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ABSTRACT: The present study deds with attitudes towards chemistry and chemical
education of pupils with and without experience in chemica lessons. The pupils were asked to draw
paintings to reflect their point of view of chemistry. Attitudes were investigated by a common
questionnaire. In comparison with a study conducted 15 years ago, it became obvious that today's
pupils are better informed. The pupils evauate chemistry by considering disadvantages and
advantages of science, medicine, chemical industry, environmental pollution and nuclear power!
Pupils without experience in chemistry lessons show a broadly varied conception of chemistry and
evaluate chemica education convincingly. Furthermore, the attitudes towards chemistry and towards
chemical education of experienced pupils interact dightly with each other. For this reason we support
the initigtives that introduce children to chemica phenomena and to scientific thinking in
kindergartens and primary schools to avoid emotional and cognitive misconceptions. [Chem. Educ.
Res. Pract. Eur.: 2000, 1, 365-374]
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INTRODUCTION

"Mrs. B. asks : As you have now acquired some elementary notions of Natural Philosophy, |
am going to propose to you another brand of science ... Chemistry.
Caroline answers : To confess the truth, Mrs. B., [ am not disposed to form a very favorable
idea of chemistry, nor do I expect to derive much entertainment from it." (Marcet, 1806)

Over the past 30 years, chemistry has los much esteem in German society. In the
gxties, chemistry was described as "a girl who is able to do nearly everything" (Zahn, 1979,
trandated by Hilbing). Later in the seventies and drengthened in the eighties (especidly
following the disasters of Seveso in 1976, Bhopd in 1984 etc), the image of chemisry
deteriorated. From this historicd point of view, one can assume that the attitude of young
persons towards chemistry - depending on the idea of chemidry in a society - has
deteriorated as wdl. This hypothesis is supported by an investigation done by two Swiss
scientists, who examined the idea of science in 1983 (Hellbronner & Wyss, 1983).
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Investigation in 1983

Hellbronner and Wyss asked Swiss pupils (11 to 15 years) to pant their images of
chemigtry. After collecting 151 paintings, the researchers were surprised at the artistic merit
of the paintings, but a the same time they were deeply affected by the choice of matifs.
Criticd and disgpproving attitudes towards chemistry were shown in 66% of the paintings.
The pantings dedt with environmentd pollution, thrests to the individud by chemicd
indusry and with anima experiments. Fantadtic laboratories as "Frankengtein” and similar
science-fiction scenes were shown by 33% of the paintings.

If pupils have in fact a poor attitude towards chemistry and chemigtry lessons like
Cadline (the quotation a the beginning of this section), we can assume that chemigry
lessons may have limited value. For this reason Society of German Chemists (GDCh)
initiatives to influence in a podtive way the atitude towards chemistry and chemicd
education of young children in the kindergarten (3-6 years old) and primary schools (6-11
years old).

THE PRESENT INVESTIGATION: HYPOTHESES AND METHOD

The am of this investigation was to examine the atitude of young pupils towards
chemigtry and chemical education a2 German grammar schools. It was carried out in 1998.
We were interested not only in the attitudes built up during chemigry lessons, but dso in the
dtitudes of pupils before they dat with chemicd education. Therefore, we investigated
pupils with experiences in chemidry lessons and young persons without any such
experiences. Impressed by the creative and profound paintings obtained by Heilbronner and
Wyss, we decided to base our study upon their experiences. In view of the bad image of
chemigry in the 1980s and the predominantly negative etitude seen in the pantings, we
assumed a correlation to exist between the pupils atitude and the bad image of chemidry in
the society. Moreover, since the image of chemistry lessons in the 1980s was dso poor, we
were able to assume a correlation there, as well. These thoughts led us to the hypotheses d
the investigation:

Hypothess |: "An interrdation occurs between the attitudes towards chemistry and the
attitudes towards chemical education in 1998.”

Hypothess 1l: "Pupils without experience in chemicad education aso develop an atitude
towards chemica education.”

The theoreticd foundation for these hypotheses was the attitude-concept by Hovland
and Rosenberg (1960). They understand attitude in two dimensions. a cognitive on the one
hand and an dffective-emotional dimenson on the other. Both dimensons can be
investigated separately but affect each other. Upon this foundation we developed a
questionnaire conggting of items which display both dimensons of attitude. We used opent
ended and close-ended questions to evauate the attitudes. The open-ended questions served
to inform us about the attitude in generd and the close-ended questions were used for the
attitude measurement as described in the following.

Referring to Mikeski (1979), we have developed questions to evauate the attitudes
towards chemidry of the pupils. After a pre-tet, it had become obvious that eleven items are
relevant to measure the attitude to chemigtry of a pupil. The difficulty index ranged between
02 and 08 . The discrimination index was larger than 0.3. The coefficient alpha of
rdiability for this sub-group of items was found to be equa to 0.70. A high vaue on this
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attitude-scde referred to a podtive atitude towards chemistry. We subdivided this scde in
three parts. pogitive, indifferent and negative attitude towards chemistry.

In the same way we have developed a scae which displays the dtitude towards
chemica education. The questions were based on the experiences of Klamke (1992). In this
case we have conddered 23 items as relevant for the attitude-scale. The coefficient alpha for
this sub-group of items was found to be equa to 090 . The subdivison of this scae
produced the same classification as above.

The hypotheses proposed above influenced our sdlection of test-persons. We had to
consider (a) pupils without experience in chemistry lessons: 12 years old, 6" grade: N = 265;
and (b) pupils with some experience (haf a year) in chemidry lessons 13 years old,
beginners, 7" grade: N = 89. In addition, we considered pupils with a longer experience (one
and a hdf years) in chemistry lessons: 15 years old, 9" grade: N = 126. Pupils in the federa
state Brandenburg stat with chemical education in 8™ %rade; in the federd date North
Rhine-Westphalia in 7" grade; so we grouped pupils of 7" grade in Brandenburg with pupils
of 6" grade in North Rhine-Westphdia This stuation has led to the grester number of
pupils without experience in chemidiry.

Course of investigation-sequences

The invedtigation darted with a brangorming question: What is chemigtry? The
pupils collected many words and associations. This collection was the foundetion for the
decison about which motifs had been chosen by the pupils for their drawings or pictures.
These were painted in the course of sx lessons which formed part of te pupils art lessons.
The teachers guided the pupils in reaion to technicd and atistic questions. Hints of
guidance concerning the content of the pictures were not dlowed to be given to ensure that
the pictures reflected the pupils own idess. After completing the pictures, the pupils were
asked to fill in a quedionnaire that included questions on the motifs of paintings, on the
attitudes towards chemisiry and on étitudes towards chemistry lessons. It was recognised
that the braingorming itsdf and the open invedtigation Stuaion did not prevent tha pupils
formed their atitude during discusson in at lessons This potentid disadvantage was
conscioudy tolerated in favour of a higher motivation of the pupils.

Analysing the paintings

The methodology adopted for the invedtigation was based on the agpproach of
Heilbronner and Wyss in 1983. In this, Hellbronner and Wyss assgned each painting to only
one of ther three categories. The first category dedt with environmental pollution and the
threat to the individud by chemicd industry. The second category condsted of paintings
with motifs in reation to animal experiments. The third category covered pantings
depicting laboratory situations, featuring, for example, scientigs, laboratory settings or
research inditutes. In addition to these three categories, we added two further categories, the
falowing: specialised knowledge and everyday life.

Hellbronner and Wysss method of categorisng the paintings was modified in 1998.
During the art lessons, it became obvious to us that, if we smply assigned each painting to
only one category, we would have reduced the information and the message of the painting
in an unacceptable way. Therefore, we decided to congder not only the main message
emeging from a picture, but aso additiona motifs gppearing in it. Consequently, one
painting could be assigned to two or more different categories, according to the matifs.
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RESULTS
Comparison of the 1983 and the 1998 studies

Hellbronner and Wyss cdculated the share of paintings assgned to one category in
relation to al pantings To facilitate a comparison of the results of these two investigations,
we too looked initidly & the percentage of paintings with motifs of one category in reation
to dl pantings. For example, al pantings featuring anima experiments were related to dl
paintings.

The percentage of paintings with motifs of the category environmental pollution (See
Appendix, case 1) and animal experiments (Appendix, case 2) in 1998 was less than in
1983. If one condders that every panting includes more than three motifs and that these
arangements include not only negative motifs, the decrease of negative motifs will be
grengthened. This tendency for change was emphasised by the paintings in te subject area
of laboratory. Whereas |laboratories were painted thresteningly and bizarrely in 1983, the
laboratories in 1998 were presented in a more redigticaly and friendly fashion (Appendix,
cases 3 and 4). In addition to this, we found that the motifs reating to categories. everyday
life (Appendix, case 5) and specialised knowledge (Appendix, case 6) reflected
predominantly positive attitudes of the pupils.

To sum it up, there has been a pleasant change over the last 15 years. Our results
showed that, nowadays (1998), pupils are better informed about chemistry than they were in
the 1980s. Paticularly, the baance of knowledge about chemigtry is more extensve than it
was in 1983. This means that the pupils more often consdered risks as well as alvantages of
chemistry (Appendix, case 7).

Comparison of 6™, 7" and 9™ grades

Firg of dl, we have to point out that the choice of motifs depends on grade-leve. It
became dlear that half the pupils in 8" and 9" grade painted motifs that can be categorised
under laboratory and specialised knowledge. However, pupils in 7" grade predominantly
chose motifs relating to the categories environmental pollution and everyday life.
Unexpectedly, the proportion of motifs categorised under laboratory was very smdl in 7t
grade. Smilarly, the percentage of motifs categorised under specialised knowledge in grade
7 was smdler than in the 6™ and the 9™ grades. In both cases the differences were
datigticdly dgnificant (p=0.00, Mann-Whitney U-Test). However, the proportion of these
motifs was largest for the 9'"-grade pupils, which is probably due to the fact that they had
had the longest experience in chemidry lessons. The polarisation into postive and negative
moatifs, everyday life, specialised knowledge on the one hand, environmental pollution and
animal experiments on the other, showed that in al grades a large proportion of the pupils
viewed chemigtry from a pogtive (regarding the caegories everyday life and specialised
knowledge) and negdive dtands (regarding the categories environmental pollution and
animal experiments): 6" grade, 33%; 7" grade, 36%; 9" grade, 38%.

Comparison of girls with boys

We did not find many srong differences between the girls and boys in the different
grades. Girls painted fewer pictures with negative motifs than boys did. Approximately 70%
of the paintings of the boys whereas 53% of the pantings of the girls included a least one
negative motif. This difference was dgnificant (p=0.001). Fictures showing only negeive
motifs had been painted by 36% of the boys, but only by 17% of the girls (p=0.00). These
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dgnificant differences were caused by the following choice of motifs boys prefered motifs
from the category environmental pollution (p=0.001), wheress girls prefered motifs from the
category laboratory (p=0.001).

DISCUSSION AND CHECK-UP OF HYPOTHESES
Attitudes towards chemistry

The polaisation into podtive and negaive motifs, everyday life, specialised
knowledge on the one hand, environmental pollution and animal experiments on the other,
shows thet in al grades a large share of the pupils regarded chemistry from both a positive
and a negaive point of view. Moreover, usng the three categories for the attitude scae,
roughly 30% of al pupils expressed a podtive attitude in the questionnaires regarding the
subdivison of the atitude-scde. Pupils with two years of experience in chemistry lessons
expressed ggnificantly more often a pogdtive atitude in questionnaires (p=0.011). In view of
this, we can assume that the 9"-grade pupils acquired a first scientific knowledge, which
affected their attitudes.

Attitudes towards chemistry lessons

The extent of positive attitudes towards chemistry lessons shown by 6" grade pupils
amounted to only 17%. This unexpectedly low figure set us thinking. We can assume that
the atitudes of pupils with little or no experience in chemica education are affected by their
parents (52% of the pupils dated that they are informed by their parents), friends and
sblings (56%) and by the media (67%). The proportion of podtive attitudes towards
chemistry teaching grew up to 37% in 7" grade, non-significantly (p=0.326), dthough it
decreased significantly to 20% in 9" grade (p=0.025).

Check-up of hypothesis I

According to this hypothess, an interrdation exists between the attitudes towards
chemistry and the attitudes towards chemica education in 1998. To check this we
cdculated the Spearman correation coefficient, which showed that both attitudes interact
dightly with each other: r = 0.238 at the 0.01 sgnificance leve. Although this hypothess
cannot then completdy be sustained, the work of Wenck, Muller-Harbich, & Bader (1990)
supports our hypothess. In our opinion a sound chemicd education, with good chemistry
lessons is accepted by young people and contributes towards the eimination of prejudices
agang chemidry. On the other hand, a smdler distance from chemistry may cause a better
atitude towards chemistry lessons and motivate reserved pupils to ded with and solve
chemica problems.

Check-up of hypothesis 11

This hypothesis dipulated that even without an actud experience of chemicd
education, pupils deveop an dtitude towards chemistry and chemicd educaion. Our
findings indicated clearly that pupils without experience in chemistry lessons posses a basic
knowledge of chemisry. Paticulaly, the pupils of 6" grade dedt very crestively,
atigicdly and factudly with the task. They digolayed a broadly varied conception of
chemigry comparing the pros and cons of chemidry. Looking at their attitudes towards
chemicd education we can observe that they seemed to evduate chemistry lessons very
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convincing. Ther idess of chemigry lessons and notions about the learning of chemigtry
concepts and doing experiments were just as good as those of the pupils in 7" and 9" grade.
Our results show the importance of giving young children some background in chemidry, so
that they can develop informed attitutdes towards both the subject and its teaching.

Concluding remarks

Our results lead us to an well-known thesis proposed by Dewey in the early 20
century: "dl indruction has to begin with the experience of the children”. As we were able
to edtablish, preconceptions about chemidry are naturdly brought by pupils into ther
introductory chemigtry lessons. Emotionaly burdened prgudice againgt chemistry can cause
pupils to show a degree of gpathy towards chemicd education in its ealy <ages
Additiondly, a lot of pupils without experience in chemidry lessons hold concrete -
predominantly negative - ideas of chemistry lessons possbly imparted by parents, friends
and media.

For these reasons, we suggest that pupils emotiond attitudes towards chemistry and
chemica education need to be addressed while they are taking part in chemigtry lessons and
— more important — before pupils have built up a concrete and pregudice-laden view of
chemistry and chemidry lessons Initigtives desgned to introduce children to chemica
phenomena and to scientific thinking a& an early stage in their schooling may contribute to
thisend.

ADDRESS FOR CORRESPONDENCE: Claus Hilbing, University of Miinster,
Department of Chemistry and Pharmacy, Institute for Didactics of Chemistry, Fliednerstrasse 21, D-
48149 Muenster, Germany, Fax: ++49 251 83 383 13, e-mail: hilbinc@uni-muenster.de
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APPENDIX: ILLUSTRATION OF CATEGORIES

1. Category: Environmental pollution

"Acid rain" painted by agirl without experience in chemistry lessons.

2. Category: Animal experiments

"Animal experiments' painted by a girl being taught in chemistry lessons for '/, a year.
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3. Category: Laboratory

"Lab 1998" painted by agirl without experience in chemistry lessons.

4: "Lab 1983" painted in 1983.
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5: Category: Everyday life
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"Medicament” painted by agirl being taught in chemistry lessons for 2 years.

6. Category: Specialised knowledge

"Detonating gas experiment” painted by a boy being taught in chemistry lessons for 2 years.
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7. "prosand cons' painted by a girl being taught in chemistry lessons for 2 years.
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