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Abstract. There is a worldwide tendency to approach physics in everyday life. Special attention is being paid
to the integration of socio-scientific issues into physics teaching such as saving energy, climate change and its
consequences, and other examples. Severe weather conditions and lightning activities, which often cause severe
damage and sometimes death, can also be found among the weather-related problems. The accurate description
of these topics for high school learners is very complex, but presenting them in a relevant, authentic, and inspir-
ing manner is motivating. Motivation is almost as important as the teaching of the content knowledge because
learning physics in public education nowadays seems to be less and less popular among students. This paper aims
to share our teaching experiences and some of the ideas concerning lightning strikes and the damages caused by
them. In this study, we also cover some of the common beliefs and misconceptions related to lightning flashes
and examine our students’ thoughts about them.

1 Introduction

Lightning is not only a fearful but also a breathtakingly won-
derful natural phenomenon (Fig. 1). Its real characteristics
have been unrevealed for centuries, thus people attributed
supernatural power to lightning strikes. Due to the lack of
knowledge, many myths are attached to them. Some of these
still appear in people’s minds nowadays. However, there are
also positive effects of lightning which are mentioned rather
rarely, for example, a medium-size lightning flash produces
almost 150 kg of ozone in the atmosphere.

In recent years, lightning strikes have also come into the
forefront of public interest as significant damages and for-
est fires caused by extreme weather conditions and severe
thunderstorms. The latter seems to occur more frequently, al-
though the literature does not support it (Finney, et al., 2018;
Chakraborty et al., 2021; Romps et al., 2014).

Lightning events appear during thunderstorms that often
occur at cold fronts and affect people’s well-being and health
as well. The study of lightning discharges and their forma-
tion is very complex and difficult to discuss in high schools
due to the lack of students’ knowledge in higher mathe-

matics and physics. Therefore, we used the MER (Model
of Education Reconstruction) conception (Duit et al., 2012)
to decide how to transfer the scientific knowledge of this
topic to the students. We concentrated on the understand-
ing of the phenomenon, so we made simplifying assump-
tions to describe the mechanism of lightning and its impacts.
Even though we focused on the basic principles of light-
ning physics and primarily analysed lightning-hazardous sit-
uations, we must highlight that lightning is also vital for hu-
man nutrition and the protection of the ozone layer. Atmo-
spheric Nitrogen (80 % of the molecules in the Earth’s at-
mosphere are composed of two nitrogen atoms bonded to-
gether (N2) is a fairly inert element, it does not react easily
with other compounds, so before being used by most living
beings must go through a fixation process, which can occur
abiotically in natural conditions as a result of atmospheric
electrical discharges or lightning. The N2 fixation process is
a combination with oxygen or hydrogen to give oxide or am-
monium. When they fix nitrogen on impact in the soil, they
are a true feast for plants, which is quickly reflected in ex-
traordinary vigor and growth. Likewise, lightning is essen-
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Figure 1. Lightning is a beautiful natural phenomenon.
(Source: Pixabay https://pixabay.com/hu/photos/vill%c3%
a1m-zivatar-thunderbolt-3087117/)

tial for human protection by producing ozone in the upper
layers of the atmosphere. Tropospheric ozone in greater per-
centage is formed by chemical reactions from nitrogen ox-
ides produced by lightning (Borucki and Chameides, 1984).
Some teaching resources were created based on a few ex-
cellent books, articles (Cooray, 2015; Cooray et al., 2007;
Uman, 1987; Rakov and Uman, 2013; Cooper et al., 2016;
Cooper and Holle, 2019), and the platform MetEd (Mete-
orological Education https://www.meted.ucar.edu/index.php,
last access: 15 December 2021).

The importance of our research is also supported by the
new curriculum, which was introduced in Hungary last year.
Some new topics have emerged into the physics curriculum.
Several meteorological areas can be found among them, such
as the formation of clouds and precipitation, and the physics
of lightning discharges. The basic principles of lightning pro-
tection and the proper behaviour during thunderstorms are
also included in the new curriculum.

The aims of our research are twofold:
For physics teachers and future physics teachers:

– to make suggestions for them to consider what and how
to teach this topic in high schools,

– to share our teaching experiences with them,

– to create some teaching resources, which can be effec-
tively used for self-learning at home and in classroom
activities.

For students:

– to dispel their misconceptions related to lightning,

– to awaken their curiosity and to increase their physics
engagement and motivation,

– to provide students with behaviours to avoid lightning
injury and promote lightning safety with their families
and friends.

Figure 2. Stages of lightning flashes. (Figure created by authors
based on Uman)

In this paper, we first review the scientific knowledge about
lightning, which can be integrated into the high school
physics curriculum. Then the properties of lightning strokes
will be briefly summarized, especially those thatdetermine
the biological effects of flashes. Then a short insight will be
given into the interactions of lightning flashes with humans
and the different types of injuries caused by them. Finally,
some of the results of our survey will be presented to demon-
strate the importance of addressing the topic in high schools
as well.

2 Teaching and learning process

2.1 First stage – creating teaching resources and
pre-test

As the phenomenon is very complex and multifaceted, we
first determined the focal points we would teach. We also ex-
amined their interdisciplinary implications and created some
teaching resources (summaries, worksheets, and some online
games using web 2.0 apps, Takatsne Lucz, 2021). 54 students
(two classes, 16–17-year-old pupils) were selected to test our
materials. All of them have never learned about these top-
ics. They were asked to complete pre-and post-tests. Some
of their responses are shared in the diagram below (Fig. 5).

2.2 Second stage – the lessons

The lessons about lightning activities and the basic principles
of lightning protection can be found in the supplementary
part of physics textbooks, mainly embedded in electrostatics.
It should be highlighted that the phenomenon is much more
complex than limiting it to this chapter of physics. More-
over, further discussions in other chapters (such as magnetic
induction and electromagnetic radiation) are needed to get
deeper knowledge about lightning strikes. Furthermore, dis-
cussing the features of lightning in some other chapters of
physics facilitates the knowledge transfer using laws learned
in different topics and develops students’ approaches to sci-
ence. During the learning process, we used several simula-
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Table 1. The most used apps and simulations in the classroom activities.

Name Description

COMET MetEd free training resources for the geoscience
community

https://www.meted.ucar.edu/index.php (last ac-
cess: 8 February 2022)

National Weather Service free extensive educational materials at the
high school level, including great anima-
tions, activities and games, statistics, and
effective behaviours to avoid lightning in-
juries

https://www.weather.gov/safety/lightning-myths
(last access: 8 February 2022)

Phet free research-based interactive simula-
tions in science

https://phet.colorado.edu/en/simulations/browse
(last access: 8 February 2022)

Physics at school free interactive simulations in Physics https://www.vascak.cz/physicsanimations.php
(last access: 8 February 2022)

Quizizz free gamified quizzes and interactive
lessons including a host of pre-built
quizzes. Users can also create their ones
by using different templates. It is an ex-
cellent tool for practicing and deepening
concepts.

https://quizizz.com/ (last access: 8 February 2022)

Learning Apps It is similar in function to Quizizz but uses
different templates.

https://bit.ly/3xKdupA (last access: 8 February
2022)

tions and web 2.0 applications, which helped students to ac-
quire a deeper understanding of the phenomenon (Table 1).

The generation of lightning flashes and their role in atmo-
spheric electricity cannot be understood without the knowl-
edge of some important facts in atmospheric physics. There-
fore, before studying lightning flashes we briefly summa-
rized the stages of thunderstorm build-up, the formation of
thunderstorm clouds, and their electrification processes. Af-
ter describing how clouds gain charges, and what kind of
electric field is generated by them, we examined the op-
eration of the global atmospheric electric circuit. We also
studied the relationship between the daily profile of elec-
tric field strength and thunderstorm activities. We analysed
global lightning maps and observed the global distribution
of lightning flashes as well. The introductory experiments in
electrostatics (such as the sparks produced by a Van de Graff
generator) provide a good opportunity to demonstrate the
simplified way of the occurrence of lightning strokes. Then
we focused on the physics of lightning flashes, especially the
mechanism of lightning strikes. Based on special photos and
slow-motion videos we noticed that lightning strikes consist
of several stages (Cooray, 2015) (Fig. 2).

Both spatial and temporal structures of lightning are very
complex, therefore we separated the whole process into
two stages: pre and main lightning. The pre-lightning stage
should be identified by the discharge going downwards and
forming the discharge channel, while the main lightning
should be the return stroke. After then, we highlighted some
of the characteristics of lightning strikes. In the literature,

four parameters are mentioned as the most important ones
for lightning protection. They are:

i. the maximum value of lightning current (Imax),

ii. the steepness of the lightning current (dI/dtmax),

iii. the total charge of the lightning current (Q=
∫

Idt),

iv. the specific energy W/R, which determines the energy
deposited by the impulse current in resistance of 1�.

Finally, we examined the electric and magnetic fields gen-
erated by lightning flashes and their consequences (interac-
tions with humans, generation of thunder, induced electric
and magnetic field and their effects, injuries to the nervous
system, the ears and to the eyes). Particular attention has
been paid to the electromagnetic spectrum of the strikes, the
electromagnetic radiation in radio-, visible light, and in high-
frequency ranges. The discussion of lightning detection illus-
trates innovative and well-applied engineering techniques for
students interested in engineering. The electromagnetic field
of lightning is worth discussing in connection with the teach-
ing of electromagnetic waves. The interpretation of radio
waves provides an excellent opportunity to introduce elec-
tromagnetic waves. (Turning our radio into the medium or
low frequency (app. 1 MHz) a squeaking sound can be no-
ticed when we rub a plastic rod next to it. Naturally, the ra-
dio also squeaks during a lightning strike.) Radio waves can
be attributed to the fact that lightning works as a huge an-
tenna. According to the antenna model, we can estimate the
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frequency of radio waves generated by lightning flashes. CG
(cloud to ground) lightning striking from an altitude of 2–
8 km would radiate in the range of 10–40 kHz. Such waves
are emitted by lightning events, but the estimate is inaccu-
rate. The antenna model can be used in high school teach-
ing for understanding the phenomenon, but the calculations
for frequencies can only be applied with criticism since the
charge current in the lightning channel and the antenna is
different.) The electromagnetic spectrum of flashes (such as
radio waves, visible light, and the X and gamma rays) can
be explained by different mechanisms. The visible light pro-
duced by lightning flashes can be explained by the move-
ment of ionized and excited particles in the heated lightning
channel that emit light. The colour of lightning is determined
by their characteristic radiation and influenced by several at-
mospheric parameters such as the moisture content and the
pollutants in the air. The existence of high-energy particles
(gamma rays) has long been a controversial issue in light-
ning physics. Their formation can be attributed to the ioniz-
ing effect of the so-called “runaway” electrons. (“Runaway”
electrons are those particles, which accelerated to a relativis-
tic rate in the strong electric field generated by lightning.)

Although we cannot accurately describe these events and
their effects in high schools, they still give extremely good
practical applications of the laws learned in some other chap-
ters of physics and help students gain a deeper understanding
of the topic.

2.3 Third stage – common beliefs and misconceptions

Students have many misconceptions based on their previous
knowledge and misinformation in media as well. Research
on students’ beliefs and the way of dispelling them have
long been of interest to science educators (Kuczmann, 2017)
We were also curious about our students’ beliefs about these
misconceptions. Therefore, we collected a list of myths re-
garding lightning activities and created a test based on them.
The myths were separated into three groups. The first one for
those which were associated with the properties of lightning
flashes. The second group contained those statements which
related to the principles of lightning protection and the last
one linked to the proper behaviour during a lightning flash.
Most of the tasks were multiple-choice ones, some state-
ments required true or false responses and there were also
some of them which required short written answers or expla-
nations (Table 2). 119 high school students (16–17-year-old)
were asked to participate in our survey.

Students completed the Google Form questionnaire un-
der controlled conditions. By analysing these questions and
dispelling misconceptions, students not only gain a deeper
knowledge of nature, but the pieces of information they have
acquired can also protect them from serious injuries. Before
giving them explanations for these statements and dos and
do nots (Table 3) we had to introduce students to some of the
effects and the mechanisms of injuries caused by lightning

flashes. They can be classified as primary or secondary ones.
The first group includes those impacts which are associated
with lightning current passing through the human body, such
as direct strike, side flash, touch voltage, step voltage, ground
arcing and upward streamer (Fig. 3).

2.3.1 Primary effects

The chart (Fig. 4) shows the distribution of injuries among
different mechanisms. The data are based on the analysis of
hundreds of cases (Cooper and Holle, 2019; Cooper et al.,
2016).

Direct strike: during a direct strike the victim is part of
the flash channel and all the current of lightning is directed
through his/her body and skin.

Touch voltage: Touch voltage injury occurs when a person
stands on the ground and touches an object struck by light-
ning.

Step voltage (ground currents, arcing and other
examples): https://manualzz.com/doc/20196876/
understanding-voltage--ground-current-lab-exercise-for-li.
.. (last access: 8 February 2022)

When lightning strikes the ground, the lightning current
disperses radially out from the strike point uniformly around
a hemisphere (if the soil is uniform and isotropic). As it flows
through the ground, a potential difference can be found be-
tween two points on the Earth’s surface, which are at differ-
ent distances from the strike point.

(The value of the potential is the highest at the strike point,
and decreases away from it.) When a person stands with one
foot toward the strike point and the other away from it, the
voltage between the two points will drive a current through
his body. This current can cause injuries (Cooray, 2007).

Side flash: during a strike the lightning current “jumps”
from the struck object to the nearby person due to the voltage
between the object and the victim.

Upward Streamer: the downward moving stepped leader
and its electrical field induce upward leaders launched from
several grounded objects. Only one of them attaches to
the downward-stepped leader. A person situated next to the
stepped leader can also be a source of such an upward leader.
Although these upward leaders last for a very short time
(a few tens of microseconds) and these currents are much
smaller in amplitude than those in direct strikes, they can also
inflict injuries on humans (Cooray, 2015).

2.3.2 Secondary effects of lightning

Secondary or indirect effects of lightning are for example
the generation of thunder, the induction due to lightning-
generated electric and magnetic field, heating and melting
of materials as lightning current passes through the objects,
and the emission of electromagnetic radiation. In teaching,
we focused on those which are determinants for injuries to
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Table 2. Common beliefs and students’ responses.

Common beliefs Students’ responses

1. Most lightning injuries and deaths are caused by direct strikes.
(No truth)

Yes: 86.8 % No: 13.2 %

2. Lightning never strikes the same place twice. (No truth) Yes: 36.4 % No: 63.6 %

3. Lightning always strikes the tallest object. (No truth) Yes: 63.6 % No: 36.4 %

4. The primary cause of death from lightning is burns. (No truth) Yes: 79.1 % No: 20.9 %

5. Being outside during a heavy storm with lightning we lie down on the ground
until the storm recedes because we know that lightning always strikes the
tallest object. Did we do the right thing?
(No truth)

Yes: 76.4 % No: 23.6 %

6. While climbing up to the top of a mountain a heavy storm breaks out and
lightning strikes as well. There is no shelter nearby. We find a shallow cave
on the mountainside. We hide inside and wait for the storm to pass. Did we do
the right thing? (No truth)

Yes: 92.7 % No: 7.3 %

7. Lightning victims remain electrified and dangerous to touch.
(No truth)

Yes: 43.7 % No: 56.3 %

8. It is dangerous to have a bath or a shower even inside a building when it is
lightning outside. (No truth)

Yes: 38.2 % No: 61.8 %

9. What do you think about the possibility of harvesting lightning energy? (c)
(a) It is technically an unresolved problem, but it is worth thinking about.
(b) It has been already resolved.
(c) It does not worth thinking about.

a: 57.7 %
b: 13.2 %
c: 29.1 %

10. The current produced by a lightning flash is... (c)
(a) a direct current.
(b) an alternating current
(c) none of them.

a: 34.1 %
b: 54.5 %
c: 11.4 %

We chose 10 questions from the test about lightning myths to demonstrate the students’ misconceptions.
119 students were asked to fill in the questionnaire. The distribution of their responses is shared in the second column.

Figure 3. Primary effects of lightning strikes. (Figure created by the authors).
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Figure 4. Distribution of primary effects of lightning strikes.

the human body and can also serve as a basis for misconcep-
tions.

The major cause of lightning death is cardiopulmonary
arrest. The electrical function of the human body and ner-
vous system is controlled by subtle bioelectric effects. Light-
ning may severely disrupt this process by depolarizing the
myocardium (the heart muscles) producing abnormal heart
rhythms and cardiac arrest or leading to ventricular fibrilla-
tion.

Burns: In the case of a lightning flash, burns are generally
superficial, because the major fraction of the lightning cur-
rent flow over the surface of the human body (Cooper et al.,
2016). Thus, the energy dissipation in the body is very small.
(For a 60 kg and 1.8 m human it is approximately 2 J kg−1.)
(Cooray et al., 2007) However, in special cases (such as wet
skin or wearing metal objects) the surface discharge may
cause extensive burns.

Shock waves: Since the temperature in the channel in-
creases up to 25–30 000 K in a few microseconds the pres-
sure of the gas suddenly increases. The rapid expansion of
the air generates shock waves. Shock waves are particularly
dangerous for organs containing liquid or gas (such as the
lungs and the middle ear). The most common injury is the
rupture of the eardrum. Although sometimes the eardrum re-
mains intact, the hair cells are damaged by the lightning cur-
rent or the shock waves, which cause permanent hearing loss.
(Blumental et al., 2012).

Shrapnel-effect: small fragments from the environment
can enter the body cavities and cause different injuries. The
severity of these injuries is determined by the kinetic energy,
the shape and the density of the shards, the location of the in-
jury, and the clothing covering the body surface (Blumental,
2012).

3 Results and Discussion

The chart shows the percentage of the students who answered
correctly. The numbers of the questions in the diagram refer
to the list below. The keywords or phrases for expected re-

Figure 5. Students’ responses in pre-and post-tests.

sponses are shown in the brackets. Only those answers were
accepted as correct ones, which contained all the listed infor-
mation.

Questions:

1. In normal conditions, the air is a good insulator. In the
case of a lightning flash, it must become conductive.
How is it possible? (Air conductivity increases/ the crit-
ical value of electric field (breakdown) decreases)

2. What types of lightning flashes do you know? (CA:
Cloud to air, IC: intracloud, CG: cloud to ground, CC:
cloud to cloud)

3. How does thunder occur? Review the process. (Sudden
increase in pressure and temperature from lightning, the
rapid expansion of the air surrounding and within light-
ning channel, sonic shock waves)

4. What kind of impacts of lightning do you know? List at
least 4 of them.

5. (a) A lightning rod is a rod attached to the top of a
building, connected to the ground through a wire. Do
you know how it works? Explain it briefly. (The electric
field is the strongest at those locations where the con-
ducting object is the most curved; due to the ionization
of the surrounding air the pointed object enhances the
conductive ability of the air)

6. (b) Do lightning rods attract or repel lightning strikes?
(Neither of them, lightning rods provide a conductive
pathway of the charge to the Earth.)

7. How can we estimate our distance from a light-
ning strike, if we know the time elapsed between
the thunder and the lightning flash? Let t = 3 s and
vsound = 330 m s−1 (s = vt , where s is the distance re-
quired, v is the speed of the sound and t is the time.
Formula + substitution of data + calculation)

Adv. Sci. Res., 19, 137–144, 2022 https://doi.org/10.5194/asr-19-137-2022
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Table 3. Dos and don’ts in the case of a lightning flash.

8. Astronauts and aircraft pilots observed extensive dis-
charges in the upper atmosphere. Have you ever heard
about any of them? Match their photos and their names.
Based on Bloom’s Taxonomy (Anderson et al., 2000)
the major types of knowledge dimensions, ranging in or-
der, are factual, conceptual, procedural, and metacogni-
tive knowledge. (Factual knowledge is the lowest level.)
Our research aimed to enhance students’ learning of ba-
sic information about lightning that they must be ac-
quainted with.

Acquiring this factual knowledge is important for them
to understand the deeper relationships among the more
complex pieces of information and concepts that define
the topic. The results of the post-tests (almost 100 %
of students’ responses) show that we have achieved our
goals. Moreover, dos and do nots we summarized at the
end of the learning process, also help them to behave ap-
propriately in lightning-hazardous situations (Table 3).

We realize that we have only scratched the surface of
the field of lightning physics and further research is needed
in creating teaching resources to achieve a higher level of
Bloom’s taxonomy.

4 Conclusions

Exploring and understanding the physics of natural phenom-
ena bring us closer to getting to know the world around us.
However, the substantive discussion of lightning events is
difficult in high schools due to the complexity of the topic
and the lack of higher mathematical and physical apparatus
required for the description, certain parts of the topic can be
studied through elementary approaches. Based on our expe-
rience of testing and the students’ feedback we are convinced
that the subtopics we chose can help spark their curiosity and
promote their scientific and critical thinking. Moreover, the
results of the students’ pre- and post-tests provide evidence
that our teaching resources can also be effective in supporting
not only their face-to-face but also their independent learn-

ing. Discussing the issues of lightning protection provides
students with practical knowledge that can be applied in their
everyday life and opens doors for us to dispel several miscon-
ceptions about lightning.
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