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Abstract: This study presents results from the IUPAC Teacher Survey on Practical Activities in Hungary. In this
article, we focus on issues related to the frequency of use of green and sustainable chemistry experiments, what
promotes their use and what barriers inhibit it. The sample had a size of 169, representing ∼5 % of Hungarian
chemistry teachers. Themajority of participants had a bachelor’s or master’s degree andwere experienced. Most
of them reported using hands-on activities in their work once a month or a few times a year, which was less
frequent than the global average, and they also used green and sustainable chemistry experiments less frequently
than the global average. The most frequently reported barriers were lack of time and lack of laboratory equip-
ment and chemicals, similarly to the European results. Other barriers mentioned were fear of accidents and
overcrowded classrooms. Critical thinking and problem-solving skills were reported as the main reasons for
choosing GSC activities, while their connection with local environmental issues was considered less important by
the respondents. These results will help us to improve our teacher training andmodify its priorities to encourage
high school chemistry teachers to use more experiments in their practice.
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1 Introduction

This study is about the Hungarian results of IUPAC Teacher Survey on Practical Activities (Project No.: 2023-002-2-
050). In this project, the term “practical activity” means “any chemical reaction, experiment or demonstration
performed in the classroom or laboratory by students or a teacher”.1 Practical activities are useful tools in
chemistry education, and can be applied for different pedagogical purposes, although their use is sometimes
questioned.2,3 Nonetheless, studies show that both knowledge and attitude towards chemistry can be influenced
in a positive way with practical activities.4,5

There has been research on the “best practice” in laboratory work in secondary chemistry education, which
has been shown to be guided research.6 However, no data is available on how often, with what content and for
what reasons teachers choose practical activities. One of the aims of the survey is to explore this.1

Besides, there are some barriers to the widespread use of practical activities in schools, especially in the case
of inquiry-based learning, since teachers need knowledge, skills and resources to be able to use practical activities
effectively in their everyday work.7 Thus, both pre-service and in-service teachers need training to enhance their
competencies.8 It should be emphasized that resources heremean not only teachingmaterials but also laboratory
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equipment and reagents.9 Thus, the other goal of this project is to reduce these barriers by collecting good
practices and offering activities requiring few resources.1

2 Literature review

2.1 Green chemistry

The world’s first green chemistry program, the Alternative Synthetic Pathways Grant Program, was launched in
1991 by the US Environmental Protection Agency (EPA). In Europe, the first green chemistry program was
launched in 1993 in Venice by 30 universities. The rapid expansion of this area of chemistry is also driven by the
realization that environmentally and health-friendly products and technologies are the most cost-effective in the
long term.10

Anastas and Warner11 summarize the objectives of this area of chemistry in 12 points, which are mainly
focused on reducing or eliminating the production and use of substances that are hazardous to the environment.
This list is also available in Hungarian,10 and a link to themwas sharedwith the teachers involved in this research
to help them answer the questionnaires properly.

2.2 Sustainable chemistry

Themost cited definition of sustainable development comes from the 1987 UN report “Our Common Future”. This
states that sustainable development “meets the needs of the present without compromising the ability of future
generations to meet their own needs.”12 Thus, we can say that “sustainable chemistry should use resources,
including energy, at a rate at which they can be replaced naturally, and the generation of waste cannot be faster
than the rate of their remediation.”13

However, this is a complex issue, which is why 17 Sustainable Development Goals (SDGs) were set at the 2015
UN Summit, with a further 169 sub-goals.14,15 Therefore, sustainable chemistry can be understood as chemistry
that addresses SDGs.

We should underline that green chemistry and sustainable chemistry are two different concepts, something
can be green but not sustainable, or sustainable but not green.13 Hence, this project uses the concept of green and
sustainable chemistry (GSC), which “refers to chemistry, that satisfies the principles of green chemistry along
with the SDGs”1 Since GSC can offer solutions to many global environmental problems, its integration into
education is crucial, as well-trained people are needed to develop and implement innovations: chemists, workers,
policy makers and citizens.16

2.3 Green and sustainable chemistry in Hungarian education system

Recognizing the importance of the GSC, several countries have already integrated its principles into their
curricula.17 Sustainability education was already linked to chemistry in the first Hungarian curriculum in
1995,18 and it remains so in the current 2020 curriculum. On the one hand, the current curriculum declares the
students’ commitment to sustainability as an educational goal, on the other hand, it states that without a solid
knowledge of chemistry, our lives cannot become sustainable. The 2012 curriculum prescribed the teaching of
the efforts, importance and principles of green chemistry,19 nevertheless the current curriculum onlymentions
it implicitly when referring to the chemical aspects of global problems, giving the production of newmaterials
as an example.20
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Not only the curriculum requirements emphasize the importance of environmental education, but teachers
must also demonstrate competence in environmental education in order to progress in the Hungarian Teacher
Qualification System.21 Therefore, green and sustainable chemistry are parts of the requirements for teacher
training in Hungary,22 and since one of the authors of this article is involved in preparing the country’s future
training and graduation requirements, we can share that the plan is to increase their weight from four to six
credits.

In connectionwith this IUPACproject, we should also highlighting that theHungarian curriculumencourages
teachers to teach chemistry through easy-to-do experiments.20 Nevertheless, there is also a research gap at
international level regarding teachers’ use of GSC practical activities.1

Due to the space limitations of a paper, we can only address some questions from the survey. In this article,
the focus is on the questions of the survey related to the frequency of use of green and sustainable chemistry
experiments, what helps and what barriers prevent their use.

3 Sample and methods

This paper analyses the responses in Hungary to the first four pages of the questionnaire presented by Delaney
et al.1 This survey was mainly based on an article by Abrams and Millar.23 It started with an introductory page
describing the project and asking for an indication of willingness to participate. The first page contained de-
mographic questions, the second page had questions about practical activities in general, the third page asked
about GSC practical activities, and the fourth page had open-ended questions about exactly what GSC practical
activities teachers use in their work.

This paper compares the resultswith the snapshot of the international survey presented at 16th ECRICE.24 The
questionnaire has been shared on the largest chemistry teacher Facebook group in Hungary and has also been
sent via email to chemistry teachers in their schools through the school governor. A total of 172 teachers opened
the questionnaire, three of them did not agree to participate in the survey, making a final sample size of N = 169.
This is roughly 5 % of the Hungarian chemistry teachers, as there were 3,588 in 2022, and their number is slowly
decreasing.25

The highest level of educationwas a bachelor’s degree (or equivalent) for 41, amaster’s degree (or equivalent)
for 123 and a doctorate for five participants. 153 of them had chemistry teacher training, the others did not,
however, there is a chemistry-related subject called ‘natural science’ in Hungary, whichwas also part of the scope
of this research. As shown in Table 1, majority of the respondents were experienced chemistry teachers.

Table : Participants’ educational experience.

Experience as a teacher Experience as a chemistry teacher

Count Percentage (%) Count Percentage (%)

First year of teaching  .  .
– years  .  .
– years  .  .
– years  .  .
More than  years  .  .
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4 Results

4.1 Descriptive statistics

Teachers were asked to rate the frequency of the different activities on a Likert scale (5 = never, 4 = few times per
year, 3 = once per month, 2 = once per week, 1 = more than once per week). Table 2 shows that participants use
practical activities the least frequently; in fact, 11.8 % stated that they never use such activities in their work.

Teacher demonstrations are performed significantly more often, with only one respondent stating that they
never demonstrate such experiments. Videos of chemistry experiments are used with similar frequency, with
only three participants marking the “never” option in this case.

Figure 1 shows that among the barriers that prevent teachers fromusing practical activitiesmore often in the
classroom, the lack of time in class received the highest number of marks, while the lack of laboratory equipment
and chemicals was the second most common and the lack of time to prepare experiments outside class was the
third. Knowledge of appropriate experiments was the least mentioned.

On average, 29 % of Hungarian respondents’ chemistry experiments are related to the field of GSC, with a
median = 22 %, a lower quartile of 14 % and an upper quartile of 40 %. Teachers were asked to rate on a Likert
scale how important various factors were to themwhen choosing a GSC practical activity (0 = not at all important,
3 = moderately important, 5 = very important), the descriptive statistics are provided in Table 3. Respondents
considered the least important aspect to be that the experiments should be clearly linked to a local environmental
problem; the other factors received similar ratings. GSC experiments being more interesting for students and
practical activities as a way of introducing GSC were the same, while the development of critical thinking and
problem-solving skills were ranked as the most important.

Table : Frequency of different activities in teaching practice ( = never,  = few times per year,  = once per month,
 = once per week,  = more than once per week).

Frequency of… Mean Mode(s)

Practical activities . 

Teacher demonstration . 

Video of chemistry experiments .  and 

Figure 1: Frequency of barriers to
more frequent use of practical
activities in teachers’ responses.
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4.2 Statistical tests26,27

Mann-Whitney U tests were calculated to gain a better understanding of the effect of time on activity selection, as
this seemed to be the most important issue for our respondents, but we limited our analysis to the three most
common activities (practical activity, teacher demonstration, or video experiment). This was possible because the
questionnaire covered three different aspects of the time factor. Table 4 shows that therewas only one significant
difference: teachers who indicated the barrier of “not enough class time” used significantly fewer practical
activities in their work.

Additionally, Kendall’s Τ coefficient were calculated to analyze the correlation between the usage frequency
of different activity types. Only one significant result was found, which indicated that teachers who used more
teacher demonstrations applied more practical activities, too, as Table 5 shows.

No significant correlation was found between the number of years of teaching or chemistry teaching
experience and the frequency with which practical activities, demonstrations or video experiments are used in
teaching or the proportion of experiments related to GSC (see Table 6). There was also no significant difference

Table : The importance of various factors in selecting GSC practical activities.

Factor Mean Median Mode

The practical activity is clearly linked to local environmental issues .  

Students find green chemistry and sustainability issues and topics engaging .  

Practicals are a way to introduce green chemistry and sustainability through a hands-on activity .  

Students have opportunities to develop critical thinking and problem-solving skills related to green and sustainable
chemistry

.  

Table : Results of Mann-Whitney U test.

Not enough time in
class

Not enough time outside of class to
prepare

Lack of class time in a school
laboratory

Frequency of practical activities U = ,, p < . U = , p = . U = ,, p = .
Frequency of teacher
demonstrations

U = ,, p = . U = , p = . U = ,, p = .

Frequency of video experiments U = ,, p = . U = ,, p = . U = ,, p = .

Table : Correlation between the usage frequency of different activity types.

Kendall’s Τ coefficient

Frequency of practical activities and teacher demonstrations ., p < .
Frequency of practical activities and video experiments −., p = .
Frequency of teacher demonstrations and video experiments −., p = .

Table : Correlation between teaching experience and usage of different types of activities based on Kendall’s Τ coefficient.

Teaching experience Chemistry teaching experience

Frequency of practical activities Τ = −., p = . Τ = ., p = .
Frequency of teacher demonstrations Τ = −., p = . Τ = −., p = .
Frequency of video experiments Τ = ., p = . Τ = ., p = .
Proportion of GSC related experiments Τ = ., p = . Τ = −., p = .
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between the highest level of degree and the frequency of use of different activities (see Table 7). Teachers with a
PhD were excluded due to the small sample size.

4.3 Open ended questions about usage of practical activities

The open-ended questions were analyzed simply, with responses that were identical or very similar being
grouped into a single category. The categorization was carried out by two researchers, who then compared the
resulting categories and corrected them in case of major differences, resulting in the following reliability
coefficients (km,Q9 = 0.71, km,Q10 = 0.8, km,Q16 = 0.8), these values are above 0.6, so they are acceptable.28,29 The
following sections will focus on those categories that were not included in the quantitative questionnaire.

4.3.1 Aspects for the selection of practical activities

Hungarian teachers mentioned seven additional factors when asked what they consider when selecting practical
activities. Several responsesmentioned the use of everydaymaterials that are easily accessible, one teacherwrote
“budget, easily available, everyday materials”. Besides, the simplicity of practical activities was also common, a
response was that experiments “should be easy to prepare”. Some highlighted the aspect of making the experi-
ment spectacular and motivating, while someone also wrote that it should be thought-provoking, as one
respondent wrote practical activities should be “(…) thought-provoking, cause and effect chains should be
deducible”. Our respondents emphasized that students’ individual properties, e.g. age and fields of their interest
an important factor, too. One of the teachers wrote they consider “broadening students’ fields of interest,
presenting interesting facts, personal preferences of the students, if there are any”.

Less common responses were the aspect of developing green skills, or choosing experiments required for
graduation, or even choosing experiments that students could design themselves, in this way enhancing their
creativity.

4.3.2 Other barriers to more frequent use of experiments

The most frequently mentioned factor was fear of accidents caused by students, although one teacher reported
using household chemicals in his student experiments because their students could not follow the rules. In
addition, overcrowded classes were also mentioned, and teachers who are beginners in chemistry (maximum 5
years of experience) also had concerns about experiments.

There was also a misconception among the responses, one teacher a teacher with 30 years of chemistry
teaching experience and a bachelor degree described the lack of students’motivation for chemistry as a reason
for not doing more practical activities, however Rogers and Fraser found that a demonstration every two weeks
enhanced it.30 Moreover, a paradoxwas found, this teacher claimed that chemistry is too theoretical for students,
this is what prevents them from doing more practical activities.

Table : Differences in usage frequency among various activities according to level of degree.

Mann-Whitney U test

Frequency of practical activities U = ,, p = .
Frequency of teacher demonstrations U = ,, p = .
Frequency of video experiments U = ,, p = .
Proportion of GSC related experiments U = ,, p = .
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4.3.3 Barriers and resources in relation to more frequent GSC practical activities

The most frequent responses are basically the same as those obtained in the quantitative survey. However, one
answer related to the time issues pointed out that GSC practical activities are often longer than 45 min, so more
flexibility in timetables may be needed, too.

Furthermore, several teachers wrote about the importance of self-development. Some said that a profes-
sional forum would be a great help, others mentioned the usefulness of a collection of GSC experiments. One
teacher’s response briefly summarizes some of the categories described above: ‘vocational training, practical
books, workbooks’.

4.3.4 Further comments on practical activities or GSC in chemistry education

On this question, the majority of teachers repeated what they had said before, so we will only focus on the few
comments that contain novelty.

Some teachers underlined the importance and usefulness of this topic not only for environmental protection
but also for chemistry education. Namely, practical activities can be proposed that require less chemicals, use
everyday materials and are therefore inexpensive. In addition, it can help to engage students, as they can
understand chemistry concepts while learning about how they can be “saviors of the planet”, as one participant
has written.

For this reason, one teacher suggested that the curriculum could be strengthened by reducing the number of
numeracy tasks. Nevertheless, a counterargument was made that GSC is already so strongly represented in the
curriculum that it is a barrier to learning basic chemical concepts in sufficient depth.

5 Discussion

5.1 Comparison with international data

The statistical analysis of the Hungarian results can be seen in a bigger picture compared to the snapshots
presented at 16th ECRICE. 24

According to teachers’ responses, the global average frequency of student practical activities in chemistry
lessons was once per month in September of 2024, while in Hungary the average responses indicate a slightly
lower frequency, with a mode value of a few times per year. However, teacher demonstrations and experiments
shown on videos are slightly more frequent. The proportion of teachers who chose the “never” option showed
similar differences, with 6.3 % internationally and 11.8 % inHungary in the case of student experiments, 6.1 % and
0.8 % respectively in the case of teacher demonstrations and 7.0 % and 2.3 % respectively in the case of video of
chemical experiments.

TheHungarian data showa pattern parallel to European snapshots in terms ofwhy chemistry teachers do not
use more experiments in the classroom. The order of frequency of the factors was almost identical, with lack of
time, laboratory equipment and curricular issues being the main factors marked, with the only difference being
that in Europe, lack of confidence in handling chemicals was ranked last. Let us remember that these are the
problems that have been identified in literature.

In Hungary, we found that teachers who identified lack of teaching time as the main barrier to practical
activities used significantly fewer student experiments than thosewho did not consider this a barrier. At the same
time, the number of practical activities showed a positive correlationwith the number of teacher demonstrations,
so we did not find what we expected before performing the calculations, namely that respondents replaced
student experiments with teacher demonstrations due to lack of time. Nevertheless, we still believe that time is
the key factor behind the phenomenon that teacher demonstrations are more common than practical activities.

It is also worth pondering the teacher’s comment on the use of householdmaterials to avoid accidents during
student experiments. This parallels the intents of green chemistry to use less hazardous chemicals. Experiments
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in thefield of green chemistry can also help teacherswho fear possible accidents to usemore practical activities in
their work.

Figure 2 shows that Hungarian respondents use a lower proportion of GSC experiments than the European
average (meanEU = 34, meanHU = 29, medEU = 30, medHU = 22), but the quartile is smaller than the European range
(intEU = 10–50, intHU = 14–40), so the sample was more homogeneous. There was only one notable difference
between the Hungarian and European scores on the choice criteria of the GSC experiments, with an average of 3.6
for the importance of local issues in Europe, compared to 3.1 in Hungary. Therefore, an important question for
further research is whether the fact that Hungarian chemistry teachers have rated local environmental issues as
less important in their choice of GSC activities is not a reason for the fact that they use fewer experiments of this
kind in their work.

At the same time, the homogeneity of the Hungarian responses also meant that statistical tests did not reveal
any significant differences between groups with different levels of experience. This might suggest that more
experienced teachers also trained themselves in the field of GSC, as younger teachers studied these topics at
university.

5.2 Limitation

Around 5 % of chemistry teachers in Hungary responded to the questionnaire, which is a good ratio. However,
convenience sampling was used, so the sample cannot be considered representative, which limits our results.
Furthermore, the population pyramid is top-heavy, whichmay explain why no statistical calculations have led to
significant results.

6 Conclusions

As teacher trainers, we have some tasks to do in relation to the difficulties of the novice teachers and the
experienced teachers’ desire for self-development. We need to help novice teachers to increase their confidence
to usemore practical activities in their work, as themost common response for open ended questions was related
to fear of accidents and being a novice in teaching chemistry. In the context of this project, it is worthmentioning
that green chemistry experiments can also address these worries, as it aims to use less hazardous chemicals.

We should also organize professional forums and training courses for more experienced teachers, who
responded that this would be of great help to them. They also mentioned the usefulness of a collection of
experiments, which is one of the aims of this IUPAC project.

Figure 2: Comparison of the
percentage of experiments
related to GSC.
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Besides, some of our participants have not seen the usefulness of practical activities in thefield ofmotivation.
However, the literature says even one teacher’s demonstration every two weeks has significant impact, but some
of our respondents disbelieve, thus we should educate them and somehow show them the power of practical
activities.

Finally, attitude-formation work is also needed, as respondents in Hungary did not consider linking ex-
periments to a local environmental issue as important as the European average, although the snapshot data from
Asia suggests that such experiments can better engage students, as Asian teachers responded that it is important
to consider local issueswhen choosing GSC activities, and that such kind of activities aremotivating for students.24

The opportunity to work with in-service teachers and to create a professional forum is provided by our regular
summer in-service teacher training, which we plan to enhance based on these results.
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