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Abstract: The choice of topic was important to show that it is possible to do environmental
physics in this few science lessons we have, while doing projects in class or outside of class.
Projects that can be used and tested in secondary school’s physics lessons are presented, with
environmental education as one of the objectives. An important feature of the projects is that
they can be integrated into the physics curriculum and support the learning and use of modern
skills. Examples of such skills include collaboration, internet awareness, data analysis,
research approach and interdisciplinary thinking. The main aim of this article is to present
some of the projects that have been tried out in physics lessons, which have been effective in
raising environmental subjects and have also been used as motivational activities. As a result
of the projects, an increase in students’ motivation towards both physics and specific aspects of
nature conservation was detected.

Keywords: environmental education; physics education; project-based education; developing
21st century competences

1. Introduction

Environmental education also found a place in the education system of post-war Hungary, in
1970, and was further elaborated in 1990. It was also included in the central law regulating the
education system, the 1995 National Basic Curriculum (Lenches, 1998; Ballér, 2003). With the
creation of the framework curricula in 2001 it was included in the basic curriculum and it plays
an increasingly important role, primarily an attitude-shaping role, in the Hungarian education
system (Konya, 2018). This is also reflected in the teaching of physics. Examples of this are
shown in the context of small group activities and school projects in grades 7-10. The
combination of everyday life questions and the exact knowledge of physics helps to develop
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scientific cognition, strengthen problem-solving skills and help to answer questions that often
seem distant.

We begin by addressing the importance of environmental education, both in education and in
understanding the problems of everyday life. Then we will analyse the place and role of
environmental education in physics education, followed by a presentation of the projects and
good practices we have developed. We will also look at good practice abroad.

2. Hungary's education system today

Since 2005, the country has had a two-tier school-leaving certificate system, which means that
you can take either the intermediate or the advanced level. The range of subjects is expanding,
including specialised subjects and foreign languages, but all students have 4 compulsory
subjects, Hungarian language and literature, mathematics and history, and a foreign language.
Apart from these, there is no limit to the number of subjects a student can take. There is no limit
on the number of subjects that can be taken, except in the final year, in science subjects after
the end of the subject, as well as in digital culture. In addition, if the school offers a foreign
language as an additional subject, it is also possible to take foreign languages from year 10

onwards, after the end of the school exams.

The most typical type of school in Hungarian public education is the 8-year primary school
followed by a 4-year gymnasium or 5-6-year vocational gymnasium. Admission to primary
school is generally linked to the place of study, and there are few primary schools that link
admission to the school to admission. However, after primary school, students have to take
entrance examinations and are then admitted to the type of school of their choice. Secondary
schools prepare students primarily for higher education and for the school leaving certificate,
while vocational schools prepare students for the school leaving certificate, but they have
already specialised their studies and take a vocational examination on leaving school. After
finishing primary school, those who do not go to university can continue their studies in a

vocational school, where they have to learn a specific trade (Nagy, 2018; Eurydice, 2023).

In the case of a 12-year grammar school, students stay at the same school for the rest of their
studies before university, while in the case of an 8-year grammar school, they attend a single
primary school for 4 years and then, after admission, they are admitted to a grammar school
where they continue their studies until they graduate. There are 6-year grammar schools, where
the first 6 years are a normal primary school year, after which they are admitted to a preparatory

year of language study, during which they study one foreign language for a larger number of
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hours, while the other subjects are levelled up. The school where | teach has 12-, 8- and 6-year
high school classes. Our school is a practising school, which means that our teacher training
students observe classes and do their practicum under the guidance of mentor teachers before

they graduate.

The operation of these types of schools is unified by state legislation, known as the National
Curriculum, currently the 2020 curriculum, which is being introduced in a progressive system.
According to this legislation, physics is taught from grade 7 to grade 10 for all pupils not
attending a vocational school. In the last two years of secondary school, students may choose
to continue their studies in physics as an optional subject. The faculties prepare students for the
upper secondary school-leaving certificate and for further study at university.

There are also alternative private schools, such as Montessori or Waldorf, which have their own

rules.

3. Presentation of project pedagogy and its relevance to teaching about the
environment

The school activities described below are project-based, and an important part of their design
IS to ensure that the educational process is one in which both community and individual
development are reflected. A fundamental part of the projects is the transfer of values, which,
in addition to the application and practice of the lessons learned, also means raising awareness

of environmental problems and possibility pf harm reduction.

As an educational strategy, project-based learning requires an activity-based model that goes
beyond the school setting, where learners are responsible for their own learning. The National
Curriculum of 2020 also emphasises the importance of problem-based thinking and sets as a

key objective that students should not only be passive recipients of learning, but also active
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participants and shapers. The curriculum combines the development of problem-solving
thinking with collaborative and creative teaching styles.

The local curriculum identifies as an important task the development of students' scientific
understanding, which includes critical interpretation of resources and active use of the concepts
learned (K. Radnoéti and F. M Adorjanné, 2013).

The main aim of the sample activities is to educate people to think and act in an environmentally
aware way, and to assess their own and others' responsibility for their environment and their
future. The local curricula recommend project-based methods, problem-based teaching or
experimental group work to increase pupils' motivation to work on environmental problems

and develop skills.

One of the main results of Gyorgy Polya's research was the development of a theory dealing
with the decision making process of problem solving (Gy. Polya, 1969). This research is the
basis of the PISA assessments, so it is not surprising that one of the main areas of focus in these
assessments is complex problem solving thinking itself. In his study in 2005, Bend Csapo
concluded from the results of the 2003 PISA surveys that problem solving as a skill is a key

teaching task for public education (B. Csapd, 2005).

In his book on the practice of environmental education, Janos Lehoczky (Lehoczky, 1999)
emphasises that the project method, collaborative learning techniques and out-of-school
activities help to develop environmental thinking. In Lehoczky's statement, it is mentioned that
the effectiveness of environmental education is enhanced by the experiences gained during the
learning process and that goal-oriented activities help to deepen the learning that supports the
use of project methods. As Maria Kovats-Németh writes in her article (Kovats-Németh, 2011),
the teacher's task is not only to transfer knowledge and point out connections, but also to
transmit values, standards and help to identify and solve problems. The importance of
developing responsible behaviour and the effectiveness of using the project method are also

highlighted in the Forest Pedagogy Project (Kovats-Németh and Foldes-Lesko, 2019).

The above considerations support the view that the projects presented below are appropriate to
the 21st century learning-teaching model and support the development of the skills that are a

priority today, and increase students' motivation and engagement in learning the subject.
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4. The role of environmental education in our daily lives and in education

In today's world, the 'monster of pollution’ is everywhere, perhaps too often (Dodds, 2011,
Marks et al., 2021). Environmental disasters are often highlighted in the media, but there is also
a growing emphasis on environmental protection and sustainability (Kajner et al., 2013). This
should be part of our everyday lives, as it was for our ancestors living with the environment for

centuries.

The accuracy of environmental ambition is demonstrated by the fact that 8 out of the 17 targets
in the 2030 Agenda for Sustainable Development include sustainability and the environment.
The goals include sustainable agriculture (Goal 2.), sustainable water management (Goal 6.)
and sustainable and modern energy access (Goal 7.), but there are also a number of goals that
include measures to protect the environment as a whole, such as Developing sustainable
consumption and production (Goal 12.), Taking urgent action to fight climate change and its
impacts (Goal 13.), and Sustainable development (Goal 16.). Conserve and sustainably use
oceans, seas and marine resources for sustainable development (Goal 14.) and Promote the
protection, restoration and sustainable use of terrestrial ecosystems, sustainable forest
management, combat desertification, halt and reverse land degradation and halt biodiversity
loss (Goal 15.). (General Assembly of United Nations, 2015)

Of course, today's examples are different: more and more packaging-free shops are opening or
plastic-free items are appearing in stores. For example, not everyone knows why we avoid food
containing palm oil and not everyone goes vegetarian to protect the environment, but
fortunately, ordinary people are increasingly finding ways to protect nature (see the problem of
reactive nitrogen ("Nr"): Horvath, 2010; Sutton et al., 2011; Westhoek et al., 2015). These
include, to take just one example, canvas bags in supermarkets, energy-saving electrical
appliances and selective waste bins in shopping malls and public areas. Several surveys by the
Hungarian Central Statistical Office (KSH) show that we have become more environmentally
conscious in the 2000s, for example, the reduction in electricity consumption and per capita
water consumption is partly due to this, alongside technological advances (KSH Environment
Picture, 2018).

Few are questioned the prominent role of environmental education and sustainability in public
education. After all, change is easier to achieve with the younger generation, whether by
teaching or by example. They can also educate and sensitise their own families to global

environmental issues. Initially, environmental education was included in classroom teaching,
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ethics and environmental studies in primary school, but now it is also included in the framework
of several subjects (NAT, 2012). The current National Curriculum of 2020 (NAT, 2020)
includes environmental protection and sustainability, but it still plays a minor role. The situation
is better in biology, geography, ethics and science (grades 5-6). It is striking that the subjects
concerned are still predominantly science, while mathematics and real sciences are not
mentioned in the NAT. Moreover, it is also apparent that chemistry and physics are not given
a prominent place in the context of dealing with environmental problems. In physics,
environmental sustainability is most prominent in the relationship between energy and the
environment in 8th grade, followed by a 12-hour block on the preservation of the integrity of
our environment at the end of 10th grade, which includes noise pollution, the role of the ozone

hole in our daily lives, the greenhouse effect and alternative, green energy production.

Environmental education is present in physics education but is not given a prominent role. Often
the problem is the reduced number of lessons. But we have to admit that even with this, there
is still a lot of potential for environmental education for students, as it does not have to be seen
as a separate subject. In many cases, assignments and projects can be given to students on this

topic that can be adapted to the specific subject area in the curriculum.

The key to assigning tasks and projects is to adapt them to the age and knowledge of the
students. That's why we thought that the most effective way to tackle global problems was to
tackle them in line with students' development. At the beginning, the younger age group will
only be introduced to problems related to their own environment, but over time, by grades 10-
11, they will have grown up to learn about global problems. Micro-scale is understood to mean
those phenomena that can be observed and measured in the students' immediate environment,
i.e. that allow direct measurements, so it takes part from 7th grade to 9th grade students
teaching. The meso-scale is slightly broader, covering a wider environment, allowing the search
for urban and regional problems and solutions. At the meso-scale, it is no longer necessarily
expected that measurements can be made, but rather that research and data collection can be
carried out on topics about which students are likely to have some knowledge. For example, the
majority of students have some knowledge of the country's energy production, of large power
plants, and this knowledge is expanded and refuted by acquiring scientific knowledge. This can
be use on 9th and 10th grade. In older ages we can use macro-scale studies. The macro-scale
part of the task involves complex systems about which they have little knowledge as a whole,

so the task for this domain is already concerned with analysing more extensive data. It can be
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seen that these scales not only involve spatial growth, but also the complexity of the tasks, thus
tracking students' skill development.

5. Project ideas for physics lessons

The following are some of the projects and project ideas underway. We will then discuss their

links to the National Curriculum.

In grades 7-8: "In line with the age phase, the processing of the curriculum is phenomenon-
oriented, i.e. it is based on some tangible, observable, experienceable phenomenon. The choice
of topics is practice-oriented and the aim of each topic is always to acquire practical knowledge
that is useful in everyday life." (NAT, 2020). In line with this, students learn about
environmental problems in their own local environment through measurements and

experiments.

Grades 9-10: "The aim is to strike a balance between problem-focused, practical and
knowledge-based learning in order to maintain motivation and to enable all students to learn
effectively, creating the opportunity for students to become logical thinkers, adults who
understand the interconnectedness of the world and are ready to make responsible choices."
(NAT, 2020). In grade 9, they deal mostly with meso-scale environmental problems, and then,

broadening this, they move on to some global problems in grade 10.

In grade 11: Physics is only optional, where the primary aim is to prepare for advanced level
and further education. At this point, the aim is typically to understand more complex problems,
so environmental problems pop up from time to time. In Hungary, the exam from any kind of
science is not obligatory, but students can choose it as a final exam’s subject. In Hungarian
education system, students choose subjects in their 10" grade, from which they will learn on an
advanced level and they would like to take advanced final exam. For those who do not take
science as an optional subject, the 2020 NAT will provide complex science at this level. The
aim of this subject is to familiarise students with environmental problems and human
responsibility in their development. The main title of the subject is Man and the Environment,
within the following major units headings appear: "Get to know the nature™; "Human activity
in shaping the environment”; "Raw materials, energy sources™; "Changing climate";
"Biodiversity"; "Environment and health; "Our cosmic environment™ and "Visions for the
future” (NAT 2020, A-level physics exam assessments (2020)).
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In the next section, we will present some of the projects that the students have done in physics
class, which are age-appropriate and in any case develop competences related to research,
engineering and precision measurements. The projects are open-ended in their initiation and
design, as described in the 2020" American Institute of Physics Conference publication of
Voros (Voros, 2020), so teacher reflection and academic supplementation are important parts
of the project in addition to student reflections.

5.1. Example projects

Gread 7 - Measurement

The introduction to science starts with units of measurement. In physics, this means the Sl
system of units. So we are also introduced to temperature as a quantity. The following exercise
is a good opportunity to learn about the specificity of the age group and to introduce a scientific,
experimental approach. It could be a classroom measurement if the school's local conditions
are suitable (there is a busy road and a large wooded park). But it could also be given as

homework / homework assignment. As a homework assignment it is set for groups of two.

Task assignment: one member of the pair should take temperatures at the busy concrete road
and the other at the wooded area, twice a day, at the same time, for a week. (The map of the
measurement can be seen on the Figure 2.) The pairs should make a separate diagram of the
measurements and evaluate the results. What similarities and differences can be observed?

What could cause any differences?

Advice for the measurement: as the measurement was carried out in early autumn, the sun is
already up when you arrive at school in the morning, so it is a good idea to take one
measurement then and the other after school.

The aim of the project is to give students an idea of the environmental impact that the lack of
green spaces can have on our daily lives. It also shows that urban sprawl and car traffic increase

temperatures locally.

Experience: the difference between built-up and green areas can be measured with a simple
shaded liquid thermometer. The measurement is not burdensome, takes little time and the
students spent on average half an hour analysing the data. Discussing the measured results took
between half an hour and an hour, depending on whether the students had included global

warming in their lesson. In the discussion, it was important to focus on the preservation of green
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spaces. If the group brings up car traffic as a factor, then public transport can also be targeted

to reduce local temperatures.

The results of the measurements were basically shocking to the students, mainly because in
autumn the difference of a few degrees is not as noticeable as in the summer heat, but several
of them noted that the temperature difference between green and built-up areas is already
noticeable in summer. The measurement took place between 7th and 11th of November 2022.
The Figure 1. also shows the daily warming and the difference between the temperatures in the
wooded (City Park Sunbathing Area — Varosligeti Napozorét) and the built-up, busy (East
Railway Station — Keleti Palyaudvar) areas.

DIFFERENCE BETWEEN THE MEASURED

TEMPERATURES
8 —_— 18 / ¥ 18
< 16 T
] 7 ! — T 17—
GE, 5
|_
Monday Tuesday Wednesday Thursday Friday
Days
— —East Railway Station about 14.00 — —East Railway Station about 7.30
City Park about 14.00 — —City Park about 7.30

Figure 1.: Chart showing students' measurement results
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Figure 2.: Top Left: The map of Hungary; Bottom Left: The map of Budapest; The white
circles point the zooming part of the map; Right: The map of school area, red dot: Central

Park, black dot: East Railway Station; These maps were made by Google Maps

Grade 8 — Example for calculation

With a better foundation in mathematics, they are expected to be able to solve simple equations,
so it is really from 8" grade that they are expected to solve numerical examples.

How long does it take for the dust from the volcano in Iceland to reach us? Assume that the
dust spreads uniformly at a speed of 108 km/h (Richards-Thomas and McKenna-Neuman,

2020). The distance between the volcano and Budapest is about 3000 km.

The calculus example is not particularly more difficult than the general examples we solve in
class. It is also advantageous because its longer wording will help you prepare for the later
mathematics and physics exams, which also have a longer wording. Solving the problem did
not cause any problems for the students and allowed room for discussion. We discussed why it
is difficult to make such forecasts and what makes the work of meteorologists difficult.
Simplifications can be a big focus at the beginning of physics studies, since we are basically
talking about mass point kinematics and also mass point dynamics. We solve a lot of examples
in these subjects where models and neglect are important, so they didn't encounter modelling
in this exercise, so they were not particularly bothered by these approximations. The results can

also be compared with real data, which shows that the models do help to describe reality The
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2018 volcanic eruption resulted in the closure of Europe's entire airspace due to the dust plume,
while smaller eruptions do not allow dust to reach the country's airspace, e.g. the 2011 eruption
dust plume did not reach us (Eyjafjallajokull, 2010; ESA: Satellites monitor Icelandic ash
plume, 2011)

Grade 9 - Think about it!

At this stage, it is possible to give slightly more complex tasks, as students have more advanced
abstraction skills and two years of science knowledge. So, we dare to dive into thermodynamics,

especially calorimetry and thermal expansion.

The media often claim that melting icebergs are causing ocean levels to rise. If a 1000 m3
iceberg that has been floating on the water melts, how much will the water level rise? In our
case, could it mean that melting ice alone is causing the rise in water levels? Think, what else
could be causing it? Do the math! Try it on your own first, if you really can't do it, check out
the help in the QR code below.

Figure 3.: QR code linked to the help

The experience of the exercise is that in the counting part of the exercise, students omit the
change in volume between ice and water from the count. The completion of the counting task
is also not part of the base examples, so they had to think a bit to calculate the increase in water
level due to the melting of ice. And from the many data sets on the internet, not everyone found
the same data on water level rise, but it became clear to everyone that it was not just melting
ice that was causing the water level rise. 3 out of 18 students cleverly thought that melting land
ice could have a more significant effect on water level rise than melting floating ice. Of course,
we discussed, that the ice sheet floating on water has no effect to the see level, even when they
melt. Finally, we also used data from the Greendex (Csaba, 2021) site to see how much sea
level rise there has been in the last 50 years, and what proportion of this could have been due

to rising temperatures.
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Grade 10 - Look it up, write an essay.

We now give students a much freer rein. The task is less bounded than before and requires
research. Its relevance for this age group is that someone who is not interested in physics may
be interested in this everyday topic, which also shows how our everyday choices can influence
global processes. The following complex task is inspired by the 16th assessment of the A-level
physics exam (A-level physics exam assessments, 2020).

N
Projekt of light bulb’s type Yk
N

-

/

What types of light bulbs have  Considerations for light bulb

been written about? choice
LED - Pr:]:;:ltelon
light e — Lifetime
bulb light
bulb .. Performance
Efficiency
Tungsten
filament
light bulb :
Compact Colou.r rendering Environment
light bulb M 53 al impact

Price

"Colour temperature”

Figure 4. Summary of the light bulb project

Find out which light bulb to use in which room! Think about what might influence this? (E.qg.:
How often do we turn on the light?) We often hear how much energy and money we save by
using an energy-saving light bulb (Kelly 2016; Obi, 2016; Lumenet, 2023,). If everyone used
energy-saving light bulbs, how much energy would be saved? Write down the approximations
you use and the order of magnitude of the energy thus obtained (e.g. household energy, city
energy, power plant energy). Do we really save energy in all cases with energy-saving bulbs?
Draw up a summary of the different types of light bulbs on the market based on the previous
questions and include: Which room should I use it in? How much energy can it save per year?

How much money does it cost? The expected length is at least one A4 page.

The calculations show that the energy-saving light bulb is actually better value for money than
the conventional bulb. To do this, they needed to know their lifetime comparison, efficiency

and wattage, which they had researched themselves. It can be seen from the submissions that
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they looked at the four major types of light bulbs (Figure 4.) in general and examined at least
4 or 5 different aspects of which bulb is best for which room.

The decision can be influenced by a number of factors, as mentioned earlier.

Some examples of practicality. There are some areas where there are local light sources where
there is a need for local lighting. More uniform lighting is needed in classrooms or workplaces.
In the street, you need diffused light and, to minimise light pollution, you need lamps that throw
little light into the sky. In the theatre, coherent, parallel, focused but bright spotlights are used.
In the cinema, they aim to light only the screen. Vehicles must be clearly visible, so small but

powerful light sources are used.

Incandescent lamps are not economical at all, because they produce 95% heat and only 5%
light. Fluorescent lamps are more economical, but the light from conventional fluorescent
lamps flickers quickly, which is not healthy. The compact (energy-saving) lamp is cheap to run,
but it should only be used where it is left on for long periods of time because it is slow to reach
full brightness. LED bulbs are pleasant and economical, but are more expensive than other

options today. It is clear that the choice of light sources requires careful consideration.

What is the best choice depends on where you put it:

- If the operating time is low (e.g. toilet, pantry), a halogen bulb is the best because it is
the cheapest. And the higher consumption is less of a problem, as it lights up less.

- If the operating time is higher (e.g. living room), a compact fluorescent or LED is
recommended.

- Inaroom where the lamp is frequently switched on and off, a compact fluorescent lamp
is not recommended because it will break down quickly. Halogen or LED lamps are
recommended.

- If the light source is to be placed in a reading lamp, a halogen bulb or LED is also
recommended. Not that there is anything wrong with the light from a compact
fluorescent tube. It doesn't flicker, it gives a steady, excellent light. The problem is that
it emits a lot of electromagnetic radiation within about half a metre.

- Pay attention to the colour temperature! For daylight, choose a warm (yellowish) light
for the bedroom. Warm light improves comfort and helps you relax. Cold light is not
suitable for living rooms. The situation is different in the kitchen and bathroom. Here,
cold (white) light is more suitable, it increases the feeling of cleanliness. On the product
box you will find a three-digit number, which is the colour code. The warmest light is
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825. 825, 827 and 830 are for living rooms, 835 and 840 for kitchens and bathrooms.
865 is a cold light and should never be taken home.

This project also showed that they could be expected to analyse a wide range of data. For
example: i) using and analysing data from the Hungarian Meteorological Service (HMS, in

Hungarian OMSZ), or ii) extracting some regularity from data from other large databases.

Brightness is also important from another point of view, namely the radiation from the sun.
Let's look at another example activity that deals with the relationship between light intensity

and the amount of air pollutants.

An example activity: Use your phone to measure the light intensity (example apps: Physics
Toolbox, Hukseflux Pyranometer) at least three times every day (for a week). Make sure that
the measurements are taken in the open air, preferably from the same angle and from the same
angle of inclination of the phone. Try to spread the measurements over 3 parts of the day
(morning, early afternoon, early evening - when the sun is still shining) and take them at about
the same time on different days. Compare what you find interesting between the measurements
taken at different times! Then find the nearest meteorological station that measures air quality
where you live and try to find a relationship between the change in air composition and the
change in light intensity (Lee et al. 2010; Zhang et al. 2020; Yang et. al., 2022; Air Quality,
2023). If you find a link, also look for how the change in the air component can be linked to
human activity. If you cannot find a relationship between your own measurements and the data
series, try to justify why! Record your measurements and conclusions in a report. The project
was inspired by measurements in heavily polluted air in major Chinese cities (Yang et al., 2022)
and Seoul (Lee et al., 2010), which showed that polluted air affects light intensity.

The new types of mobile phones all have a light intensity sensor, which allows the device to
automatically set the right brightness level. That's why most mobile phones have the sensor on
the front-facing camera, but it's worth checking which camera'’s data the device uses to measure
light intensity before taking a measurement. The project required students to plan the
measurement themselves, allocate their time and find the right data, so a high level of autonomy
was needed to complete the task. They developed their research, analytical and mathematical
skills, while looking for relationships between complex and diverse data. Although the task
required a lot of discourse, it was useful to get an insight into the complex processes,
instruments and measurements involved in air quality measurements. The use of mobile devices

for measurements in the classroom is a motivating factor for students. There are several articles
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and websites that deal with the use of mobile devices in the classroom (FizziQ; Science and
technology - Physics with Phones; Monteiro and Marti, 2022)

The children gave positive feedback on these activities, saying that they "took them out of
physics lessons” and did not expect them to do the usual tasks. What is even more interesting
is the feedback received for the grade 10 activity, where the student experienced that he "could
do something about energy waste, something that did not involve a complete change of
lifestyle™. The 10th project, mentioned second, showed many interesting things, such as the
difference in air quality between the city centre and the suburbs, although not all of them found
a link between light intensity and air pollution. But there were very nice summary diagrams
that we could compare and draw common conclusions. The following are the measurement
results of one student (Gyorgy Czvikovszky) (Figure 6.)
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Figure 5. On the map of Budapest, turquoise dots indicate the air quality monitoring stations
whose data were used for the project, red X indicates the measurement locations

(The map is from Hungarian air quality: https://legszennyezettseg.met.hu/levegominoseg )
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Figure 6. Diagrams made by the student from his own measurement results. Blue bar is A

place of light meter, red bar is B place light meter, App: Physics Toolbox, green graph is the

concentration of the substance
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The measurements took place between 3 and 7 May 2022, using a telephone light intensity
meter at two locations. Location A is an open wall window at a height of about 1 m from the
ground, while location B is a garden table, also about 1 m from the ground in the same place
(See Measurement location on the figure 5.). With this set-up, the light rays at both locations
were perpendicular to the phone. At the measurement place, the sun was visible all the time
during the measurement. The discrepancy between the results measured at the two locations is
a measurement of the direct light rays and the light rays entering the room. During the
measurement period, rain was only present in the afternoon of the first day, while clouds were
typical at the measurement times. But the results of this day are not shown in the diagrams
produced.

The air quality data were obtained by averaging the data from the two nearest stations to the
measurement point (Figure 6.). There are 13 air quality monitoring stations in Budapest, and
the National Meteorological Service provides data every 60 minutes (Air quality, 2023). The
stations measure the presence of various substances that are most likely to characterise air
pollution, such as carbon monoxide, nitrogen oxide, nitrogen dioxide, ground-level ozone,
PM10!, PM2.52, sulphur oxide and benzene. (Air quality, 2023)

We were also able to determine the air quality on a given day from the measuring stations. The
following table will help you with this discussion (Figure 7.)

Concentration of pollutants (%)
Good Moderate | Unhealthy | Unhealthy Very Hazardous
for unhealthy
sensitive
groups

Benzene 0-4 4-8 8-10 10-20 20-30 30-50
CoO 0-4.000 4.000 - 8.000 — 10.000 — 20.000 — 30.000 —

8.000 10.000 20.000 30.000 50.000
PMzs 0-10 10-20 20-25 25 -50 50-75 75 -800

1 Particles of dust that are less than 10 micrometres in diameter.
2 Particles of dust that are less than 2.5 micrometres in diameter.
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PM1o 0-20 20-40 40 -50 50-100 | 100-150 150 —
1.200

NO: 0-40 40 -90 90-120 | 120-230 | 230-340 340 —
1.000

O3 0-50 50 - 100 100-130 |[130-240 |240-380 | 380-800

SO2 0-100 100-200 | 200-350 |350-500 |500-750 |750 -

1.250

Figure 6. Concentration of pollutants (fn—‘gs) Data came from the Hungarian National

Meteorological Service (Orszagos Meteorologiai Szolgalat)

(https://legszennyezettseg.met.hu/levegominoseg/informacio/aq-index-tajekoztato )

The student was only able to prognose a correlation with dust, i.e. the higher the dust
concentration, the lower the light intensity.

The aim of the project is not primarily to find the actual, complex relationship between air
pollutant particles and mobile measurable light intensity, but to think about what influences
measurable light intensity. This was the main theme of the assessment discussion after the
handing in of the protocols, to recognise the complexity of atmospheric processes. It was also
emphasised that possible relationships that were discovered in the measurements could be due
to other factors that had not been taken into account. This illustrates the difficulties of scientific

understanding.

An important contribution of the project is to link optics with modern physics. The
measurement is based on the logic of how light is scattered by polluting particles in the
atmosphere. In this way, the physics of light scattering can be transferred from the similarities

of the Rutherford experiment to atomic physics.

6. Final thoughts and assessments

Projects with students showed that student motivation increased significantly compared to the
beginning of the project. However, as well as increasing their knowledge of physics, the older

students were able to experience a system of scientific measurement and reasoning. The
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younger age groups were able to gain insights into the use of physics knowledge at its frontiers
through guided experimentation and thematic exercises. Tasks thematically addressed regional

and global natural problems, providing a good opportunity to develop natural awareness.

The projects are a good stimulus for reflection, but beyond their completion, it is important to
support the teachers in their work, motivate students to complete the tasks and then evaluate
them reflectively. The tasks are designed to provide a good opportunity for nature education
and the development of naturalistic thinking. Depending on the context, they can be used to

raise awareness of global environmental issues.

As a result of the projects, students could experience that built-up areas increase temperatures,
gain a deeper insight into the understanding of sea level rise through a numerical example. They
also explored the complexity of the spread of air pollution and did research by comparing light
bulbs. And a discursive discussion of the projects gave space to environmental education from
a scientific perspective. Projects are evaluated through formative evaluation, which is used to
help, correct and reinforce during the process, and a final summative evaluation, which is a
rating against the objectives set. The importance of this aspect of assessment is increasingly
recognised in education and its use supports the overall workflow of student. (Nicol and
Macfarlane-Dick, 2006; Theall and Franklin, 2010; Trumbull and Lash, 2013).
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