§ sciendo

DOI: 10.2478/cdem-2020-0006 CHEM DIDACT ECOL METRQ020;25(1-2):93-100

Martin RUSEK, Kategina CHROUSTOVA, Martin BILEK?, Petr A. SRREHOT?
and Zdesk HON?

CONDITIONS FOR EXPERIMENTAL ACTIVITIES
AT ELEMENTARY AND HIGH SCHOOLS
FROM CHEMISTRY TEACHERS’ POINT OF VIEW

Abstract: School experiments represent a necessary meaubjgfct-matter presentation in chemistry education
and are important for chemical (scientific) thinginDespite being a focus of several texts, a compiew

on the experimental activity in chemistry educatiorCzechia is missing. The results of a questioersurvey
among 466 lower-secondary, lyceum and grammar $¢baohers focused on types of conducted expersnent
their frequency, the place they are conducted.mbst frequently used chemicals and sources of riatsmn are
presented in the paper. The results show that téespperiments’ significant role in education, dtcurrence is
rather seldom and teacher's demonstrations prevail students’ experiments. The list of the moseérofused
chemicals suggests the experiments are mostly édcas inorganic chemistry. These results open durth
questions regarding occupational safety at schamlsn important factor which could also be theaedsr such

a low representation of experiments in Czech cheynéslucation.
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Introduction

Education in chemistry as an empirical scientifiscgpline is closely linked with
experimental activity. School experiments, or ediocal experiments, are a necessary part
of chemistry education [1-4]. Without it, chemistegucation loses its original character.
Chemistry differs from other scientific disciplindsy its considerable part focused
on the sub-microscopic composition of the worla; g 6]. This, naturally, brings a certain
amount of abstraction to students, especially etettid of their lower-secondary education
(14-15 year-olds) when chemistry is being tauglat tihey may not be capable of [7].
A trend to visualize as much as possible [8] isarsthndable. Above all, with a focus on
formulas and other symbols dominating, chemicale(gdic) thinking [9] the school
subject does not even fulfil its curricular purpoRes too difficult and demotivating for
students [10-12].
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A chemical experiment is a suitable tool which aeets basic chemical education’s
components. It is both a tool for demonstratingrelets or compounds’ properties and
enables the development of scientific thinking @estific literacy [13], which is supposed
to be a part of chemical education too [14].

Scientific literacy as a concept promoted namelyth®y Programme for International
Student Assessment (PISA), has been seen as aofostience education by the
Organization for Economic Co-operation and Develepm(OECD) [15]. In the PISA
project, scientific literacy is defined by thredlgnis: explaining phenomena scientifically,
evaluate and engineer scientific research andpreaedata and evidence scientifically [15].
Despite theoretical teaching focused on delivefaws may partly cover scientific literacy
development, doing experiments is essential. Not snit the sole method for students to
learn to design and evaluate experiments. It dieaws the need to use proper scientific
terms in a relevant context [16] and supports mebedata interpretation.

It is namely in experiment-related skills that Gzetudents lag behind the average of
students from OECD countries [15, 17]. Developiimis tarea is therefore necessary.
Its presumption is, however, precise performancethi@ experiment, which leads to
an educational effect not only a show. Activatitigdents’ thinking is vital at this point.
It can be induced by questions and tasks in thedmense of the word. Exaggerated
abstraction or use of complicated compounds and ttfeemical reactions can seem
attractive, however, can disrupt an experimengsmgparency and therefore significantly
lower its contribution for students [18].

Out of different levels of education, the above-timred situation concerns mostly the
types of schools where chemistry belongs amongdadchubjects of general education.
Schools whose curricula are science or chemisignted naturally approach experimental
activities differently. From this point of view, iG@zechia this concerns lower-secondary
schools, grammar schools and certain levels of timtal schools including lycea.
The state curricula for these schools are mostlgitional [14, 19] and as seen in [19, 20]
are comparable with curricula in other countrietssoAthe school system with respect to
chemistry education is in many ways similar to aghia the world [21]. For this reason, the
problem this research was aimed at is of an intiermal interest.

This topic’s importance is further stressed by ntgepublished papers in which the
authors dealt with technical tools, equipment anatemial for experimental activities
[22, 23], differences between virtual and real expents’ effectiveness [13, 24, 25], and
experiments as part of project-based or inquiryetasducation [2, 26]. A complex
overview of the situation in schools is, howeveissing.

The presented research was therefore motivatechéynéed to get more detailed
information in this area fundamental for chemistdycation.

Goals and methods

Goals

Before taking any steps toward improvement of thi:ideal situation, the current
status quo needs to be known. The goal of thisarekewas to map the field of school
chemical experiments in Czech schools where chgmist being taught as a subject
in a general education (i.e. lower-secondary schaphmmar schools and lycée).

The research was directed by the following resequastions:

1. What types of experiment are being conducted aiadstand in what frequency?
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2. Where does the experimental activity take placgchools?

3. Where do teachers get the inspiration for chemisttgeriments and how do they
evaluate them?

4. Which chemical compounds do teachers use the rftest for experimental activities?

The research tool

A questionnaire survey was used as the researdiotheéfhe questionnaire items were
constructed with respect to the goals of projecD2000226 "Evaluation of Safe Practice
Teaching Practices in Schools". It was piloted agntire project team members as well as
with 18 chemistry teachers who had previously coateel with the team members.
The questionnaire was created in the 1Ka app. ke ebllection took from June 2019 to
March 2020.

Sample

The sample of this study was formed by chemistaghers in lower-secondary schools
(LS), grammar (G) schools and lycea (L) in Czechilze sample was stratified, respecting
the minimum sample size (according to an online @ansize calculator Raosoft.com)
derived by the number of teachers in particulaioreg)in Czechia.

From the Czech Ministry of Education, Youth and Sgicaddress book [27], several
types of school were excluded: special schoolsreaptize/vocational schools, practical
schools and all schools without chemistry educatfeurther, the schools were selected
according to their location. At selected schools,chemistry teachers or teachers who
teach chemistry were addressed.

Data analysis

The data were analysed directly in the 1Ka andiypartMS Excel. The answers on
scales were assigned numeric values (1 - evergrie8s- never). For this reason, the data
were treated as ordinal.

Results and discussion
Information about respondents

Partial, yet usable, information was provided b 4€achers. 354 teachers completed
the whole questionnaire. The sample contains 302n&econdary, 222 grammar school
teachers and 21 lyceum chemistry teachers. 79 d¢ememnswered that they teach at two
types of school. In this case their answers weralyaad in both teacher categories.
A typical respondent for the research is a femadeher (80.7 %) with more than 20 years
of practice (51.9 %) who has a degree in chemistiycation (76.2 %) - the details are
shown in the Supplement. With respect to the es@ichamumber of chemistry teachers
in lower-secondary schools and a similar recomparidbr grammar schools is the number
of participants above the minimal sample.

Experiments at lower-secondary, grammar schools anlycea
Types of experiments and places they are being conducted

According to the respondents, Czech students emeoumostly teacher-performed
demonstrations. At LS and G, experiments are ddnkeast once a month. Students’
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experiments are less frequent. Whereas at LS anifhelL teachers mentioned doing
experiments less than once a month, G teacherseamduhat they do experiments at least
once a month.

Teacher education did not prove to be a factoril&imesults were reached when the
answers were analysed according to the lengtheofethchers’ practice. The only deviation
was indicated among the teachers with teachingtipeashorter than three years, who
mentioned doing demonstrations more often than @nogonth (Med = 2.5). This result
could be interpreted as the novice teachers’ Initiativation and their application of the
teaching approach they bring from universities.

In this respect, school conditions proved to bengwortant factor. Information about
them provide interpretation of the students’ experts higher frequency. At LS,
experiments are conducted in specialized chemidatgsrooms (72 %) and in 28 % in
a common classroom. Only 18 % of the respondentstiomed they have a laboratory.
Naturally, this greatly affects the type of experimts which can be conducted.
As anticipated, the situation is better at gramswools. 22 % of experiments are done in
a common classroom, whereas 76 % in a specialilz=msroom. On top of that, 93 % of
teachers mentioned they do experiments in a latnyraft lycea, 29 % of the teachers
mentioned doing experiments in a common classroéin,% accordingly mentioned
conducting experiments either in a specializedsctasm or a laboratory. These results
naturally unreel from the curricula at the partiutype of schools. With respect to the
above presented results, it can be concluded tqdrienental activities are quite rare.
Considering the importance of experiments in chignisducation, especially their effect
on scientific literacy development, this findingaisall for a change. This result is however,
in accordance with the line of argumentation in][2&hen promoting experimental
activities by introducing experimental sets astmtatory or chemical stores.

A teacher’s field of study proved to be a factothie case of laboratory experiments.
Whereas experiments in laboratories are done b 3if teachers who studied chemistry
or chemistry education, only 10 % of teachers whalisd a different field mentioned
doing laboratory experiments. This is probably eauby the teachers’ experience with
experimental activities as well as the image ofntiséy education they bring from their
university studies.

The length of teachers’ practice was proven onlistigly. The number of teachers
who do experiments in a specialized classroom grewts increasing length of their
practice. The teachers’ experience then seemsue &a effect. To assess the quality of
these experiments, however, the classes would todegl visited and evaluated individually
as there is a great difference between showingaetiom and conducting an educational
chemistry experiment.

Resources for experiments and the role of universities in experimental activity support

There was an agreement noticed in the teachers ftifferent types of schools
regarding the sources of inspiration for experimerithey mentioned lower-secondary
school textbooks (18 %), the internet (18 %) andisars or courses (15 %). Compared to
G teachers, LS teachers use textbooks and thenéttenore frequently. G teachers
mentioned using lower-secondary and upper-secondhgmistry textbooks, whereas
L teachers use lower-secondary textbooks only seldoteachers, similar to G teachers,
mentioned using university mimeographed in 12 % iidie of textbooks proved to be still
strong [28]. A deeper analysis of experiments preskin textbooks is, however, missing.



Conditions for experimental activities at elemeytamd high schools from chemistry teachers’ ... 97

As far as the resources are concerned, similadsrarere also found from the point of
view of teachers’ length of practice. Lower-secagdzhemistry textbooks and the internet
are a domineering source, however, the use of tsityemimeographed decreases after
five years of teachers’ teaching practice from 4@8t%. The influence of university on
these teachers seems to disappear with teacheiegyakperience. In the group of teachers
with less than three years teaching practice, theas the lowest ratio of teachers who
mentioned seminars and courses to be sourcespifdatisn. This could, in contrast to the
above mentioned, be given by their contact withversity so far as they do not seem to
seek any further education. The field of studyrtiti prove to be a factor in this case.

Similar findings came out of the teachers’ respensegarding teacher training.
They would welcome a more detailed pre-serviceningi (48 %) or further in-service
training (31 %). Fewer than 13 % of the respondemstioned they consider university
activities sufficient.

Greater activity from universities, even during ithgre-service training, would be
welcomed by 50 % of the LS teachers, c. 40 % Ghexacand 52 % L teachers. Within
in-service training, more training would be welcome26 % of LS teachers, 33 % L and
40 % G teachers.

When the last three items are put together, a piateisk of the educational system is
revealed. The teachers seem to conserve themselwbeir own practice as far as the
teaching materials are concerned. The responsesbearead as their overall attitude
towards teacher training. They consider pre-sertriaming important, however as far as
the follow-up training or use of materials are aammed, majority of them seem to stay out
of any reach, therefore indifferent to any modengzattempts. There are two-thirds of
teachers who consider in-service training not irtgodrwith only c. 20 % of the teachers
acting like prospective target group for teacheveltlgpment courses. This result was
surprising as teachers were reported to understhechistry experiments only to some
extent [29].

Also, activities such as annual conferences, cheyniteachers’ science fair or
presently offered courses seem insufficient. Ageostn the teachers’ apparent negative
attitude towards external support, this may be miby their face-to-face conception,
whereas teachers might welcome online courses.h&ngiossibility is that the activities
are not advertised to teachers enough. These stippseseed to be confirmed.

Almost 40 % of LS chemistry teachers with up tcethiyears practice consider their
skills regarding experimental practice sufficieBtven the fact these teachers mostly come
directly from universities, the low confidence tsiling and gives universities a hint what
to improve. This could serve as an explanationht low frequency of doing chemistry
experiments in schools, considering the fact 60 f6othe teachers consider their
experimental skills less than sufficient. On thbesthand, teachers with longer practice
mentioned they would welcome more experiment-rdlateining even during their
pre-service training. This could be translated lasnustry teachers’ appeal towards the
chemistry teacher training programmes. Anotheravdris also possible. Standard courses
such as “Inorganic chemistry laboratory” or “Orgaohemistry laboratory” could be, as far
as both their content and conception are concetaggkted towards actual activities which
could be performed in lower- or upper-secondaryribry teaching practice.
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The most frequently used compounds for experimental activity

More detailed information about the school experitabpractice can be found in the
compounds teachers use in their practice (FigThg teachers were asked to write five
chemicals they use the most. The frequencies af tientioning were expressed as a ratio,
so the numbers correspond to the number of teagharparticular group. The data suggest
that only a limited palette of chemicals is beirsgd. Some teachers wrote more than five,
some were more general (mentioning acids, basesalsneetc.) instead of concrete
compounds. There was not an obvious connection degtwthe chemicals teachers
mentioned. However, they suggest the experimenishithe teachers conduct. The results
show that experimental activity is strongly focusedgeneral or inorganic chemistry. Only
in single percentages did the teachers mentionnargeompounds (ethanol, methanal,
toluene and acetone). G and L teachers mentioried asgyanic compounds only seldom.

Another line of necessary research showed up is tespect. More valuable
information would be received if the teachers was&ed to nhame concrete experiments
they perform. This, however, calls for a separagsearch as experiments and
demonstrations (and teachers’ perception of th#figrdnce) need to be considered in order
to estimate the educational potential.
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Fig. 1. The most frequently used chemicals accgrthrthe types of school

Conclusion

The results of the survey showed that chemistrfCadéch schools is only seldom
accompanied by experiments. It is, however, a pitat of the field as both a source of new
knowledge as well as a teaching method which allsiwdents’ deeper contact with studied
phenomena and processes. The need to supportati®fpchemistry education is also
further stressed by Czech students’ poor internaticesults comparison in this area [17].
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Another vital finding is the teachers see reservegre-service chemistry teacher
training. Once in practice, only a minority of theseeks for further development.
A considerable role of textbooks on teachers’ expent choice was found. Having no
deeper understanding to the types of textbook éxeetts as well as their quality, there
was a new line of important research identified.

Experimental activities are mostly organized in rofsry classrooms at
lower-secondary schools and lycea. Grammar schusnially dispose of more laboratories.
As far as the used chemicals are concerned, thtgeshow a strong focus on general or
inorganic chemistry as well as demonstrations. Tdusld be changed by universities’
greater accent on experimental activities as agfagacher training, which is also one of
the appeals the respondent teachers expressed.

The results of this research need to be interpretedidering several limiting factors.
The sample selection was not random, it is meredgtarated minimum sample mirroring
the teachers’ population in particular districtsGmechia. For this reason, the information
could be influenced by a greater statistical er@n.the other hand, the presented data are
mostly of a descriptive character. The teachers whie willing to participate are expected
to be the more active and communicable. The prededdta may therefore present “a nicer
picture” than reality. The research method enahisdo obtain information from quite
a numerous sample, nevertheless, to describe énhalareality would require lesson
observations and experiment analysis along witbrii¢ws with teachers and students.
Also, the questions about the most frequently udeeimicals contained five textboxes.
This could, in a way, limit the results. Howeverg tteachers’ responses did not suggest
greater variability in the chemicals they use. $avef them did not even use all five fields.

The research also included a part focused on otionpa safety during experimental
activities. These results, however, extend the eanfpthis paper and will be published
separately.
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