a moderate effect size. This result demonstrates that teachers'
disciplinary background was a substantially stronger predictor of conceptual understanding
than gender, accounting for approximately 11.1% of the explained variance after
adjustment for the other factor.

The interaction between gender and teaching specialization was also not statistically
significant, F(3, 447) = 1.34, p = .261, partial > = .009. Thus, there was no evidence that
the relationship between teaching specialization and correctness scores differed
systematically for men and women. Nevertheless, these findings should be interpreted with
appropriate caution because the factorial design was characterized by highly unequal cell
sizes. In particular, the Preschool Education subgroup included only five male participants,
resulting in limited statistical power and reduced precision for estimating both the gender
main effect and the interaction effect. Small and unbalanced subgroup sizes increase
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standard errors and make the detection of genuine effects more difficult, especially for
interaction terms.

Consequently, the absence of statistically significant gender and interaction effects
should not be interpreted as conclusive evidence that gender has no influence on teachers'
understanding of electromagnetic radiation. Rather, the results indicate that the gender
difference observed in the bivariate analysis was no longer detectable after accounting for
teaching specialization and the uneven distribution of participants across subgroups. Taken
together, these findings suggest that the apparent overall gender difference is more
plausibly explained by differences in disciplinary specialization than by gender itself,
although future studies employing more balanced sampling designs are needed to confirm
this conclusion and provides greater statistical power to test potential interaction effects,
which are certainly clearer and more accurate.

Table 6. Summary of main inferential analyses

Analysis Statistic p Effect size / note
Reliability of 10-item scale  Cronbach’s a.=.713 — Acceptable for exploratory use
Total score by gender t(453) =5.72 <.001 Cohen’s d = 0.56; bivariate result
Total score by teaching 3 451)=3075 <001 =170
specialization
Two-way ANOVA model F(7,447) = 14.47 <.001 R2 =185
Gender main effect with _ L . .
specialization included F(1,447)=0.14 .708 partial n? <.001; interpret cautiously
Teaching specialization
main effect with gender F(3, 447) = 18.57 <.001 partial n2=.111
included
G.en.der.x tgachlng_ F(3,447)=1.34 .261  partial n2 =.009; limited by uneven cells
specialization interaction
Levene’s test F(7,447) =151 163 Homogeneity of variance not violated
Sums of squares in Type 1l — Used because of unbalanced design

factorial ANOVA

DISCUSSION

The findings document substantial incorrect responding on selected EMR-related
items, especially those involving the distinction between electromagnetic radiation and
radioactivity, the identification of electromagnetic emissions from everyday technologies,
and specific absorption rate. These patterns are consistent with previous research showing
that radiation-related topics are conceptually demanding and often associated with risk,
danger, and radioactivity in learners’ reasoning (Millar, 1994; Morales Lopez & Tuzdn
Marco, 2022; Neumann & Hopf, 2012; Plotz, 2017; Plotz & Hopf, 2016; Wong et al.,
2023). However, because the present instrument used dichotomously scored items and did
not include interviews or open-ended explanations, the results should not be interpreted as
direct evidence of stable alternative conceptions or a fully developed danger-based schema.
Rather, they show that many teachers selected responses consistent with common
misconceptions, particularly on items concerning smartphones, wireless networks,
television antennas, and the distinction between EMR and radioactivity. These findings
extend previous work by showing that such incorrect responses are also observable among
teachers and not only among students or the general public (Gavrilas & Kotsis, 2024).
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This finding is educationally important because it suggests that everyday exposure
to technology does not necessarily correspond to accurate scientific understanding.
Familiarity with smartphones, Wi-Fi, and other wireless systems may coexist with
incorrect or incomplete responses about what these technologies emit and how radiation-
related terms should be interpreted. The present study did not directly measure scientific-
literacy competencies such as source evaluation, evidence appraisal, or resistance to
alarmist narratives. Nevertheless, the low performance on several technology-related EMR
items indicates why such competencies may be educationally relevant in this topic. This
interpretation is consistent with broader work emphasizing the importance of evaluating
claims, assessing evidence, and judging source credibility in public scientific contexts
(Chinn et al., 2023; Osborne & Allchin, 2024; Osborne & Pimentel, 2023). It is also
compatible with studies showing that university students may combine incomplete
knowledge about radiation-emitting technologies with negative attitudes, protective
behaviors, and health-related concerns (Gavrilas et al., 2022; Gavrilas & Kaotsis, 2023b).
EMR can therefore be approached not only as a physics content area but also as a context
for developing scientific literacy.

The differences observed across teaching specializations represent one of the most
robust findings of the present study. Teachers specializing in Physics and Computer
Science consistently achieved higher correctness scores than those in Primary and
Preschool Education, a pattern that was evident not only in the overall score but also across
several individual questionnaire items. These results suggest that teachers' disciplinary
background is closely associated with their understanding of key concepts related to
electromagnetic radiation (EMR), including the distinction between EMR and
radioactivity, emissions from wireless technologies, and the specific absorption rate
(SAR). The consistency of this pattern across multiple analyses further strengthens the
conclusion that specialization is an important correlate of conceptual understanding in this
domain. Nevertheless, the cross-sectional nature of the study precludes any causal
interpretation of these associations. The findings do not demonstrate that teaching
specialization itself directly improves conceptual understanding. Instead, the observed
differences may reflect a range of underlying factors, including greater exposure to physics
and technology-related content during university education, more frequent engagement
with scientific concepts in professional practice, stronger scientific literacy, more recent
disciplinary training, or other educational and experiential variables that were not
measured in the present study. Consequently, the relationship between specialization and
performance should be interpreted as associative rather than causal.

These findings are broadly consistent with previous research indicating that subject
specialization is positively associated with teachers' content knowledge and instructional
effectiveness (Hwang & Kisida, 2022). However, the present results should not be
interpreted as evidence that disciplinary specialization alone leads to superior scientific
reasoning or conceptual competence. Rather, they suggest that teachers whose professional
backgrounds are more closely aligned with science and technology are more likely to
demonstrate accurate understanding of concepts related to EMR, radioactivity, wireless
communication technologies, and SAR. Future research employing longitudinal or
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experimental designs would be valuable for clarifying the mechanisms underlying these
associations and determining the extent to which targeted professional development can
reduce conceptual differences across teaching specializations.

The gender-related pattern should be interpreted with particular caution. Although
men scored higher than women in the bivariate comparison, the two-way model showed
that this difference was not detectable once teaching specialization and the gender-by-
specialization structure of the sample were included. This does not prove that gender has
no role (Hanif et al., 2025; Nuha & Rahman, 2025; Saputra et al., 2025). The sample was
highly unbalanced, with women concentrated in Preschool and Primary Education and men
more represented in Computer Science and Physics. Therefore, the study cannot fully
disentangle gender from specialization. The safer conclusion is that the observed bivariate
gender difference was strongly linked to the uneven distribution of men and women across
specialization groups. This interpretation is consistent with broader evidence that gender-
related differences in educational technology competencies, technological pedagogical
content knowledge, and classroom-related perceptions are often shaped by contextual and
educational factors (Rizal et al., 2021; Guillén-Gdmez & Rodriguez-Fernandez, 2022;
Musters et al., 2024). Future studies with balanced sampling across gender and
specialization are needed before stronger claims about gender can be made.

From the perspective of teacher education, the implications are important but should
be framed cautiously. The present study did not examine classroom practice, student
outcomes, or teachers’ actual explanations during instruction. Therefore, it cannot
demonstrate that teachers’ incorrect responses are reproduced in classrooms. Nevertheless,
teachers’ subject-matter understanding remains relevant because it forms part of the
knowledge base through which scientific ideas are selected, explained, and connected to
everyday examples (Pajares, 1992). The particularly low correct-response rates on items
such as whether smartphones emit radioactivity and whether rooftop television antennas
emit electromagnetic radiation suggest that teacher education should give more explicit
attention to the EMR-radioactivity distinction and to common technological examples.
This concern aligns with recent work emphasizing the need to treat EMR as a scientific-
literacy issue and to connect conceptual knowledge with practical teaching situations
(Gavrilas & Kaotsis, 2024; Kotsis & Gavrilas, 2025).

The findings therefore point to the need for more explicit conceptual work on EMR
in teacher education programs, especially in pedagogy-oriented pathways. Such work
should directly address conceptual boundaries that are easily blurred: radiation versus
radioactivity, ionizing versus non-ionizing radiation, emission versus contamination,
exposure versus harm, and scientific evidence versus generalized fear. Instructional
activities could, for example, compare Wi-Fi routers, mobile phones, ultraviolet radiation,
X-rays, and radioactive materials in terms of frequency, energy, ionization, and risk;
examine media headlines about 5G or mobile-phone radiation; and require teachers to
explain SAR in relation to absorption rather than danger alone. The literature suggests that
conceptual clarification can be strengthened through inquiry-based engagement and
carefully designed conceptual change strategies (Kotsis, 2023; Eymur & Cetin, 2024;
Kontomaris et al., 2020; Pacaci et al., 2024). In this sense, the present findings should be
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understood not as proof of teachers’ stable alternative conceptions, but as evidence of an
urgent curricular need to strengthen teachers’ EMR-related knowledge and their ability to
interpret everyday technological contexts scientifically.

Several limitations should be noted. First, the study was conducted with teachers in
a specific Greek educational setting, which limits the extent to which the findings can be
generalized to other educational, cultural, or curricular contexts. Second, the use of a
closed-ended questionnaire supported systematic comparison across groups, but it did not
allow direct examination of teachers’ reasoning, explanations, or confidence in their
answers. Therefore, incorrect responses should be interpreted as responses consistent with
common misconceptions or limited factual understanding, not as direct evidence of stable
alternative conceptions. Third, the 10-item score should be interpreted cautiously.
Although internal consistency was acceptable for exploratory use (Cronbach’s a = .713),
the scale was short and included items from related but not identical domains, such as
EMR-radioactivity distinctions, SAR-related knowledge, and recognition of EMR
sources. Because factor analysis or item-response modelling was not conducted, the total
score should be viewed as an exploratory summary index rather than as evidence of a single
unidimensional construct. Fourth, some items may have been especially sensitive to
wording or contextual interpretation. This concern is particularly relevant for items
involving “electromagnetic pollution,” radiation from smartphones, and rooftop television
antennas, because such terms may evoke risk-related or everyday interpretations rather
than strictly physics-based reasoning, especially in relation to public perceptions of
wireless technologies (Freudenstein et al., 2015). Fifth, the gender distribution was highly
uneven across specialization groups, especially in Preschool and Primary Education. This
means that the study cannot fully disentangle gender from teaching specialization, and
gender-related findings should not be interpreted as independent gender effects. Finally,
because the study was cross-sectional, it cannot show how teachers’ responses develop or
change through experience, instruction, or professional development.

CONCLUSION

This study documented low performance on selected items concerning
electromagnetic radiation and everyday technologies among the participating teachers.
Incorrect responses were especially frequent on items involving the distinction between
electromagnetic radiation and radioactivity, the interpretation of radiation from wireless
technologies, and the recognition of everyday EMR sources. These findings are consistent
with earlier work showing persistent confusion around radiation-related concepts among
students, pre-service teachers, teachers, and the public (Colclough et al., 2011; Gavrilas &
Kotsis, 2023a, 2024; Morales Lopez & Tuzdén Marco, 2022).

The findings also showed clear differences across teaching specialization groups.
Teachers in Physics and Computer Science obtained higher scores than teachers in Primary
and Preschool Education, suggesting that specialization background was associated with
performance on the selected EMR-related items. However, this result should not be
interpreted causally, because the study did not directly measure prior coursework,
professional development, teaching experience, or other factors that may differ across
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specialization groups. Although men scored higher than women in the bivariate analysis,
the study cannot determine whether gender has an independent effect because gender and
specialization were strongly confounded in the sample. The safer conclusion is that the
observed bivariate gender difference was closely linked to the uneven distribution of men
and women across specialization groups.

From a teacher-education perspective, the findings underline the need for more
explicit instruction on EMR, especially in pedagogy-oriented programs. Teacher
preparation should help educators distinguish between ionizing and non-ionizing radiation,
electromagnetic radiation and radioactivity, exposure and contamination, and scientific
evidence and generalized fear. Instruction should also connect these distinctions with
familiar examples such as smartphones, Wi-Fi routers, antennas, and SAR. Future research
should use larger and more balanced samples, especially across gender and specialization
groups, and should combine closed-ended items with interviews, open-ended explanations,
or intervention designs to examine whether incorrect responses reflect stable
misconceptions, fragmented knowledge, or test-related artifacts (Fabregues et al., 2023;
Pacaci et al., 2024).
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