ISSN 1648 - 3898 Journal of Baltic Science Education, No. 2 (6), 2004-10-30; pp. 43-51.

ASSESMENT OF THE ENVIRONMENTAL ASPECT IN A CONTEMPORARY
TEACHING/LEARNING MODEL OF CHEMISTRY IN BASIC SCHOOLS OF
LATVIA

Aira Bartusevica, Dagnija Cédere
University of Latvia, Faculty of Chemistry, The Center of Chemistry Education of Latvia

Rudite Andersone
University of Latvia, Faculty of Education and Psychology, Latvia

Abstract. Pedagogic investigation, situation study and analysis are presented on one aspect of the previously
developed teaching/learning model ,, Society — Nature — Technology”. The attitude of 600 Latvian students of the
8" and 9" grades towards environmental education, their understanding about particular environmental
problems and their place in chemistry teaching and learning content are evaluated in the paper. Comparative
research was done resulting in the assessment of the increase in the comprehension of environmental problems
of those students who have participated in the approbation of the teaching/learning model.
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Introduction

Chemistry seems to be a difficult and incomprehensible subject for the majority of students. The
statement is confirmed both by the comparatively small number of students willing to take the
centralized chemistry examination upon graduation from high school' (564 students in 2003, 858 in
2004), and the number of people that have decided to connect their future projects with the specialty of
chemistry and therefore choose the faculty of chemistry when entering the university. The results of a
high school students questionnaire disclose that chemistry is the least popular subject among the natural
sciences (Lamanauskas, Gedrovics, Raipulis, 2004).

National and international research results in our country and abroad show very low students’
interest in natural sciences — in Latvia and Lithuania (Geske, Kangro 2002; Gedrovics, Lamanauskas,
2001; Lamanauskas, 2003a), Bulgaria (Toshev, 2002), Finland and approximately 20 other countries
(Sjeberg, 2002), and Germany (Gréber, 1993). It is worth mentioning that problems urgent in Germany
(Pfeiper, Hiusler, 1992; Christen, 2000) or USA? some 6 — 10 years ago have very much in common
with those that Eastern Europe faces nowadays. Comparison of all the research results reveals one more
tendency — students’ motivation to acquire chemistry is higher in industrially developed countries than
in ex-communist countries with a lower level of industrialization (Lamanauskas, 2003b). Insufficient
understanding of basic chemistry problems, discrepancy between supplied and received knowledge is
still recognized in schools of Latvia (Kakse, 2001; Namsone, 2001), as well as in the universities, the

" http://www.isec.gov.lv/eksameni/eksameni.shtml; http:/www.isec.gov.lv/eksameni/info.shtml
? http://www.chem.sunysb.edu/Hanson-FOC/Conferences/Report.htm
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lack of potential students confirming the fact. Scientists and teachers are looking for solutions to the
problem. Publications appear about the necessity of study process humanization (Kincans, 2003),
theoretical and practical aspects of humanization (Arshansky, 2004), about the place and significance
of Green Chemistry in the chemistry teaching process in the USA (Slabin, 2004), about compliance
with labour safety during chemical experiments (Davidov, 2004), about integration of environmental
education into chemistry classes (Zhukova, 2004), etc. A multishaped spectrum of these findings
confirm once more the fact that chemistry teaching should be very flexible in basic school, that suitable
didactic solutions should be used for every earmarked audience. Only an integrated approach to
teaching the subject will keep students’ interest and will motivate students to learn the subject.

Environmental education problems in school should be integrated into the curriculum of all the
natural sciences because the environmental problems are not separate from problems of chemistry,
physics, biology, and geography. A joint, complex approach to teaching of overall natural science, a
joint approach to chemistry and environmental affairs in the basic school program is the background of
our proposed teaching/learning model of chemistry (Bartusevi¢a, Cédere, 2004). The pedagogic
research described below was done for the evaluation of the efficiency of this model.

We have tried to clarify whether chemistry is so difficult and incomprehensible a subject in the
8" and 9" grades of basic schools, indeed, whether we succeed in connecting chemical reactions and
processes with things around students in their everyday life, whether we succeed in incorporating
environmental problems in the curriculum of chemistry education, and whether the students have a
knack for exploiting the experience obtained in chemistry classes in their lives. We were also interested
in clarifying the significance of environmental education and discussions about environmental
problems in cognition and interest stimulating chemistry studies from the point of view of students,
their parents, and chemistry teachers.

Research methods and respondent characteristics

A questionnaire of students, teachers, and parents as well as a fest for students about the
understanding of several environmental problems were used as pedagogic research methods. 600
students participated in the questionnaire from 11 Latvian schools (Cesis, Valmiera, Jelgava,
Daugavpils districts), 230 from 8" grade, and 370 from 9™ grade. 95 chemistry teachers from all over
Latvia answered the questionnaire, 48.7% of them teach chemistry in city schools, including 7% in the
capital Riga, but the others — in country schools. 307 parents shared their views about the mentioned
problems, 150 of them being parents of the 8" grade students and 157 - of the 9th grade students.

The test as a pedagogic research method was exploited repeatedly for evaluation of our
previously developed teaching/learning model ,,Society — Nature — Technology” (Bartusevica,
Cedere, 2004). The questionnaire for the teachers involved in the approbation of the mentioned model,
as well as interviews with students, their parents, and teachers were also used repeatedly.

Our pedagogic experiment was assessed in two steps:

1) situation analysis when starting the approbation of our teaching/learning model;
2) results after the approbation of our teaching/learning model.

Estimation of the situation when starting the approbation of the teaching/learning model

Environmental education enters the curriculum of natural sciences including chemistry as an
integrated subject. It might be a way to diversify and enrich the chemistry curriculum if it is presented
in an exciting and comprehensible way. The concept environmental education involves knowledge and
comprehension about ecological, social and political processes and their influences. It is education
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about the environment, in the environment and for the environment; it is the teaching about the mutual
relationship of the environment and man, its development and regularity.

Respondents were asked to give only one, the most accurate answer to the question What is
environmental education? 12% of the 8" grade students and the same percentage of the 9" grade
students selected two answer versions (not to mention the comment “another answer”) confirming their
inability to make a choice. Only 38.3% of the 8" grade students and 40% of the 9" grade students have
clear insight about the concept environmental education, and that is less than a half of all the students.
The phrases found most frequently in the comment “another answer” are as follows: teaching about
locality, teaching about nature and its particularities, teaching about the way to protect nature, teaching
about the cleanliness of the locality and behaviour in the locality, teaching about the maintenance of
cleanliness in the locality, teaching how to protect nature against pollution, as well as — don’t
understand, don’t know what it is. It should be mentioned that the question raised doubts for parents
also: 73.3% of parents presented the exact answer; more than 10% of the interviewed parents chose two
or even three answer versions.

Answers to the question Are you/students interested in environmental issues? allowed us to learn
the opinion of students about themselves and to compare it with the position of teachers and parents of
the same students. Around 70% of students, their parents and teachers share the view that students are
interested very much or just interested in environmental issues. The interest of the 9™ grade students is
even higher than that of the 8" grade students. Not all environmental problems are interesting for
37.4% of the 8" grade students and for 34.7% of the 9" grade students. 28.4% of teachers and 23.5% of
students’ parents share this opinion. There is only a small fraction of the students that state that
environmental issues are of no interest to them - 5.7% in the 8" grade and 6.2% in the 9™ grade. One
can also encounter statements such us: it might interest one day, it becomes interesting only when
something particular happens, some disaster or catastrophe, some items are interesting, others — not at
all.

Both the 8" grade students (73.0%) and the ot grade students (78.9 %) place radio and TV in the
first place when answering the question How do you learn about environmental problems in your
locality? Further priorities differ a little in both grades. The explanation of this small difference of
opinions lies in the particularities of the teenagers. The g™ grade students accept the teacher’s opinion
more; conversations in the family seem more significant to them by comparison with their own
observations and impressions obtained during discourses with friends. The students have become more
independent in the 9" grade, they are more self-reliant, they evaluate independently the information
found in magazines and newspapers, and discourse with friends has become more significant to them
than conversations in the family.

These small differences between the views of the 8™ and the 9™ grade students are not statistically
significant. Much more disturbing is another tendency that is reflected in students’ answers — only
8.3% of the 8" grade students and 14.1% of the 9™ grade students have learned about environmental
problems from books; much more information is obtained from radio and TV.

In general the views of the 8" grade students and the 9™ grade students are very similar. The
correlation coefficient between their opinions is r =0.98 (Pearson correlation). This demonstrates a
direct connection between questionnaire results of the students of both grades, the starting level of
knowledge and information in both grades being equal.

Air and water quality problems have a substantial place in the content of chemistry teaching and
learning — their purity and pollution, influence of detergents on the environment and health, waste
problems, and consequences caused by transport pollution.

The question What environmental issues are discussed in chemistry lessons? has been asked in
order to find out whether and how much chemistry teachers have spoken about these matters in their
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lessons, and whether students have comprehended and noticed the material. Answers of the students
and teachers showed that most attention in chemistry lessons is paid to air and water quality issues.
Answers of students and teachers have an acceptable correlation (r =0.88) which indicates a close
relationship. Unfortunately the number of teachers’ affirmative answers has exceeded those of students
1.4 — 4.5 times. Only 68.3% of the gh grade students and 69.2% of the 9t grade students have
confirmed the fact that the state of water, its purity and pollution has been discussed in chemistry
lessons as compared with 93.7% of teachers. Only 10.0% of all the 8™ and 9" grade students have
heard about agriculture problems in chemistry lessons but 45.3% have spoken about it in lessons. A
similar connection can be observed in comparing answers to other questions — those about air quality,
the influence of detergents on the environment, etc.

This tendency has other motives that might become the object of an independent research study.
There is no doubt that teachers have tried to speak about the mentioned problems but they have not
succeeded. Students correspondingly have mentioned only the facts they have seen and therefore
remember in their answers. It is true that the teacher does not have time and opportunity enough to
teach particular environmental problems in chemistry lessons in the 8" grade, aside from basic
chemistry. However, differences between the answers of 8" and 9™ grade students are marginal.
Therefore, it is doubtful that the observed fact is a result of teacher’s efforts during one or two year’s
time. More likely, the level of students’ information in environmental problems has increased together
with their general awareness level.

There is no reason to question the honesty of the answers of both teachers and students. It is
evident that discussion about these items has taken place but not always in a comprehensible (for
students), interesting and exciting way. The view of parents and teachers has an acceptable correlation
(r = 0.89) in the question about what should be discussed and what is discussed in chemistry lessons
that show close relationship of the answers. A similar question about the discussion of environmental
problems in families has given a very close result (r = 0.90). Half of the parents are convinced that
environmental problems should be discussed in chemistry lessons, at the same time confirming that
these questions are discussed in their families. It is difficult to judge whether this statement also
represents the opinion of society at large because many parents did not return the questionnaires.

8™ and 9" grade students also completed tests together with questionnaires. The test included the
environmental problems mentioned in the questionnaires: water and air quality, pollution caused by
transport, the influence of detergents on environment and health, “green house” effect, acid rains, and
ozone layer disintegration. Students’ insight in the mentioned problems was evaluated in four levels:
E—excellent (7 points); O — optimal (5 — 6 points); S — sufficient (3 — 4 points); I — insufficient (0 — 2
points). One point corresponds to a complete comprehension of one environmental problem (Figure 1).

Results of the test confirm surprisingly low comprehension of environmental problems. No 8"
grade student answered correctly all the test questions, and only 1.6% of the 9" grade students reached
the highest level (excellent). Insufficient answers were presented by 51.7% of the 8" grade and 45.4%
of the 9" grade students. In total, the share of correct answers to the test questions was only 34.7% for
the 8" and 39.6% for the 9™ grade students. These results are not encouraging.
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Figure 1. Level of student acquisition of environmental problems in chemistry lessons.

The obtained results were a surprise also to those twelve teachers that agreed to participate in the
pedagogic experiment and to work according to the teaching/learning model for two years. They have
enabled us to approbate of our model ,,Society — Nature — Technology” (Bartusevic¢a, C&dere, 2004) in
practice.

Results after approbation of the teaching/learning model ,,Society — Nature — Technology”

Restructuring of the existing curriculum of chemistry teaching according to society needs, the
principles of sustainable development and contemporary demands are the most significant driving
forces for changes in chemistry education in Latvia. The discrepancy between the curriculum and the
information necessary for life in modern society was the main reason for the necessity of our new
teaching/learning model. The pedagogic approach involved in our didactic model contrary to the
existing approach to chemistry teaching in Latvia proposes a substantially increased proportion of
applied chemistry, environmental protection laboratory exercise methods in chemistry classes and
teaching methods that stimulate thinking. In the frame of the teaching/learning model, interaction of
three mutually connected aspects (society, nature, technologies) form significant qualities of chemistry
teaching — a meaningful mode of chemical thinking, a caring and understanding attitude towards
environmental processes, and skills and attitude useful for practical life (Bartusevica, Cédere, 2004).
Mutual respect and understanding between a teacher and a student form the backdrop of the pedagogic
approach, including observance of personality, necessity and ability of every student.

The teaching model together with a teaching aids package consisting of student’s laboratory
workbook, teacher’s guide and worksheets for students was approbated in 11 schools of Latvia during
several school years. Further the result of approbation is presented — assessment of the growth of
understanding about environmental problems on three levels:

1) in schools;

2) in grades and groups of grades;

3) the growth of a student in a grade.
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Table 1. Plan of the pedagogic research (approbation of the teaching/learning model).

8™ grade students 9™ grade students Didactic solutions
2001/2002 school Answer questions of the Answer questions of | Search for new
year questionnaire and test at the | the questionnaire and | teaching/learning organizing
Estimation of beginning of school year test at the beginning | forms
situation of school year Shift of accents in chemistry
Questionnaire of Answer questions of the curriculum
students, teachers, test at the end of school Answer questions of
and parents year (second time) the test at the end of | Practical work of the students in
Test for students school year chemistry classes with simple
about several (second time) well-known substances and
environmental cheap available materials
problems
2002/2003 school Continue the approbation of Consideration of the warning
year the teaching/learning model signs, security symbols
Approbation of the | Answer questions of the characterizing properties of
teaching/learning test at the end of school substances, warning signs for
model year (third time) self-protection and

environmental protection

2003/2004 school .
year RESULTS Laboratory experiments that
Estimation of the model environmental processes
results Students’ interest has increased about the subject and are environmentally
Data processing Students’ understanding has enlarged about several friendly; the final step is. '
Questionnaire of environmental problems neutralization and recyclization
teachers Approval of students, parents and teachers has of final products of reactions
Interviews with emerged
students and
parents

Two schools were selected for repeated testing — 83 students of the 8" grade and 77 students of
the 9™ grade. One was a city basic school with 51 students in the 8" grade and 40 students in the 9™
grade (school No 1). The other was a country basic school with correspondingly 32 and 37 students
(school No 2). Chemistry teachers had worked for a long time in both schools, plenty of attention being
paid to environmental education in their classes. Both schools have received notable results in the field
of environmental education and ecological upbringing of the students.

We compared test results before and after the pedagogic experiment in selected grades, in order to
assess, the growth of the students during one (or correspondingly two) school years. Both 8" and 9th
grade students were tested at the beginning of the experiment and after one school year. In addition the
gt grade students were tested repeatedly in two-years time (when finishing the 9th grade). In total,
77.8% of the answers to the test questions were right for the 8" grade students and correspondingly
75.1% for the 9" grade students.

Acquisition level of the 8" grade students has grown considerably during the two school years
working within the framework of our model (see figure 2). After one year 9.4% of students showed
excellent knowledge. The number of students that have received optimal assessment increased 2.6
times (from 15.1% to 38.8%) and the number of students that have received insufficient assessment at



ISSN 1648 - 3898 Journal of Baltic Science Education, No. 2 (6), 2004-10-30; pp. 43-51.

the beginning decreased 3.6 times (from 41.9% to 11.8%). The third time, when graduating from basic
school, more than a half of the students (53%) received optimal assessment, 24.1% - excellent, 22.9%
sufficient assessment. No student received insufficient assessment.
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Figure 2. Results of the test in the 8" grades.

Among the 9" grade students, excellent assessment was gained by 33.8%, optimal - 29.9%,
sufficient - 32.4% of students and only 3.9% of students (3 from 77) received insufficient assessment
(Figure 3). These results show that good results can be reached even during one school year working
within the proposed framework. It is worth mentioning that the interest about chemistry in both schools
increased as a result of the pedagogic experiment. The assessment of chemistry subject after every term
has also increased in all eight grades participating in the experiment.
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Figure 3. Results of the test in the 9™ grades.

We analysed the dynamics of environmental problems comprehension during two school years
time in detail (in the 8" grade of the school No 1 with 25 students). At the very beginning, optimal
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assessment was received by only five students, sufficient assessment — ten students, and insufficient —
also 10 students. On graduating from the 8" grade (intermediate result), excellent assessment was
received already by four students including one that received only sufficient assessment in his first test.
Only one student received lower assessment in his second test than in the first, probably by accident.
The number of students receiving insufficient assessment decreased to 12% (three students). On
graduating from the 9" grade, the results of all the students increased (40%) or maintained the same
level (60%) in comparison with the intermediate result. Twelve students increased their comprehension
for two levels, another twelve — for one level, and only one student reached no progress. The calculated
average difference is 1.44 levels after the experiment, and it is a high growth indicator.

In the final stage of the experiment, the twelve teachers involved in the pedagogic experiment
answered the questionnaire once again. All the teachers appreciated the changes in teaching/learning
enclosed in the model — successful shift of accents in the curriculum, efficiency of the chosen methods,
joint approach to chemistry education and environmental education. The teachers emphasized that
unlimited increase of curriculum volume is unacceptable. Revision of the syllabus and the inclusion of
topics for basic school might be a topic for of an independent study.

The most interesting statements of teachers made after the approbation are presented below:

e such a curriculum is welcome because it joins chemistry with everyday life and material
possibilities;
unconventional and original approach to habitual subjects;
we were stimulated to think more ourselves when preparing classes;
that is what chemistry should be in basic school;
Such an approach allows chemistry to become a subject that children learn with pleasure.
The feelings of students’ parents were also surveyed. There were three core ideas in them:
e children’s positive and interested attitude towards chemistry;
e emergence of family discussions about chemistry problems initiated by some students;
e children’s desire and ability to express their own attitude towards problems in environment.

Successful implementation of environmental issues in the chemistry curriculum is a process that
stimulates intersubject connections. It makes chemistry livelier, more interesting for the student, it
brings closer and helps to observe the processes in animate and inanimate nature thus motivating the
students to care about environment protection and maintenance for further generations.

Conclusions

Situation analysis before the approbation of our teaching/learning model ,,Society — Nature —
Technology” (Bartusevica, Cédere, 2004) confirms insufficient comprehension of environmental issues
and problems among respondents in the 8™ and 9" grades in schools of Latvia.

The developed approach — teaching/learning model considering three mutually joint aspects
(society, nature, and technology) is proved in practice. Students’ comprehension about chemistry
increased during the pedagogic experiment. The test results have shown that students’ acquisition level
has increased by 38.4% in the 8"-9" grades (during two school years), and by 26.8% in the 9" grades
(during one school year).

Approbation results validate the following approaches:

e considerably increased proportion of applied chemistry in chemistry curriculum;
e environmentally friendly laboratory exercises in chemistry classes;
e methods that stimulate thinking and emphasize the significance of chemistry in everyday life.
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Pe3rome

OIIEHKA 3KOJIOTUYECKOT'O ACIEKTA COBPEMEHHOM MOJIEJIA
OBYYEHUMA XUMHUHU B OCHOBHBIX IIKOJIAX IATBUU

Aiipa bapryceBnua, [larnus Lleaepe, Pynure Annepcone

B paspaboranHoii Momenm oOy4YeHHWs XWMUHU Ui OCHOBHOHM mmiKojibl ,,00mectBo — Ilpupoma —
Texnonorun” (Bartusevica, Cédere, 2004) GomnpIioe BHUMAHHE YIEIAETCS DKOJIOTHICCKOMY OOpa30BaHMIO,
(hOpMUPOBAHUIO Y YHAIIUXCS SKOJIOTMYECKH MOTHBHPOBAHHOTO OTHOIIECHHUS K NMpHponae. B TedueHuH OByX JeT
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MIPOBOAMIINCH HCCIENOBAHMA C IIENBI0 OLICHKHM Halled MOJENH B HIKOJBHOW MpakTHKe. B Hacrosmed crarbe
00CYXKIAIOTCS Pe3yNbTaThl anpoOMpPOBaHUS pa3pabOTaHHOW METOIAMKH OOYYCHHSI XHUMHH, B YacTHOCTH
9KOJIOTHYECKOTO aCTIEeKTa MOJEIH.

B cratee oTpakéH cpaBHUTENbHBIA aHanu3 MHeHU 600 ydenukoB, 95 yuurteneit u 307 poguteneil u3
pa3HbIX pailoHoB JlaTBUM, OCHOBaHHBIN Ha pe3yJbTaThl ompoca. B crarbe OTpak€H CpaBHUTEIBHBIN aHAU3
MHEHHH BCeX pEeCHOHAEHTOB. OTIMYUS B OTBETaX YUYEHHKOB BOCBMBIX M JIE€BATHIX KJIACCOB SIBIISIOTCS
CTaTUCTUYECKU HECYIECTBEHHBIMH.

ITpoBoauics TecT 3HaHMN A YYEHHKOB A0 M mocine ampoOupoBanus. llpu aHammse curyanuum 1o
anpoOHpoBaHus yueOHOW MOJIeNIM OBUIO KOHCTATHPOBAHO HEAOCTATOYHOE TTOHMMAHUE IKOJIOTMYECKUX TpodiieM
y OOJBIIMHCTBA OMPOILEHHBIX yYaluxcs - o0miee KOJMYECTBO MPaBHIBHBIX OTBETOB Ha BOIIPOCHI TeCcTa OBLIO
tonbko 34,7% B BOCbMBIX Kiaccax M 39,6% B OEBATBIX Kiaccax. Pe3ynpTaTbl TecTHpOBaHUS IOCIE
anpoOHPOBaHUS NIOKa3aIH PE3yIbTaATUBHOCTD Y4eOHOH MOJIeN. Y POBEHb TOHUMAaHUS IKOJOTHYECKUX TpoOIieM
noBeIcuiica Ha 38,4% B BOCBMBIX KJlaccax U Ha 26,8% B AeBATHIX Kinaccax. KoHCTaTMpOBaHO Takxke yydlleHne
o011ell ycrieBaeMOCTH O XUMHH.

Kak mokazan npoBenE€HHBIM MEeNaroruyecKkuii SKCIEPUMEHT, Ha MPaKTUKE OMpaBAaliCs MOJXO0J Hallen
pa3paboTanHoi Mojenu ,,001mecTBo — [Ipupoaa — TeXHONIOrHK ™, UTO XapaKTEPU3YIOT CIICAYOIINE MPU3HAKH:

® 3HAYNTEIHHOE YBEIHUEHHUE O MPAKTHYECKON XUMUH;

® OpHCHTALlMS Ha TOHMMAaHHWE OKOJIOTHUECKMX MpoOjeM, Ha COXpaHEHHE OKpyKalouleld cpeasl B

nabopaTOpHBIX paboTax;

® yMaTh, paccyXIaTh M JIEHCTBOBATH CHOCOOCTBYIOIIAS METOAMKA C aKLEHTHPOBAaHHEM POJIHM XHUMHU B

MTOBCEIBEBHOM JKU3HMU.

VYna4ynass WHTErpanusi BOIPOCOB 3KOJIOTUH B €CTECTBOHAYYHOM OOpPA30BaHWH, B YACTHOCTH B XUMHH,
CHocoOCTBYeT MHTepec K yuéoe, aenaer Oonee OJIM3KUMHU M MOHATHBIMH Ul YYAIUXCS MPOLECCH B MPUPOJE,
(hopMHpYyET MOTHBAILHIO 3a00TUTHCS 00 OXpaHe OKpYKaIoLIel Cpeibl, COXPaHUTh €€ AJsl Oy yIIHUX ITOKOJIEHUH.
KiroueBbie cjoBa: xumuyeckoe 0Opa3oBaHME, 3KOJOIMYECKOe OO0pa3oBaHUE, MOAEIb OOYYEHHUS XHUMUH,
OCHOBHasl LLIKOJIA.
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