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PREFACE 

9 

This volume includes a selection of the contributions presented in the III 
Conference of European Researchers in Didactic of Biology (ERIDOB), 
held in Santiago de Compostela from September 27th through October 1 st , 

2000. The conference was organised by the Depa1iment of Didáctica das 
Ciencias Experimentais of the University of Santiago. 
ERIDOB intends to provide a forum for reflection and exchange among 
researchers in didactic of biology in the European context. lt \Vas born in 
Kiel, Germany, in November 1996, where the first conference took place 
and continued in the second conference held in Goteborg, Sweden, in 1998. 
The need for such a forum, providing the opportunity of building networks, 
common projects and, in summary, a community of scholars involved in 
research on biology learning and biology teaching, is a commonplace about 
biology educators. Clearly, although there are many concerns and rcscarch 
issues shared \vith other science education colleagues, there are pa1iicular 
tapies and problems which deserve a place devoted to them. Ali sciences 
have experienced great changes in the last decades of the XX century, but 
perhaps biology research has experienced the most dramatic ones: the 
question of how these changes reach the school, and the public, is of great 
interest. The connections among science and society are surfacing , for 
instance in papers related to teaching biotechnology and genetics. 
The contributions are grouped in four sections, devoted to learning biology, 
teaching biology, reasoning and environmental education, although many 
papers deal with severa! strands at a time. Learning biology includes nine 
contributions, three of them (Bandiera & di Maceo, Bayrhuber & Schletter 
and Camino et al) about broad cross-tapie issues, four (Baalmann & 
Kattmann, Hammelev, Knippels et al, and Wallin et al) about different 
aspects of learning genetics and / or evolution and two (Muñoz & Puigcervcr 
and Reiss & Tunniclife) on understanding about biological systems. Sorne of 
these tapies are connected with the second section, Teaching biology, which 
includes seven contributions, three of them about models (Boulter & 
Buckley, Gándara et al and Selles et al), three about teaching ecology and 
biodiversity in different contexts (Hammann & Bayrhuber, Helldén and 
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Magro et al) and one (Prechtl et al) about computer-based environments. The 
second section, Reasoning, is an emerging strand in educational research and 
includes seven contributions, three of them about students' argumentation 
(Díaz & Jiménez, Ho~le & Bayrhuber and Simonneaux), two about 
classroom discourse (Pereiro & Jiménez and Sóñora et al) , one about 
instructional strategies (Colucci et al) and one about written discourse 
(Tamayo & Sanmartí). The fourth section, Environmental Education, could 
be broader, taking into account that severa! contributions in the previous 
sections <leal also with it; it includes four contributions, which report about 
gender differences in environmental knowledge (Bogeholz), connections 
among environmental and health education (Brinkman), comparison 
between turkísh abd german teachers (Erten et al) and environmental 
behaviour (Lude). 
All of the contributions represent research coming from seven European 
countries as well as from across the Atlantic (Brasil). Santiago de 
Compostela is proud to provide the environment for the exchange and 
contribute with its ancient role as a meeting point for different European 
cultures and thinkíng. 
The conference was possible, first because of the scholars participating in it, 
but we want to thank also the scientific committee which selected the papers 
and suggested ways to improve them, to Adela Vázquez and Christine 
Francis who worked alongside the editors in the organisation, and to the 
sponsors, Xunta de Galicia-Secretaría Xeral de Investigación, Universidade 
de Santiago de Compostela-Vicerrectorado de Investigación and the Faculty 
of Education of the USC. 

Santiago de Compostela, september 2001 

l. García-Rodeja, J. Díaz, U. Harms and M. P. Jiménez 



Section One: LEARNING BIOLOGY 



l 'mceerli11g1 11/'1/,e 111 Co11/áe11cl! u/E11roprn11 lfr.1e11rcliers i11 Didac1ic o/'Biologr. 
Seplemlwr l í 1/i- Ouobafsl :!000. S11111iago de Com¡wste/11 (Spai11), pf!. 13-:!5 

TO\VARDS A BETTER UNDERSTANDING OF GE::\ETICS AND 
EVOLUTION - RESEARCH IN STUDENTS' CO~CEPTIONS 

LEADS TO A RE-ARRANGE:YIE~T OF TEACHING BIOLOGY 

Wilfried Baalmann & Ulrich Kattmann 
Car! von Ossietzky University of Oldenburg, Germany 

1 Instructional problcms 
Is genetical knowledge a prerequisite for understanding evolution? Or does 
an cvolutionary frame provide a better understanding of genetic 
phenomcna? The difficulties in undcrstanding genetics ami evolution are 
documcnted by severa! investigations (e. g. Clough & Wood-Robinso n, 
1985; Stewart, 1988; Jiménez Aleixandre, 1992; Venvil, 1996; Bishop & 
Anderson, 1990; Lev>'ÍS & Wood-Robinson, 2000; Knippels, Waarlo & 
Boersrna 2000). Furthermore there is no evidence that genetics may help 
the students to learn evolution more easily. Students hardly make use o f 
what they learned in genetic lessons when they study topics of evolution. 
On the other side especially Mendelian genetics lead to a more formal 
and thus static understanding of hereditary rules. 
These observations mise the question, how the conceptions in the t wo 
dornains of genetics and evolution are interconnected in the mental 
framcwork of the students . Recent studies in cognitive psychology back 
the approach by which students' conceptions can be treated as irnplicit 
theorics. ln general irnplicit th eories are consistent ami cohcrent, but 
lirnitcd in extent and thus possibly incongruous with those of other 
topics. Therefore implicit theories are domain specific (cf. l-lirschfeld & 
Gel man, 1994). 
In our research concerning students' conceptions we tried to ans\ver t he 
questions (among othcrs) \Vhat sort of conceptions the students develop 
ami use in genctical contexts ancl how these conceptions are related to 
thosc developed in cvolutionary contexts. The rcsults should lead to a 
bettcr undcrstanding of students' difficulties and consequently to a more 
adequatc arrangeme nt of genctics and cvolution in the course of biology 
instruction. 

2 Rcscarch modcl and methods - Educational Reconstrnction 
2.1 Componcnts of rcsearch 
ln thc rnodel of Educational Reconstruction students' conccptions are 
rclatcd to scientific conceptions systematically. Within this approach 
research in different fields of biology education is recently carried out. 
The intimare interplay betwccn clarification of science subject matter 
structurc and invcstigation of students' perspectives is the kernel of thc 
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model (cf. Kattmann, Duit & GropengieJ3er, 1998; Kattmann et al., 
1997). Investigations of students' perspectives should comprise issues of 
possible instruction of the science content in question. Therefore a third 
component is explicitly integrated into the model, namely "construction 
of instruction". The dynamic interrelations between the issues mentioned 
are shown in figure 1. 

Figure 1. Educational Reconstruction: Triplet of components 

Construction 

Scientific ~ll!.'!.11!.'l.----, Comprehension of 
Clarification ,__ ___ _. ....... Students' Perspectives 

The scientific clarification contains the analysis of scientific content 
in order to detect the basic qualitative ideas and their relationships . 
This contribution concerns itself mainly with the empirical 
investigations of students' conceptions. These are conducted to 
answer at least some of the following questions: 
• How are the scientifíc concepts represented in students' perspectives? 
• Which conceptions, i.e., theories, principies, notions and concepts, 

are used by the students? 
• Which perspectives do students have about science itself? 
• How do alternative conceptions of students correspond with scientifíc 

conceptions? 
Students' conceptions and alternative framework in everyday I ife are 
accepted here above ali as a necessary sta1iing point to and even an aid 
for learning and not as an obstruction of scientifíc thought that should be 
removed. 
The construction instruction is based on the feedback from scientific 
clarification and investigations of students' conceptions. 
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The most interesting questions in the reconstruction of science teaching 
are: 

Which opportunities are opened by certain elements of students' 
conceptions or perspectives? 
In which way do clarified scientific conceptions promote or constrain 
learning? 

• Which conceptions of students correspond with scientific conceptions 
in such a way that they can be used for a more adequate and fruitful 
learning? (see section 5.) 

2.2 Methods employed 
Methodologically many previous studies in students' conceptions are 
unsatisfactory in sorne aspects: Most investigations are based on written 
explanation tests and multiple choice questionnaires. Using this method, 
students ' conceptions are difficult to interpret, because a similar 
understanding of ideas of both the student and the investigator is assumed. 
Furthermore, investigators often seem to be more interested in deviations 
from scientific staternents than in understanding the real meaning of 
students' conceptions. 
To avoid those inadequacies, qualitative methods are available. We are 
looking for statements about the structure and quality of conceptions and 
not about quantities in which certain conceptions exist in a population. 
In accordance with this aim the decision was made to use problem centred 
interviews (cf. Mayring, 1990; Gallagher, 1991 ). We decided to conduct 
our investigations outsides the classroom and apart from influences of the 
school environment . Thereby we eliminated the instructional bias which 
can lead to statements of the students that do not represent their 
undcrstanding but only reflect their expectations of what the teacher will 
acccpt as a good answer. Conducting the interviews in a non-school 
cnvironmcnt (e. g. a café) the students articulated ideas we had never 
hcard within the classroom. 
Each interview takcs about 1 hour of time and is characterised by a 
numbcr of features: 
- Thc intcrviews are semi-structured, i. e. there is a rough guideline but 

not a sequence of defined questions. The use of ali interventions is 
ílcxibly oriented on the actions and reactions of the interview partner; 

- thc inte rvicw partncr is asked to answer freely and open-mindedly. No 
answer or reaction of the interview partner is regarded to be wrong ( or 
right), but is supposed to be a valid articulation of her or his personal 
perspect i ve; 

- thc interventions of the interviewer are problem-centred. Thc talk o f 
thc interview circles about these problems. Central tapies will be 
touched several times during one interview. 
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The preparation and interpretation of the interviews follow the method 
of the "qualitative content analysis", which was adapted for educational 
research ( cf. GropengieJ3er, 1997). 
As elements of the students' conceptions we mainly identify notions and 
principies . Notions are elements of conceptions which describe significant 
topics. Principies are fommlated as conceptions that cut across severa! 
notions which have components in common. As they are characterised by 
their explanatory character, we regard them as elements of implicit 
theories. 
In the following presentation sorne edited statements are cited with the 
purpose of illustrating our results (the numbers in brackets give the 
numbers of the lines of the transcript). Please note that the original 
language of students' utterances is German. The translation into the 
English version may be a matter of interpretation. Furthermore one 
should be aware that the statements are particulate examples only and 
that the formulated notions and principies do not derive solely from the 
cited utterances but from of the whole interview by the process of 
interpretation which is described above. 

3 Results 
3.1 Genetic processes as a transfer of gifts and goods 
3.1.1 The transfer of trait bearing particles 
Within the investigations in genetics ( cf. Frerichs, 1999) the investigated 
conceptions refer to the terms heredity, gene, character, hereditary 
disease, genetic load and eugenics. The interviews were conducted with 1 O 
students (grade 8 to 12) of German Grammar Schools. The students with 
grade 8 to 1 O hadn ' t got any instruction in genetics befo re the interviews 
were conducted whereas the students with grade 11 to 12 had been 
introduced to Mendelian genetics as well as to genetics on a molecular 
basis. 
As to the material basis of heredity the notion of »trait bearing particles« 
is characteristic of most of the students: 

»Transfer of trait bearing particles«: The characters are passed on 
from the parents to the offspring by little particles. 

The postulated small particles or genes have the qualities of the 
characters themselves. The students don't draw a clear distinction 
between the genotype and the phenotype. 

3.1.2 The perpetuation of traits and genes 
Part of the interventions in the interviews in the fi eld of genetics was a 
picture of a black and a white gorilla. The reactions of the interview 
partners refer apparently to the transfer of trait bearing particles: 

This is my conception of the origin of the white gorilla: Genes can 
be passed on ahead of a generation. I can, for example, inherit my 
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granJfather's cyes. I assume that the parcnb of thc gorilb ,ven: no 
albinos. But perhaps his grcat-grandfather was an albino, and so his 
genes were handecl clown to hirn. So he camc to his \vhitc für. 
(Alan, 15 years, grade 9, 285 - 295) 

The rcason of the uncommon trait is explaincd through thc pre-cx1stc11cc 
of thc gene. In this perspectivc it is reasonablc that a trait that appear~ 1n 
one generation had to have existed at lcast in one or thc forerunning 
generations. 
The intervie,v partner Allan clearly expresscs the conccpt1011 that traits 
and genes are more or less immutable. Thus a constant bas1s or heredit) is 
postulated: 

Ikredity also occurs in anirnals. Al a fricnd or mine thc rabbih got 
young ones. Because the mother is black and thc fathcr 1s whitc, 
thcre can be at most a ,vhitc rabbit with black spots. Thcrc \\lTC no 
rea I deviations. 1 f there had been a red one arnong thcrn, therc ,muid 
havc becn sorncthing wrong. 
lf a child has brown hair ami the parents don't, this can be thc case 
because the grandparents or one of thc grandparcnts has this h,11r 
colour. That is a hidden trait. If thc parcnts have brown cyes, thc) 
ha\'\~ perhaps the hidden trait for blue cycs which cannot be ~ccn. 
This comes from their parents. 

Thc undcrlying notions can be forrnulated as f'ollov,-s: 
» Trn11s111issio11 o/'prc-existing genes«: // w, 1111co111111011 trnil ª/J/h',1 rs 
in un i11cli1•iclual the correspuncli11g gene 11·as prcse111 111 a /iJm1a 
genera/ion. 
»J liclden trnns111issio11«: Trails can be e.rlemullr im·1sihl<' in a 11 
orgclllism and be handed 011 /O the ne.rl ge11era1io11 c1s hiclclc11 1mi1s. 
T/1ey can then become mani/est in !afer generations. 
>JC011sta111 hereditarv clwrnctcrs«: Uncia 11e11urnl conditio11s gu1cs 
ullll trairs ll'ill 1101 mu/ate. 

Thesc notions dcmonstralc that the predominant pcrspccti\'c 111 thc 
genetical context is thc transfer merely of unchanged hcreditary fcaturc::;. 
The notions fonnulated here are thereforc rcfcrablc lo thc follo\\ ing 
principie: 

J>Pcrpetuution uf' traits C/1/(I genes<(: Tl,e liereclirr o/' lmits cu11 he 
explainecl by !he !ran!>fer o/' 1111changcd features (truits ur genes) 

.fi-0111 one genemtion to the orhcr. 

3.2 Evolution as a purposeful prnccss 
3.2.1 Adaptivc acting 
The stucly on evolution (Baalmann, 1998) focuscd on studcnts' 
pcrspectives of the processes. Thc concepts in question wcrc particul,1rly 
"natural selcction", "aclaptation", "variability", "strugglc f'or c-.:istcncc" 
ami "survival of the fittest". In lhis study 10 stuclents of grade 11 to 13 
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of severa! German Grammar Schools (Gymnasium) were interviewed. 
Statements and explanations of the students predominantly referred to 
the concept of "adaptation". 

When it gets colder, for instance at an ice-age, the animal's body 
realises somehow that it has to economise its energy and warmth, 
and then it happens automatically, that it produces more fur over 
the years. ( Gisela, 18 years, grade 11, 3 1 - 3 6) 

The statements of most of the students share the idea that organisms 
"realise" something about their situation and special needs. The students 
describe this process as "seeing", "insight" or "knowledge" of the 
organisms. This perspective can be formulated as the notion: 

»Adaptive recognition«: Organisms realise - consciously ar not -
that they have to change under given conditions of living, in arder to 
gel adapted. 

This conception could be found repeatedly in most interviews. We do not 
consider the coincidence as insignificant or accidental, but suppose i t 
relies on a general conception which as a mental construction is easily 
available by the students and therefore is looked upon as an element of 
the implicit theory of adaptation of these students . 

3.2.2 Intentional transmutation of genes 
The conception of »adaptive recognition« results almost necessarily in 
the difficulty for the students to explain how cognition can produce 
changes of the phenotype and consequently the genotype. The students 
do see this problem, but they cannot solve it. Yet, they suppose that for 
a permanent change of species these changes have to occur and must be 
heritable. During the interviews sorne of the students developed similar 
explanations of how the »adaptive recognition« gets into the genes. 
An impressive example is the comment of interview partner Gerd on the 
photo of the black and the albinotic Gorilla. His reaction is quite different 
to those expressed by the students in the context of genetics: 

Somehow nature, or rather, the ape must have discovered about 
itself: black is good, and white is bad for me. And therefore I think 
there must be a cognition process at work; for somehow this 
information has to pass into the genes (somehow, somewhere it must 
have entered the genes, must have settled there). And by that it is a 
(unconscious) cognition process, which gets firmly branded and 
migrates into the genes .... There are very many white apes there 
who find out: We ali get eaten (they are an easy prey). Somehow the 
information enters their heads: White is no good for us. The apes 
look around and see: Everything around us is dark, so we must also 
become dark, so as not to stand out so much. An unconscious 
information takes place, which somehow passes into the genes, and 
the next generation will be black. 
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l have tried ali the time cleverly to scale around or to leave out how 
the unconscious information passes into the genes. There is a sm:ill 
gap, because it is difficult. (Gerd, 19 years, grade 12, 538 - 547, 553 -
564, 566 - 571) 

Gerd apparently is aware of the difficulty in his conception of 
transmutation, but he is convinced that thc mutation has to be the 
consequence of the insight that adaptation is necessary. I--/is conception 
of the causes of evolutionary change are the direct outflow of the 
principie of "adaptive recognition". The process of mutation is rhcrcforc 
looked upon as to be analogous to cognition (and learning): 

»Cognirion-like mutarion«: The recog11itio11 o/ rhe udapra1iu11 
needed passes into a11CI is fixed in the genetic material. 

The evolutionary change by intention is also predominan! in thc 
conceptions of other students, but the genetical change is not caused by 
recognition but by some physiological reaction of the body: 

Somehow this genetic material had to change in the peppered moth 
if the whole phenotype changes. That means that somehow the body 
rnakcs thc gcnetic material change, and in thc ncxt gencration it is 
somehow different. And that goes on and on. 
lf this chernical stuff is always there, thc bacteria devclop sornething 
that rnakes the genctic information change. The genetic information 
changes because the stuff is always therc and the b8ctcria noticc that 
they \vill die if they do not learn to defend thcmselves. (Giscla, 1 8 
years, grade 11, 40 - 44, 501 - 507, 605 - 619) 

This can be formulated as the notion: 
»Experience-induced 11111/ation«: When urganisllls realise th<! 
11ecessi(1· e~( change, the body induces an adapti1·e clwnge wirhin 1/ie 
genetic material. 

Common to both notions is the opinion that the transrnutation of 
organisms is causcd by an intentional alteration of thc genctic material. 
The notions are referable to the principie: 

»f11te111io11a! transmuration«: The ge11etic material is altered br the 
organislll or rhe bocly ll'ith rhe inrent al ac!aptation. 

4 Synopsis of studcnts' conccptions 
The principies concerning genetical change are dornain-specific: ln thc 
dorna in of evolution the princi ple of »i nten t iona I transrn u ta t ion« 
determines the thinking to a great deal; in the domain ol' genctics it is the 
principie of »perpetuation of traits and genes<<. In thc field of genetics 
hardly any idea of genetic change is expressed. On the contrary, genes Z!rc 
mcrcly undcrstood as constant entities, while mutations are interprcted as 
exceptional and harmful accidents. 
During the interviews in the fíele! of evolution the students detected :i link 
betwecn adaptation and genetics by thernselves and sorne of them 
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articulated the difficulties clearly. All of them passed through a genetics 
course. Nevertheless none of them had any genetically based idea how the 
change of the phenotype may depend on a change of the genotype. lt is 
obvious that the concept of mutation is strongly affected by the 
evolutionary context instead: The genetical concepts are reinterpreted by 
the students to support the intentional conceptions of adaptation. 
In both of the domains the alternative conceptions seem to be deep
rooted in the mental framework of the students by every day experience: 
The intentional acting for a goal to be reached is experienced essentially 
in early childhood and corresponds to the personal experience of the 
students, who themselves act as purposeful subjects. The transfer of goods 
is known from "giving and getting" gifts and goods and probably from 
heirlooms got from the grandparents. A characteristic of passing 
heirlooms through the generations is that they are thought to be the 
same, nearly unchangeable and so are genes and traits (in students' 
perspectives). Thus these every day conceptions, which are familiar to 
the students, serve to explain the abstract and invisible processes of 
evolutionary change and heredity. 
The imprinting power of every day experience may be responsible for 
the resistance of students' preconceptions towards a conceptual change to 
scientific perspectives, which is repotied by many recent investigations. 

5 A new chance for conceptual change 
To regard one's own conceptions as unsatisfactory is pointed out by 
Posner et al. (1982, 14) as the first condition for a conceptual change. 
Consequently many educators suggest a confrontation of the every day 
conceptions with the scientific ones. Although students' conceptions are 
no longer treated as misconceptions, nevertheless this approach aims at 
devaluation of the preconceptions by demonstrating the plausibility and 
fruitfulness of the scientific conceptions ( cf. Driver, 1989; Hashweh, 
1996). Sorne educators are aware of the possibility of using 
preconceptions not only as a starting point but as a basis of further 
learning, which refers to those elements which fit into the scientific 
framework (cf. Scott, Asoko & Driver, 1992; Duit 1994). Within the 
model of Educational Reconstruction this approach is strengthened by 
the results of scientific clarification, which in many cases reveal 
congruities and correspondences between scientific and students' 
conceptions that had not been imagined before. Sometimes students' 
perspective have their own right even in the light of scientific findings 
and theories. The range of valuable usage may be even larger in every day 
conceptions than in the scientific versions. 
By mutual and contrasting comparison of students' notions and scientific 
ones we were able to describe five types of treatment for conceptual 
change: 



Towards a berter 1111derslandi11g of generics and evo/111io11 
Baalmann, W. & Kat1ma1111, U. 

similarities and congruities as link:s of understanding; 
contrasting of incompatibilities; 

21 

circumventing incompatibilities by avoiding scientifically inadequate 
conceptions through the instructional path before the scientific 
conception is learnt; 

arranging the conceptions into a more extensive range of context; 
mutual reinterpretation of scientific and students' conceptions (for 

details see Baalmann, Frerichs & Illner, 1998). 
The identification of domain specific principles leads us to another 
chance for conceptual change: 

contrasting domain-specific elements of students' conceptions. 
In this treatment students' conceptions are not confronted with the 
scientific ones but with differing conceptions of their own (see table 1 ). 

Table 1: Corresponding conceptions 

evolution 2:enetics 
students' conceotions 

»adapti ve recognition« »transfer of trait bearing particlcs« 
»cognition-like mutation« »transmission of ore-existing genes« 
»experience-induced mutations« »constant hereditarv characters« 
»INTENTIONAL TRANSMUTA TION« »PERPETUA TION OF GENES« 

scientificallv adeQuate conceptions 
adaptation by sclcction transfer of genes 
gcnetic diversity mutation 

Scientifically clarified conceptions are only the background of the area 
where the conflicting conceptions are brought together. 
The arising cognitive conflict between the domain specific conceptions is 
the precondition for choosing and modifying one's own conceptions. It is 
supposed that it is easier to choose between conceptions one is familiar 
with than to develop or assimilate entirely new or strange ones. As a 
consequence of our findings we propose that the teaching of genetics and 
evolution should not be taught one after another but in an integrated 
manner. It is the task of biology instruction to combine the topics in 
order to bring the principies and notions of the two domains in touch 
with one another. Thereby students can be encouraged to combine and 
reflect their conceptions on both domains consequently and reach an 
adequate understanding of genetic transfer and evolutionary change. 
Accordingly the most promising way of bringing the domains together is 
to teach genetics in the context of evolution. 
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As one example of combining genetics and evolution the first draft of a 
unit on the "peppered moth" is given in table 2. 

Table 2: Draft of an instructional unit 

Teaching Genetics in the Context of Evolution 
The Case ofthe Peppered Moth 

Proposed sequence of lessons (grade l O) 

1.1 History: When the dark moth appeared 
1.2Reasons for becoming dark 

Expression of conceptions and development of hypotheses by thc students 
1.3 The concepts of genes and mutation 

Production of melanin 
Regulation of melanin production by a catalysing enzyme 
The relation between genes and enzymes 

1.4 The heredity of light and dark 
Crossing light and dark moths : Mendelian rules 
Dominant and recessive traits 

1.SCauses of becoming dark 
Reflection of the conceptions articulated and comparison with the scientific 
explanations learnt 

2.1 History: When the number of dark moths increased 
Rarity of the dark form before 1900 in spite of genetical dominancc 
Phenomenon of industrial melanism in the peppered moth 

2.2 Reasons for becoming frequent 
Express ion of conceptions and development of hypotheses by the students 

2.3 Selection 
Scientific observations and simulation game 

2.4 Variation within a species 
Frequencies of light and dark moths in different populations 

2.SCauses of becoming frequent 
Reflection of the conceptions articulated and comparison with the scientific 
explanations leamt. Evaluation of the learning process 

Compared with the traditional sequence, the majar changes connected 
with this approach concern the genetic understanding of the mutation to 
the dark form and the combination of Mendelian genetics of the traits 
"light" and "dark" with the concepts of population and variability. Thus, 
on the one hand genetics is explicitly present in teaching the 
evolutionary process of "becoming dark". On the other hand the 
schematism of Mendelian genetics is avoided and evolution is present in 
the beginnings of understanding genetics, where it was completely absent 
befare. 
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In co-operation with teachers this teaching unit will be developed further 
and evaluated in school. A draft version was taught in one class in a 
grammar school (cf. Baalmann & Kattmann, 2000). The results of this 
pilot study are encouraging. Especially the effects of the phases 1.2/2 .2 
and 1.5/2.5 in which the conceptions of the students are articulated and 
reflected, give insight into the learning processes which took place during 
the instruction. In phase 1.2 the notions of »pre-existing genes« ( or 
traits) and »hidden transfer« were predominant. In phase 2.2 with only 
few exceptions the notion of »adaptive recogmtwn« frequently 
articulated in previous studies was absent. Probably as an effect of the 
genetic knowledge leamt, the students expressed nearly with one accord 
that a high mutation rate was directly (but not intentionally) induced by 
the environmental change. Accordingly the argumentation was not 
teleological but causal. This may be a way to circumvent the notion 
«adaptive recognition». Nevertheless we feel that - for sustainable 
learning - the contradictory domain specific conceptions of the students 
need to be confronted. But to avoid it in the first place opens up the 
chance that the students will reflect these notions after the concept o f 
selection is learnt. On this learning path the concept of selection can 
serve as a scientific anchor against teleological and intentional irritations. 
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"THROUGH THE WINOPIPE ANO INTESTINE OOWN INTO THE 
STOMACH ... ": ATTITUDE ANO COMPETENCE OF 

PROSPECTIVE PRIMARY SCHOOL TEACHERS 

Abstract 

Milena Bandiera & Valentina di Maceo 
"Roma Tre" University 

This investigation regards one of the laboratory activities carried out by 
students enrolled in the degree programme in primary school teaching , 
which specifically concern the leve! of their scientific literacy -
correlated with that of visual literacy - al the beginning of the University 
studies. Three tasks in the relative labsheets challenge th e use 
(understanding and production) of graphic language: both virtual and 
actual comparison of drawings with rea l objects , virtual comparison 
betvveen represented objects, autonomous elaboration of anatornical 
sections as they can be derived from three dimension al rnodels and 
perspective images in the textbooks. The future teachers show th at they 
have at their disposal very few pieces of scientific knowledge, display 
scarce training in reasoning about them; and, as far as the use of 
iconographic language is concerned, they neither require nor perceive the 
correspondence between a drawn image and the real object it represents . 

1 Institutional and academical context 
In 1998 ltalian Universities, for the first time , dealt with primary school 
initial teacher training. Up until then these teachers went directly from a 
specific secondary school preparatory lnstitute (lstituto Magistrale) to 
profess ional engagement. 
Now a four-year degree is required first. Therefore, in the academic ycars 
199 8/99 and 1999/2000, in the classrooms of "Roma Tre" University 
nearly 400 students coming from the Istituto Magistrale as well as those 
coming frorn the psycho-pedagogical stream of the lyceum met, having 
in common their total, generalised inexperience in science. Moreover, 
their choice of University studies was, more than anything, child-oriented 
and specifically science-independent, if not exclusive. 
Primary school teachers who, in any case , will assume a field preferencc 
in their professional activity , rnay however find thern se lves in thc 
position of teaching all subjects . For this reason, a course limitcd to only 
60 classrooms hours and 20 in the laboratory has been designed in the 
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service of science literacy. In this time the students are expected to 
acquire an adequate working knowledge in Biology, Chemistry, Geology 
and Physics. It is absurd to imagine, however, in such a short period, even 
time enciugh to introduce each one of those subjects. 
This being the situation and having been entrusted with the planning of 
scientific education, we judged not only opportune but necessary the 
design of adequate methods and strategies for study, for thorough 
knowledge acquisition (guided by the teacher and autonomous), for 
labwork (as a way of cognitive interaction with natural objects and 
events) 1

, and the adoption of ad hoc teaching methodo]ogies with two 
main aims: to help students assume ( or, at least, experience) an 
experimental attitude and to explore their actual leve! of competence in 
the fields of study and the most diffuse mechanisms for knowledge 
organisation and learning. 
We referred to a basic constructi vis tic theoretical frame while we were 
choosing sorne necessary features of the teaching and research project, 
and to the awareness that the teaching of science (style and subjects) in 
primary school influences children's interest and, presumably, 
achievement in science (Craig & Ayres, 1988). The devised activities 
testify to the conviction that basic knowledge in science has something 
to do with the understanding of evidence (Gott & Duggan, 1996) and, 
preliminarily, with the focusing, the recognition, the singling out, of 
elementary and every-day natural objects and events. Consistently 
preferred were those content-transcendent goals which have, for sorne 
time, been the object of consideration in the fields bordering on science 
and cognitive psychology: reflective thought (Dewey, 1933), 
identification of tac tics and strategies of science ( Conant, 194 7), 
capabilities, meaning how to observe, how to figure, how to measure, how 
to orient things in space, how to describe, how to classify objects and 
events, how to infer, and how to make conceptual models (Gagné, 1963), 
open-mindedness (Moore, 1982), learning about scientific knowledge 
(Duschl, 1990), the creation of epistemic distance between prospective 
students and science (N orris, 1997). 
In practise, amusing problems and quizzes were introduced into the 
lessons in order to stimulate discussion between teacher and (sorne) 
students, and after the lessons home readings assigned accompanied by a 
printed guide. A problematic approach to labwork was adopted with the 
help of labsheets in order to encourage peer interaction and minimise 
intervention on the part of the teacher. 
Given that educational prevailed over informative objectives, assessment 
was carried out mainly by focusing on the words the students used and the 
way they reasoned 
a) when they were engaged in paraphrasing scientific texts, 
b) when they talked about natural phenomena, 
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c) when they described and explained materials, methods and results 
concerning labwork. 

This approach, in principie, would allow exploration both of the efficacy 
of the training and of the students' competence. The present analysis is 
limited to one of the fifteen "labworks", which concerns the reading and 
production of figures. 

2 Scientific knowledge from and into figures 
Whoever studies Biology should wonder, along with Al ice" ... what is the 
use of a book without pictures ... ?" (Carral, 1865) The endowment of 
Biology textbooks with figures not only influences their attractiveness , 
but enhances learning (Reid, 1990 a and 1990b ), given that the students 
have so-called "visual literacy" (Goldsmith, 1984 and Kress & van 
Leeuwen, 1990) or "graphical literacy" (Fry, 1981 ). Frorn an educational 
point of view an appropriate fruition of the, also necessary, figures 
requires the fulfilling of sorne basic conditions : in the textbook, the 
adoption of an adequate iconographic language to communicate relevant 
and meaningful information (Kearsey & Turner, 1999) and the presence 
of systematic and convenient links between pictures and written text 
(Harrison, 1980, Wright, 1981); the teachers, on the other hand , must 
concern themselves with students' gradual and careful training in 
interpreting (Bluth, 1981). 
Reading and interpretation of the representations in Biology figures 
encounter inherent problems such as the three-dimensional structure of 
the objects depicted, the selection of details with reference to a particular 
context, the uniqueness (emblematicness or representativeness) of the 
depicted shapes (Constable, Campbell and Brown, 1988). But they also 
come up against more general learning obstacles, considering that part of 
assumed information comes through the senses from the obj ect befare us 
(null or poor information if we are disinterested or unmotivated), another 
part (and perhaps the larger part) always comes out of the mind (rational 
thinking, imagination or prejudice). This is the reason why the neglect in 
science classrooms of visual-spatial thinking has been considered as a 
majar obstacle to scientific creativity and communication. (Mathewson, 
1998) 
According to J.H. Mathewson (1998) visual-spatial thinking includes 
vision - using the eyes to identify, locate, and think about objects and 
ourselves in the world, and imagery - the formation , inspection , 
transformation, and maintenance of image in the "mind's eye" in the 
absence of a visual stimulus. This definition has been the inspiration for 
one of the laboratory activities proposed to the prospective teachers, 
which at the same time tests and exercises their capacity to glean 
information from the representation of an object in section and to 
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communicate their knowledge by means of the representation of an 
object in section. 
The choice of presenting precisely this activity takes into account the 
important role with respect to learning which, in primary school where 
these students are destined to teach one day, is played by the figures . 

3 Research design and methodology 
The labwork 
Students were asked to engage collaboratively: from four to seven 
students were seated around a table were they found sorne pieces of fruit 
(apples, aubergines, bananas , cucumbers , kiwis, lemons, oranges, pears, 
peppers , tomatoes , zucchini) knives and dishes. Each student received 
three sheets: an instruction sheet (see appendix), a sheet for making 
drawings and inserting the information required ( to be completed 
individually and handed in at the end of the task), and a sheet with two 
figures : a sagittal section of the human head anda typical anatomical 
model of the human trunk. During two and a half hours of work the 
students were encouraged to discuss the task amongst themselves while 
the teachers restricted themselves to supplying procedural information 
only, as well as on the labsheet text. Having completed the activity , the 
students had to hand in the sheet with the drawings and answers and to 
keep the sheets with instructions and figures in arder to be able to repeat 
the task, while filling in eventual methodological and content-related 
gaps. 

The survey 
The objectives of this specific investigation, which dictated the labwork 
set-up and the investigation itself, were the definition of the level of 
mastery of the iconographic language of pros pee ti ve primary school 
teachers, the identification of their problems with regard to reading and 
production by means of such a language, and the assessment of their 
content specific knowledge ( elements of vegeta ble and human anatomy) 
as students enrolled in a degree programme in primary school teaching 
(Corso di laurea in Scienze della formazione primaria) . To this end, an 
analysis was made of the three sections on the labsheets handed in by one 
hundred students: the fruit section ( comprehension of the task, 
production using iconographic language, content-knowledge), the head 
section (reading of iconographic language, content knowledge) , the trunk 
section (production using iconographic language, content knowledge ). 
Students - different from the completers of labsheets - were interviewed 
with the aim of validating interpretation of ambiguities in drawings and 
answers, and providing further insights into their visual literacy. 
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The collected data are presented in table 1. Ninety-six out of one hundred 
students who dealt with the task chose fruit varieties that they were used 
to handling, while they ignored "vegetable" fruits ( except for a few who 
chose tomatoes). 
They substantially drew verisimilar shapes: oranges and lemons (and 
tomatoes) are recognisable, pomes and bananas are nearly recognisable; 
representations of kiwis seems to be more problematic . One drawing out 
of three does not respect the correspondence between cross-wise and 
length-wise sections. Details identified by the drawers themselves as being 
present both in the fruit and in the drawing are more numerous than 
details verified as absent in drawings. More than one hundred details have 
to be considered as irrelevant (e.g. "the number of seeds actually seen in 
our fruit", "the shape", "the identification of both peel and pulp") and 
some definitions as incomprehensible (e.g. "typology and arrangement of 
veins", "seeds around the nucleus", "the inner stem"). 

Table 1. Analysis of one hundred labsheets (two hundred sections of 
fruits), taking into account meaningful features from the point 
of view of graphic, observational and botanical competence. 
Absolute frequencies are presented. (o: orange, I: lemon, a : 
apple, p: pear, b: banana, k: kiwi, t: tomato) 

fruits esperidia pornes tot 
o I a p b k t 

labshcets 6 27 33 24 8 32 9 22 4 100 
correct sections 12 54 66 46 16 62 16 41 8 193 
coherence between 6 26 32 17 4 21 o 11 3 67 
the two sections 
correct shape 6 27 33 21 4 25 4 8 4 74 
"corresponding" 37 109 145 100 30 130 43 80 19 417 
details identified 
"missing" details 23 81 104 70 36 106 39 65 18 332 
identifíed 
irrelevant details 10 21 31 18 21 39 26 9 o 105 
incomprehensible 1 1 2 I o 1 3 o 7 10 
details 
botanical words 6 19 25 29 8 37 o 19 7 88 
relevant details in 3 25 28 18 4 22 7 9 4 70 
sections: stern 

corolla 19 4 23 4 5 4 
seeds 2 14 16 24 8 32 20 4 

exact symrnetry 5 o 5 o 4 
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From the disciplinary point of view, language seems to be nearer to the 
familiar than to the scientific: e.g. "apple core" (it. torso/o), "halo 
around the seeds", "difference between zones in the fruit". The 88 so
called botanical words include "seeds" (no. 56) and "stem" (it. picciolo, 
no. 20) and totally exclude, even if commonly used in school language, 
words like "organ", "ti ssue", "flower" or "ovary" . Other, less familiar, 
words and expressions ( e.g. "vascular bundles", "mesocarp" or "pallen 
tube") which are undoubtedly taught at school, are absent, and obviously 
their appearance was not expected. Structural symmetry (5-based in 
pomes and 3-based in bananas) is usually ignored. 

Sagittal section of human head 
Ten details were pointed out in section presented. While on the whole 
more than forty per cent of the students failed to make correct 
identifications (table 2), three levels can be distinguished in terms of the 
quality and entity of identification: high (cerebellum, spinal cord), middle 
(vertebral body, spinous process, tangue, mandibular bone, tooth) and low 
(great commissure, cervical mu sel e, epiglottis) which respecti vely 
correspond to nearly total, half and rare identification. 

Table 2. Analysis of one hundred labsheets (sagittal section of human 
head), taking into account the quality of the identification of 
the elements pointed out. Absolute frequencies are presented. 

exactness genericness wrongness none 
great commissure o 7 70 23 
cerebellum 100 o o o 
cervical muscle 2 31 44 23 
vertebral body 43 29 21 7 
spinal cord 67 3 24 6 
spmous process 49 41 2 8 
palatine bone, epiglottis o 57 27 16 
tongue 44 1 34 21 
mandibular bone 56 o 30 14 
teeth 58 o 29 13 

total(%) 41,9 16,9 28,1 13,1 

Students interviewed attributed the recog111t10n of cerebellum to its 
frequent mentioning in every- day life ("We know that the cerebellum is 
there because one has to be careful to avoid banging the head from 
behind."); the difficulty concerned with tangue recognition correlates to 
its "unimaginable shape when mouth is shut" and that of mandibular bone 
to its "well known horseshoe-shape". The great commissure is "one of 
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the minor components of brain", so identifications range from "brain" to 
"thalamus", "hypothalamus" or ''hypophysis". The vertebral column is 
indicated as windpipe dueto the perception of "the alternation of dark 
and clear rings" which would correspond to the rnain and spccific fcaturc 
of the windpipe, and the mandible as salivary gland , dueto its pos ition 
under the teeth. 

Cross-section of human trunk 
Ninety-four students choose to draw the section at the leve! of thc heart 
(leve] A) . As far as heart, lungs, vertebral column and rib cage are 
concerned, their absence in nearly one tenth of the drawings (table 3) ha s 
to be underlined. Not less surprising is the absence of the skin and 
subcutaneous !ayer, the oesophagus and breast-bone in one half of' 
drawings, and that, almost systematic, of the skeletal musculaturc . Too 
frequenl to be ignored is the presence (at leve! A) of' the windpipc , the 
coplanar, ring-shaped ribs and the position, totally inside or outsidc the 
rib cage, of the vertebral column. 

Table 3. Analysis of ninety-four labsheets (cross section of' human trunk 
at the leve! of the heart), taking into account meaningful 
features from the point of view of graphic and analornic 
competence. Absolute frequencies are presented. 

labshccts 100 
scction leve! A (concemed in analysis be/011 •) 94 

B (below the diaphragm) 1 
C (below the pelvis) 5 

rcprcsentcd objects heart 93 
lungs 94 
vc1icbral colurnn 81 
rib cagc 90 
brcast-bone 46 
skin and subcutaneous !ayer 64 
ocsophagus 48 
skcletal musculature 11 

ambiguitics, crrors windpipc (prcsencc) 18 
coplanar ancl continuous ribs 13 
colurnn inside or outsidc thc cagc 12 
rnicroscopic elcmcnts (rcpresentcd) 42 

graphic plan convenicnt util isation of spacc 61 
rcasonable arrangemcnt of clcmcnts 5 
presencc of empty spaccs 37 
"island" arrangement 18 
"archipelago" arrangemcnt 33 
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Moreover, as far as the use of iconographic language is concerned, one 
out of three students tended to draw a very small section which occupied 
less than one fourth of the available space. 
Inside the sections tissues and organs - in various ways connected to each 
other - float in empty space or face each other across empty distances. 
This aspect was easily accepted by many of the interviewed students, due 
to the common belief that broad spaces between organs are needed in 
order to contain liquids (e.g. pleural fluid) and air. Only five sections 
present an acceptable contiguity among the anatomical elements 
considered. 
One student out of two thought microscopic details ( capillaries, 
bronchioles or pulmonary alveolus) could be represented in a section 
reduced to these dimensions. 

5 Discussion 
This study regards the work done by one hundred students (prospective 
primary school teachers), specifically concerning the degree of their 
scientific literacy, which is meant to correlate with that of graphic, visual 
literacy. 
Taking into account the specificity of the task, the easy , unhesitating 
willingness of the students to draw must be foregrounded. 

Scientific Iiteracy 
As far as knowledge is concerned, the analysis of students' drawings and 
explanations about fruits and human anatomy confirms a well
documented, serious limitation (Ginns & Watters, 1995; McNamara, 
1991; Yates & Goodrom, 1990). They seem not to be able either to 
distinguish and name structures and components in fruíts which are 
significant from a botanical point of view, or to focus on relevant 
features even if they have the fruit before their very eyes. They use 
almost exclusively a common, non scientific, language and show clearly 
that they actually refer and, if possible, make an effort to refer to their 
direct, every-day life experience of fruit. No memories emerge of their 
school experience consisting of "learning about" the subject: no 
information, no figures, no schemes, which are systematically present in 
secondary school textbooks . 
The recognition of elements and organs in a human head sagittal section, 
which is obviously less affected by every-day life experience, puts in 
evidence the storage in the students mind of rote learned objects and 
relative essential features, which they seem to be trying to introduce into 
the representation. 
A single object can be considered well-known since students looked for 
and correctly found it: the cerebellum. A few relevant elements appear 
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quite familiar since they were identified in the correct place with a 
correct, scientific word (e.g., the spinal cord). Many words corresponding 
to objects with approximate features and locations (e.g., the hypophysis) 
account for the scarce appeal of the correct, rich (maybe redundant) 
information in textbooks which all present figures similar to that in the 
labsheet: sagittal sections both of the brain (photograph or drawing) and 
of the head (NMR image). 
Three main data can be drawn from the human trunk secrions. Firstly , 
lungs and heart (large, complete organs, tidily arranged and well visible in 
the figure of the anatomical model) are quite always present in the 
drawings, as well as the vertebral column and the rib cage (which are not 
visible in the model): four pillars of the basic, shared knowledge of human 
anatomy. Secondly, though in textbooks the subject is usually trcatcd as a 
sum of separate systems or apparatuses, these are not checked in order to 
reconstruct the arrangement of elements in the trunk: one out of three 
students leaves out the integurnentary system, one out of two students 
leaves out the digestive apparatus, eight out of nine students lea ve out the 
muscular-skeletal system. Students seem not to have recalled images from 
textbooks nor to have thought of getting sorne suggestions by touching 
and exploring their own bodies. 
Finally, once again, inforrnation collected in students minds secms to 
have been forced into the drawings (e.g., the microscopic elements). 
In summary, these future teachers show that they have at their disposal 
very few pieces of knowledge, display scarce training in reasoning about 
them and, to all appearances, that they are living in two separatc worlds: 
a real one where objects and events cannot be regarded as "scientific", 
and a second one which is created at school, where "real" expericnce is 
banished by definition. 

Visual literacy 
The three tasks in the labsheets share sorne general aspects concerning 
the use (understanding and production) of graphic language; they differ in 
that the first one rnainly asks for both a virtual andan actual comparison 
of drawings with real objects, the second one asks for a virtual 
comparison with represented objects (in secondary school scicnce 
textbooks), the third one asks for an autonomous elaboration of related 
represented objects (the in perspective-image of anatomical model and 
many in-perspective images of single apparata in the textbooks). 
As far as general aspects are concerned , frequency and weight of technical 
remarks support the hypothesis of an uncultivated competence: naive 
organisation of known components of well known fruits (fig. 1: a, b, e, d, 
e.e), incoherence of the orthogonal representation of the same 
detail/object (fig. 1: e and f), inadequate dimensional ratio among organs 
in the same trunk section (fig. 1: i), inadequate relation, on the whole, 
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between the cross-section of the trunk and its representation m 
perspective, the anatomical model (fig. 1: i, !). 

Figure 1. Sorne emblematic examples of students' drawings. 
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cross-wise sections: graphic plan 

The ability to correlate details of the object with s1gns 111 its 
representation is illustrated mainly by means of fruit sections that 
highlight less or more unforeseeable forms of blindness both in the 
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oddness of drawings (fig. l: b, g) and in the poor ( difficult) recognition of 
relevant missing details (such as thickness of esperidia mesocarp, 
chambers and endocarp of pome seeds, banana symmetry) when 
comparing the drawn drawing and the corresponding cut fruit. 
The ability to "read" information about objects in figures is mainly 
documented by the worrying results of the second task, which indicate 
that students, when studying, do not take advantage of the textbook 
iconographic offerings and when engaged in interpretation of figures, do 
not point out meaningful and leading signs (colour intensity, shading, 
forms "altered" dueto the section). Instead, they seem to invest the 
figure with their "verbal" knowledge. 
The main characteristic of the human trunk sections is the singular way 
of arranging the drawn elements which in general appear separated by 
empty spaces (fig. l: m), clustered, in the form of an "islancl" (fig. 1: n), 
or scattered in the form of an "archipelago" (fig. l: i). This characteristic 
legitimates the hypothesis that correspondence bet\veen drawn image ancl 
real object is neither requirecl nor perceived. 

How do we train them? 
ln recent years it has gradually become clear the notion that primary 
school teachers tend to feel least qualified when teaching science 
( Berenson, et al, 1991) and to relate science teaching (in )efficacy to i ts 
inherent anxiety (Czerniak & Schriver, 1994 ). 
It is time to take their problems (and the dedicated research) into 
consideration in the light of two conflicting facts: they cannot teach 
what they do not master ancl the knowledge they should master is 
excessively broad. Moreover, in the field of experimental scicnce, note 
must be taken of some reassuring evidence: in western countries qualifiecl 
science teachers maintain their worldview opened to magic, mysteric, 
religious and, in any case, pseudoscientific or irrational referents 
(Bandiera, et al, 1999). As a consequence the weight of both 
encyclopaedic scientific knowledge and compulsory scientific thought is 
less. 
Therefore, primary school teacher initial training should essentially build 
awareness (e.g., which subjects one knows and which onc does not know; 
how one's own belief mediates explanations, actions and learning; when a 
scientific thought or procedure is adopted, has to be adopted, can - in all 
the meanings of the word - be adopted) and attitude (e.g., learning from 
experience and experiencing what has been learnt; founding explanation 
on observation andona previous description; looking for and comparing 
different points of view of an object or event, and clifferent rational 
approaches). 
To this end, primary and secondary schools should contribute by means 
of a careful selection of basic, genera ti ve topics in science curricula, and 
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above all by means of an effective enforcement of all the communicative 
tools. As far as biology is concerned visual-spatial tools appear to be 
crucial. 
Each student carried out five of fifteen experimental activities that 
concerned educational actions aimed at the following punctual objectives: 
self-assessment on the understanding of a Science textbook (subject: 
photosynthesis), production and interpretation of sections (subject: 
vegetable and human anatomy), diagnostic utilisation of chemical 
reactions (subject: bone composition), critica] analysis of popular 
cartoons illustrating scientific tapies (subject: fertilisation, intra-uterine 
growth and birth), application of scientific knowledge and "laws" and 
detection of regularities in considered objects/events (subject: heredity, 
pedigree and Mendel's laws), work on a model (subject: variability, natural 
selection and evolution), experimental data interpretation (subject: 
muscular activity, regulation of pulse and breathing rate). 
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Appendix 

Instructions 

l. You have at your disposal several vanet1es of fruit: apples, 
aubergines, bananas, cucumbers, kiwis, lemons, oranges, pears, 
peppers, tomatoes, zucchini. Choose one and imagine cutting 
through it cross-wise. Observe in your imagination the surface of the 
cut, and draw it, including the maximum number of details possible. 

2. Cut the fruit you have chosen and compare your drawing with the 
actual surface of the cut. Identify and note two details that you have 
accurately represented and two details that are missing in your 
drawing ar that do not correspond in number, shape, ar position. 

3. Now imagine cutting another of the same variety of fruit length
wise. Observe in your imagination the surface of the cut and draw it, 
including the maximum number of details possible. 

4. Cut the fruit you have chosen and compare your drawing with the 
actual surface of the cut. Identify and note two details that you have 
accurately represented and two details that are missing in your 
drawing or that do not correspond in number, shape, or position. 

5. Carefully observe the sagittal section of the human head represented 
in the figure. Write on the attached sheet, alongside the 
corresponding number, the names of the elements or organs you 
think you have recognised. 

6. Carefully observe the anatomical model represented in the figure. 
Imagine that you have it at your disposal and that you have cut a 
cross-section at one of the levels indicated. Make a schematic 
drawing of what you expect to see in the section, noting the names 
of the organs you have drawn. 

7. W ith the here-completed experience in mind, indica te what you 
believe to be the major difficulties one encounters when the aim is to 
corre late the features of a section with the features of the whole 
(three dimensional) object. 
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LEARNING AND MEMORY - PROBLEMS OF INTEGRATING 
STUDENTS' CONCEPTIONS AND SCIENTIFIC KNOWLEDGE 

Horst Bayrhuber & Jens C. Schletter 
Institute for Science Education at the University of Kiel 

1 Introduction 
In German secondary schools the topic of "sensory organs and the 
nervous system" is taught in grade 1 O and in grade 13 . At both leve Is , 
neuroanatomy and neurophysiology are taught without reference to 
students' everyday conceptions or real life problems. The study presented 
here is part of a program which sets out to explore how neurobiology can 
be taught in contexts which relate to students' everyday lives and thus 
facilitate the processes by which the concepts become meaningful for the 
students. We ch ose the topic of "learning and memory" because this is a 
"real life" problem for the students, and it is one of the fields in which 
neurobiological knowledge has increased rapidly during the last years. 

2 Theoretical Background 
In contrast to other biology topics such as photosynthesis or genetics , 
there are only few references in literature to students' concepts of 
learning and memory and the neurobiological processes involved. In the 
bibliography compiled by Pfundt and Duit (1994), listing works on 
students' conceptions of biology topics , there is only one which deals 
with conceptions about the brain (Johnson & Wellmann 1982). Further 
information about students' conceptions of learning can be found in 
studies of learning processes and student achievement (e.g. Aguirre & 
Haggerty, 1993; Berry & Sahlberg, 1996; Stipek & Gralinski, 1996). 
These, however, give just as little insight into the neurobiological or 
psychological foundations of students' conceptions of learning and of 
how the brain processes information. In studies concerning self-directed 
learning, students were also questioned about their concepts of learning 
(e.g. Baird & Northfield, 1992; Haller, Child & Walberg, 1988; McCombs 
& Marzano, 1990; Simons, 1992; White, 1993). 
As an initial attempt to remedy this inadequate supply of reference 
literature we asked 20 students in grade 13 about their concepts of 
learning and memory in open interviews (Schletter & Bayrhuber, 1998). 
The students interviewed used neurobiological and psychological terms 
(e.g . nerve cells or short term memory) , but attached meanings to them 
that strongly deviated from their scientific meanings. Furthermore, the 
analysis of the interviews showed that the students' conceptions could be 
divided into two categories (Bayrhuber & Schletter, 1997): 
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• Conceptions derived from externa! sources were acquired in school, e.g. 
in grade 10, from books and/or from television. This knowledge, e.g. 
about the structure of the brain or of nerve cells is generally only 
slightly developed. 

• Conceptions derived from interna! sources come either from individual 
learning and memory processes, e.g. the preparation of term papers, or 
from experiences that can serve as models far learning and memory 
processes, such as use of libraries or work with computers. These are 
based on students' own reflections about individual experiences. 
Learning is, far example, understood as new infarmation in class and 
memory described like a chest of drawers. 

The interviews showed that the students interviewed make next to no 
connection between these two areas of conceptions. This suggests that 
the lessons had not promoted the integration of conceptions and 
scientific concepts and thus had not fulfilled an important condition far 
meaningful learning (Ausubel, 1968; Glynn & Duit, 1995). The fragments 
of knowledge which the students gained were neither scientifically sound, 
nor did they relate to everyday life ( cf. Reif & Larkin, 1991 ). Mandl et 
al., (1993) found evidence of such fragmentation in connection with 
knowledge about physics, a phenomenon they term 
compartmentalization of knowledge. 
The goal of the study described here, therefare, was to ascertain whether 
a restructuring of neurobiological teaching contents would enable a higher 
degree of integration to be attained between neurobiological knowledge 
on the one hand and the students' conceptions and experiences on the 
other. 

3 Design 
The study used an experimental control group design. Far this purpose, 
two different teaching units of the same length were developed far the 
tapie "learning and memory". 
Half of each group was interviewed individually about their conceptions 
of learning and memory befare the unit began. In addition, befare 
beginning the unit, all students completed a questionnaire about their 
interest in the tapie. At the end of each period or double period the 
students filled out a questionnaire about how interesting the lesson had 
been. These tests were intended to show if the lessons far both the 
experimental group and the control group were of comparable interest to 
the students. At the end of the unit all students took an unannounced 
written test about the scientific content of the unit. In addition to this, 
all students who had been interviewed befare the intervention began were 
interviewed again, and also questioned about their grades over the past 
two semesters. 
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Table 1. Design of the main study 

1 Experimental group {n=23) 1 Control group {n=22) 

Pre-test 
Intcrviews with half of the studcnts in the course 
Questionnaire about interest in the topic lcaming and memory (completed by ali 
students in the course) 

Teaching the unit developed for 
the experimental group 
Questionnaire about how interesting the 
lesson was after each pe1iod 

Post-test 

Teaching the unit developed for 
the control group 
Questionnaire about how intcresting the 
lesson was after each period 

Unannounced written test of knowlcdge completed by ali studcnts in the course 
Interviews with those students alreadv interviewed during the ore-test 

Two questions were the focal point of the study. The first addressed the 
extent the preconceptions of the students interviewed in the 
experimental group and in the control group had moved towards 
scientific concepts. It was expected that the conceptions of those 
interviewed in both groups would shift towards the concepts taught in the 
lessons. We also anticipated that the conceptions of the experimental 
group would change more than those of the control group, since the 
typical pre-instructional conceptions were explicitly made the topic of 
the lessons in the experimental group. The second question was to what 
extent the students interviewed in both groups connected the knowledge 
based on reflection of personal experiences with what had been taught. As 
the students in the experimental group were expressly taught according to 
students ' typical experiences and conceptions , it would presumably be 
easier for them to make the corresponding connections than for those in 
the control group. 

4 Methods 
The development of teaching materials 
The lessons for both groups were planned so that the students in the 
control group also had a chance to change their pre-instructional 
conceptions in line with scientific concepts , to make connections 
between conceptions based on external and on internal sources, thus 
overcoming compartmentalization. This was made possible by using units 
of equal length, covering the same topics (s. Table 2) . As mentioned 
above, the students' typical conceptions of learning and memory were 
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expressly covered in the experimental group and their compatibility with 
the corresponding scientific concepts explored. This was not done in the 
control group. 

Table 2. Lesson topics and their teaching sequence in the experimental 
group and in the control group 

Lesson Experimental group Control group 
1 The problem 'leaming and Structurc of the ncrvc cell I 

memory' 
2 Characteristics of short tcrm Structure of thc nerve ccll II 

memory 
3 The interaction bctwcen short Stimulation channeis in thc nerve 

term and long tem1 memory cells 
4 The division between procedural Synapse procedures 

and declarative memory 
5 Structure of the brain I Ce! lular foundations of lcaming 

and mcmory I 
6 Structure of the brain ll Cellular foundations of lcaming 

and memory 11 
7 PET (positron em1ss1on Structure of the brain I 

tomography) 
8 Cellular foundations of Ieaming Structure ofthe brain 11 

and memorv I 
9 Structure ofthe nerve ceil l PET (positron Clll!SSIOl1 

tomography) 
10 Structure of the nervc ccll II The division between procedural 

and deciarative memorv 
11 Stimuiation channels in the nerve Memory models 

cells 
12 Synapse procedures Charactcristics of short tem, 

memorv 
13 Ce! lular foundations of leaming The interaction between short 

and memory lI term and long tenn memory 
14 The problem of forgetti ng I The probiem offorgetting 1 
15 The problem of forgetting 11 The problem of forgettin,g 11 
16 The working memory The working memory 

The following consequences for the lessons in the experimental group 
were the result of the explicit consideration of students' typical 
conceptions: 
• In order to 

mainly on 
build a bridge between students' preconceptions based 
everyday expenences on the one hand and the 
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neurobiological concepts on the other, the latter were also considered 
from a psychological point of view. 

• The consideration of typical student conceptions played a role in 
determining the sequencing of the different teaching contents in the 
experimental group. The units began with contents which were close 
to students' pre-conceptions, to make the topic more accessible. 

• In the different lessons the students of the experimental group were 
asked to express their own conceptions and to compare them with 
those of the other students. The purpose of this was to make 
especially those pre-instructional conceptions transparent which were 
based on students' own reflections about individual experiences. 

The development of materials for the control group followed a scienti fic 
subject matter structure found in numerous textbooks. Neurobiological 
and psychological contents were also taught in the control group but 
psychological aspects were not integrated into neurobiological iessons. 
Nevertheless the lessons in the control group were justas interesting as 
those in the experimental group. The students' everyday world played 
justas important a role in the control group. lt was, however, important 
that no explicit connections were made to typical student conceptions. 
The following overview sets out the various content sequences in the 
experimental group and in the control group: 
During the material development stage, individual parts were tested in 
grade 13, before the intervention study. After testing some of the parts 
were revised, but no major changes were necessary. Some of the materials 
developed for the experimental group have already been published 
(Schletter, 1998) and a larger publication is in preparation. 

The questionnaires 
As already mentioned we used different questionnaires. One about 
student's interest in the topic learning and memory, another about how 
interesting the lessons were and further one to test the knowledge after 
intervention. Examples of items are shown in the next slide. 

The pre- ami post-test interviews 
For the pre- and post-test interviews we used the technique suggested by 
White & Gunstone, (1992), called interview about concepts, was used. 
According to White & Gunstone, knowledge about a concept is a function 
of thc amount of various types of knowledge a person connects with it. 
Thus a concept comprises mental images and intellectual and motor skills 
as well as propositional knowledge (in the sense of declarative factual 
knowledge) and autobiographical experiences (in the sense of episodic 
knowledge). The interviews took account of these different dimensions 
of the cognitive structure. 
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To facilitate comparison between the results of the student interviews, an 
interview guideline was developed for both the pre- and the post-test 
interviews ( cf. Bortz & Doring, 1995). 
With respect to content, the guidelines for the pre-test interviews 
covered various aspects of the tapie learning and memory. The questions 
covered neurobiology and psychology, as well as the context of in-school 
learning. 
The post-test interviews were in two parts. Part one included sorne 
questions from the pre-test interviews to ascertain the extent to which 
the students' conceptions had changed in the course of the Iessons. In 
part two the students were presented with various tasks which required 
them to apply the knowledge acquired in class and to connect this 
knowledge with previous experiences. These tasks had to do with 
scientific problems on the one hand and with problems from the students' 
everyday lives on the other. 

5 Analysis 
Analysis of the questionnaires 
The quantitative instruments were used to determine possible systematic 
differences between the experimental and the control groups as well as 
between those interviewed and those not. We dispensed with a 
differentiated statistical analysis as this was not the main point of the 
study. We did, however, wish to make sure that the various groups could 
be compared with respect to the interview results. Ali of the 
questionnaires used in the study (initial interest in the tapie learning and 
memory, leve l of interest in the individual lessons, leve! of knowledge at 
the end of the unit), together with the requested grades in German, 
mathematics and biology for the past two semesters, were analyzed with 
the help of quantitative methods (comparison of averages, t-test). 

Analyzing the interviews 
In arder to compress the mass of interview material for interpretation, 
the transcripts were analyzed using a reductive qualitative content 
anal y sis procedure (Lamnek, 1993; Mayring, 1995). The corresponding 
category system had already been developed for and tested on previous 
work. For reasons of simplicity in the following slide only the main 
tapies and their first-order categories are included; for analysis purposes 
these were further differentiated. Using this category system, the 
students' statements were coded according to various basic neurobiological 
and psychological concepts (learning, memory, brain) . Further, the 
statements were interpreted with regard to the interviewees' structure of 
knowledge, with reference to dimensions of the cognitive structure 
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(White & Gunstone, 1992) and to the compartmentalization of 
knowledge hypothesis (Mandl et al., 1993). 
Ali of the interviews were transcribed completely word for word and the 
data subsequently analyzed in two steps. The first step was summarizc, 
paraphrase and code the statements in every interview in line with the 
knowledge structure categories. Then the doubles and paraphrases wilh 
the same meaning were eliminated. Using the transcripts it was then 
checked whether the paraphrases mirrored the meaning of the original 
statements. The paraphrased statements were coded for the second time 
according to the content categories. Within the framev.:ork of this 
categorization, the original category system was checked for 
completeness. There was, however, no need for modification. The 
categorization of the paraphrases from the individual interviews was then 
used to compile an overview of all interviews, which indicated the 
frequency of certain conceptions expressed by the students and gave an 
impression of the multiplicity of the conceptions mentioned. 

Table 3. Categories for analysis of the interviews 

Tvoe of catee:ory Main categorv First order catee:orv 
contcnt categories Learning conceotions of leaming 

leaming stratcgies 
Memory conceptions of memorv 

processing, retaining ami 
rccalling information 
forgetting 

Brain macroscopic anatomy ofthc 
brain 
microscopic structurc ofthc 
brain 

structurc of cognitivc structure propositions 
knowlcdge categorics categories 

mental imagcs 
cpisodcs 
intellectual and motor 
abilitics ancl skills 

compartmcntalization of origin of conccptions 
knowlcdgc catcgorics 

conncctions bctwccn 
conccptions 

Within the analysis framework, a section of sorne of the transcripts was 
assigned to the categories mentioned by a second, externa! person to see 
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whether the criteria of interrater reliability was fulfilled ( cf. FI ick 199 5). 
The comparison of the categorizing between the two interraters showed 
almost complete agreement, only in a few cases was there disagreement. 

6 Results 
Scholastic achievement and interest in the experim ental group and the 
control group 
The comparison of scholastic achievement in German, mathematics 
and biology showed that both groups could be rated almost equal. There 
was a slight tendency towards advantage for the control group, but this 
was not significant. 
The questionnaire about pre-instructional interest showed only minor 
differences between the two groups. The group comparison in the form 
of t-tests showed that the beginning interest is slightly higher in the 
control group than in the experimental group. 
In view of these results, it was assumed that the interviewed students in 
both groups were comparable with regard both to their scholastic 
achievements and to their pre-instructional interest, so that differences 
in the post-test interviews could be attributed to the effecti veness of the 
treatment. 
The questionnaires about students' interest in a Iesson administered 
after the individual periods indicate that the lessons are generally regarded 
positively. 
A continuous increase or decrease in the leve! of interest indicated for the 
lessons during the period of intervention could not ascertained either in 
the experimental group or in the control group . lt was, however, shown 
that students in the experimental group in particular found the lessons 
with a direct reference to their lives especially interesting. lnterest in the 
more neurobiological lessons was more limited. In the control group these 
differences were not as marked. The comparison of the periods covering 
the same topic between the experimental group and the control group 
indicated that the students in the control group tended to rate these 
periods higher or sometimes significantly higher. In any case the 
difference in the leve! of interest in lessons cannot explain the possible 
better results of the experimental group in the post-test interviews. 

Results of the written knowledge test 
The analysis of the unannounced questionnaire showed that a large 
number of the students in both groups were able to indicate the meaning 
of most of the basal concepts in the unit. The experimental group and 
the control group had comparable results; the differences have not 
proved significant. 
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Results of the interviews 
a)Development of students' conceptions 
When the pre-test and post-test interviews were compared, the 
conceptions of learning had changed in both groups as a result of thc 
intervention. In the pre-test interview those questioned made a clear 
distinction between learning at school (relatively unimportant knowledge, 
remembered only for a while) and learning in an everyday context 
(important knowledge stored long-term). In contrast the answers in the 
post-test drew more on neurobiology and psychology: the majority said 
that the formation of associations is one of the most important 
characteristics of learning. In addition the connection between learning 
and the storage of information in the nervous system was often 
mentioned. 
With regard to conceptions of learning strategies, the same type of 
changes occurred in both groups, i.e. to\.vards a constructive conception 
of learning. In the pre-test interviews those from both groups questioned 
mainly mentioned reproductive strategies. Only a few, for example, 
mentioned writing summaries as active exploration of material to be 
learned. In the post-test interviews about half of the students emphasized 
that when learning they would make thought connections between the 
contents to be learned and the information already acquired. In their view 
such knowledge can be retained more easily than knowledge which is not 
as well connected, as the following quotation from a member of the 
experimental group shows: 
When new information is taken up into the memory and you already 
know something about the tapie, then it is added to the old information. 
Whatever aspects you connect with the new information, this aspect is 
added to. When you can connect one thing with various things then you 
store it in relation to each of the various things, i.e. not just related to 
one, but several. Then, when you call on it you can access it from 
different sides. 
There were only slight differences between the groups with regard to 
changes in the concepts of memory . In the pre-test interviev.1s the 
students in both groups either believed that information was stored in the 
brain in isolated bits, like storing things in drawers or like books in the 
library, or were notable to describe any model of memory. In the post
test interviews, the majority of those interviewed still allowed the 
interviewer's suggestion that memory could be described using a library as 
a model. 72% of the experimental group and 66% of the control group 
<lid, however, emphasize the importance of the network of inter
connected information in the brain, thus setting the right I i mits for the 
library model. The conception that the information itself was fixcd 
forever in the nerve cells changed only in a few cases between the pre
test and post-test interviews. This would indicate that the concept of 
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information storage given in the lesson was not convincing. lt could be 
that in the students' view storing by memory possibly requires assigning 
information to a material unit, corresponding to the letters in a text or 
the magnetic particles on an audio tape. 
The nerve cells are connected when learning. And what is in the nerve 
cells now is probably the result of experiences, i.e. more or less the 
storage, and they are connected together. And when these connections 
are destroyed, then you forget. The information is stored in the nerve 
cells. When, for example, the nerve cells are relatively large, then it is 
probable that severa! bits of information are stored in one nerve cell. And 
when they are tiny, then only a little information cango into them. 
The students in the experimental group have a deeper understanding of 
processing, storing and recalling information than the control 
group. In the pre-test interviews, for example , a scientifically incorrect 
concept of short term memory dominated in both groups. According to 
this , information needed for a test on the following day is stored in the 
short term memory. In the post-test, a majority of those interviewed 
from the experimental group (72%) had developed an adequate 
conception of short term memory and explained this with examples from 
everyday life; whereby most of those interviewed from the control group 
(77%) had not changed their original (incorrect) idea of short term 
memory. The correct answer from a student in the experimental group is 
given in the first of the following two quotations. The second quotation 
is from a student in the control group. 
Short term memory is when only very little information fits in and even 
that not for long , only a few minutes or so. You need it when you hear 
something and you have to write it down. Or when something is dictated, 
where you have to remember a sentence and then write it down. 
As I said earlier, when you glance at something just before a test so you 
can write it down in the test. That is probably what you have from short 
term memory, beca use just before you stored it - you cannot really say 
you studied it. Okay, I would say that someone who starts to learn the 
day before a big test stores everything in the short term memory as 
compared with someone who studied the whole time. That is someone 
with a long term memory. 
With regard to explaining the fundamentals of forgetting, both groups 
showed clear differences when comparing the pre-test and post-test 
interviews. In the pre-test interviews the majority pointed out that 
information is deleted when it is forgotten, like data being deleted from a 
disc . In the post-test interviews about half of those asked from both 
groups connected forgetting with the biological concept of nerve cell 
networks and the reduction of the nades (synapses) in the neuronal 
network. Furthermore, in the post-test interviews most of the students in 
the experimental group were able to differentiate between temporarily 
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disturbed access to information that is still available and information 
which has been deleted and is not recoverable, and were able to explain 
this with the help of the neuronal network conception. The following is 
from a student in the experimental group. 
When you cannot remember something and you think about it and then 
you can remember it, then you did not really forget. It was probably 
blocked by a synapse. When you really have forgotten it, then it has 
gone and you will never remember it - the information has been deleted 
somehow. But in the case of this blockage it is still there. 
Knowledge about the anatomy of the brain and the micrnscopic ccll 
structure of the brain was mainly tested by means of a \Vritten 
examination. There were no direct questions about this topic in the post
test interviews. Inste ad, those interviewed were to contri bute the 
corresponding knowledge on their own when answering questions about 
other topics and show to what extent they were able to not just repeat 
what they learned, but to apply it. It turned out that the students in the 
experimental group in particular used their knowledge about nerve cells in 
the post-test interviews to explain, for example, the effectiveness of 
repetition. When the knowledge about these two topics was too 
superficial in the pre-test interviews, then the written test at the end of 
the lesson showed that they had acquired the necessary knowledge. 
In summary, the intervention did not result in remarkablc difference 
between experimental and control group with regard to the develop111ent 
of students' conceptions. 

b)Overcoming the compart111entalizatio11 of k1101v/edge 
We tested whether the students interviewed from the experimental group 
were in a better position to connect the knowledge acquired through 
personal experience with scientific knowledge than those in the control 
group. The question whether the interviewed students from one group 
were able to sol ve science-oriented problems justas well as the ones from 
the other was also addressed. 
The question of compartmentalized knowledgc was studied, based on 
conceptions from interna! sources, i.e. from reflections about individual 
experiences. The following two groups of questions concerning students' 
conceptions about (a) effective learning and (b) forgetting (conceptions 
from direct individual experience) were asked. 
a) Imagine you have to make an oral presentation on "How to prepare 
for a test". What would you say? 
b) What can you do during a test if you cannot remember something? 
Two further groups of questions concerned conceptions about the 
structure and function of memory (conceptions from (e) indirect and (d) 
direct individual experiences). 
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c) Imagine you are talking with a classmate ora friend about memory. 
The person you are talking to says he/she imagines you can compare 
your memory with a library . What would you say to him/her? Do you 
agree with this description or would you correct it? 
d) What do you understand by short term memory? Why do you need it? 
The students gave various answers to the questions a) and b ). These were 
subdivided according to the following criteria. First the answers given by 
each student interviewed were classified as neurobiological (N) or 
psychological (P) concepts . Then the individual answers were rated 
correct (+) , insufficient (o) or incorrect (-). In addition, the number of 
answers assigned to the six subgroups (N+, No, N-, P+, Po, P-) was 
counted. Finally for each student the subgroups were ranked according to 
the number of answers assigned to them. The subgroup to which the most 
answers were assigned was placed on top of this list (N+ on top , for 
example, means the answers in the subgroup containing the most answers 
were correct and referred to neurobiological concepts) . In Tables 4, 5 and 
6 only those students were taken into account who were characterized by 
N+ or P+ on top of their individual ranking list. 

Table 4. Numbers and percentages of students characterized by N+ or P+ 
on top of their individual ranking list of answers to questions a) 
("presentation about test") and b) ("forgetting") (NEG: 11 
students, NKG: 9 students) 

Question "presentation about test" Question "forgetting" 
Number of Number of Number of Number of 

students EG students CG students EG students CG 
9 6 6 3 

(81 %) (66%) (54%) (33%) 

Table 5. Numbers and percentages of students characterized by N+ or P+ 
on top of their individual ranking list of answers to questions e 
("library memory model") and d ("short term memory 
function ") (N EG: 11 students, N KG: 9 students ). 

Question "library memory model" Question "short term memory 
function" 

Nurnber of Nurnber of Number of Number of 
students EG students CG studcnts EG students CG 

8 5 8 2 
(72%) (55%) (54%) (22%) 
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If the answers referring to neurobiological and psychological concepts are 
compiled for ali questions regardless of the subgroups a - d, the findings 
are as shown in Table 6. 

Table 6: Numbers and percentages of students characterized by N+ or P+ 
on top of their individual ranking list of all ans\vers a - d. 
(NEG : 11 students, NKG: 9 students) 

Number ofstudents EG Number of students CG 
10 4 

(91%) (44%) 

According to Table 6 the experimental group's answers were more often 
correct. This is true for fewer students in the control group. This would 
mean that the students interviewed in the experimental group had moved 
closer to scientific concepts than those interviewed in the control group. 

7 Discussion 
l11vestigatio11 instruments 
First, it must be noted that the 'interview about concepts' method 
developed by White & Gunstone (1980, 1992) has proved suitable for 
planning and conducting student interviews. lt has becn shown that 
especially in the case of a relatively abstract topic like the 
neurobiological foundation of learning and memory, students' 
conceptions relevant for class are not only determined by their pre
knowledge of biology, but to a great degree by their conceptions and 
experiences which, from a scientific standpoint, are only indirectly 
connected to the topic. As the students do not have the corresponding 
neurobiological and psychological knowledge, they rely on conceptions 
they know from everyday life ( cf. Reif & Larkin , 1991 ), such as the 
image of deleting computer data for forgetting. Since White & 
Gunstone's method directs their attention not only to propositions but 
also to mental images, episodes and skills, they are made aware of such 
indirect conceptions and it becomes possible to build up a comprehensive 
picture of students' pre-knowledge structure. 

Results 
Dueto the limited size of the sample, generalizing the results becomes a 
problem (re: generalizing qualitative data, cf. Lamneck, 1993). The 
statements made by man y of those interviewed evidenced coincidences . 
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This would indicate that typical conceptions of learning and memory 
were recorded, which should also apply to other populations. The same is 
true for the pre-instructional concept of short term memory. 
Coincidences arose again and again in the preliminary study (Schletter & 
Bayrhuber, 1998) and in the pre-test interviews in the main study in all 
of the groups. A larger, quantitative study could give an idea of the 
frequency of the various conceptions, but the results here indica te that 
typical conceptions were acquired in this study. 
With regard to the results of the interest in the lessons, the somewhat 
more limited interest shown by the experimental group is evident, 
especially in the periods covering neurobiology. This result fits the 
statements made in the questionnaire about pre-instructional interest, 
where the experimental group scored lower than the control group. These 
findings lead us to assume that the reduced interest in the lessons is due 
neither to the sequencing of the lessons in the experimental group, nor to 
the contents being taught, but rather it is dueto their general lack of 
interest in the topic learning and memory. 
In the previous study (Schletter & Bayrhuber, 1998), as well as in the 
pre-test interviews in the main study, a compartmentalization of 
knowledge was observed in both groups and thus the corresponding 
hypothesis proposed by Mandl et al. (1993) supported. An integration of 
the various areas of knowledge partially succeeded in the experimental 
group and in the control group. But the students in the experimental 
group succeeded in connecting the psychological and neurobiological 
concepts with their own experiences better than those in the control 
group, though not completely. As an approximate idea one can, however, 
assume that the explicit consideration of students' conceptions in the 
experimental group promoted the integration of teaching contents with 
pre-instructional conceptions based on reflection of individual 
experiences (on interna! sources). With regard to the change in 
conceptions based on externa! sources, our results indicate that taking 
pre-instructional conceptions explicitly into account is no more effective 
than teaching purely scientific lessons. These results demand support by 
further evidence. 
In the literature it is discussed whether the changes in students' 
conceptions can be more fittingly described as conceptual change ( cf. 
Driver, 1989; Posner et al., 1982) oras conceptual growth (cf. Carey, 
1985; Stavy, 1991). In the case of this study, it has been shown that both 
models have declarative power. As expected, it showed that many 
students changed majar parts of their externally derived conceptions. 
These were usually conceptions that had not been much elaborated and 
were not completely wrong. In this case, conceptual growth would be an 
appropriate term, as the corresponding conceptions are differentiated, 
growing closer to the scientific concepts. In contrast, conceptions based 
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on the reflection of one's own experience (interna! sources) can only be 
replaced by the corresponding psychological or neuro-biological concepts 
( conceptual change) in the progress of learning. 
On the whole the results of this study indicate that thc growth of 
students' conceptions based on externa! sources cannot be considcrably 
influenced by explicitly addressing students' conceptions in class, whcreas 
the change of conceptions based on interna/ sources can be supported by 
this procedure. 
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AN INTERACTIVE COURSE FOR STUDENT TEACHERS: 
SOME CUES ON BIOLOGY KNOWLEDGE ANO TEACHl'.\/G 

.MODELS 

Elena Camino, Elena Casassa & Anna Perazzonc. 
Research Group in Science Education, University of Torino (Italy) 

1 Introduction 
A new, four-year dcgree course in prirnary cducation sciencc designcd for 
the cultural and professional training of both nursery and prirnary school 
teachers (Bandiera, 1996) was launched in Italy during the acadcrnic ycar 
1998-99. 
Two thit1y-hour courses in biology education and geology cducation forrn 
pa1i of the first-year curriculum. 
The course on biology cducation was entrusted to one of thc prcscnt 
authors (Camino): in collaboration with other members of thc Research 
Group, she worked out a programme and prepared tcaching materials. 
During the Course - through a process of Action-Research - thc Group 
assessed the leve] of participation of the students, their mastery o f 
scientific terms, their degree of understanding of the basic notions o r 
biology and their ability to pass on their knowledge as teachers. This 
survey was conducted with two aims in mind: 

- progressive preparation of teaching materials designed to clarify 
doubtful points, examine topics in greater depth ancl stimulatc 
reflections; 

- gathering of the information needed to draw up a final evaluation o r 
the teaching/learning process. 

The results of the first year's research have been dcscribed in a thesis 
(Casassa, 2000). Fu1iher work has been done during the second academic 
year (1999-2000). 

2 The background 
Planning of the biology course was complicated by certain constraints 
imposed by the degree syllabus: the course is givcn in the first year, that 
is before students have had time to think about the psychological ami 
peclagogical aspects of learning, and about teaching methocls in genera 1. 
Moreover it precedes those clevoted to rnathematics, physics ami 
chemistry: subjects usually regarclecl as introductory insofar as thcy 
provide concepts applicable throughout the much wider field of the 
natural sciences. 
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Attendance at courses 1s neither mandatory (so much so that sorne 
courses and/or laboratory sessions are held at the same times), nor 
customary. 
Most students, therefore, attended the course intermittently. Only 30 to 
45 of the 186 enrolled were present on each occasion. This lack o f 
assiduity in an interactive course obviously means that absentees miss 
much information that cannot be found in their lecture notes because i t 
stems from direct listening and from the discussions that take place 
between a lecturer and his audience. 

3. The objectives and contents of the biology course 
The course set out: 

to help students arrange the main concepts of biology in a flexible 
and dynamic network; 
to help them to realise that biology is a key to understanding of 
one's self, both as an individual and as a member of a community and 
an ecosystem; 
to train them to adopt different viewpoints and ways of reasoning in 
their interaction with the natural environment; 
to encourage them to consider the function of language as a vehicle 
for the conveyance of both information and a vision of the world, 
and to use it with awareness, mastery and appropriateness. 

As to the contents (McWethy, 1994), it was decided to concentrate on 
sorne transverse subjects and identify those of their concepts that are 
form part of the structure of biology and are easily translatable into a 
language that children can understand (Giordan et al., 1994): 
■ living beings as individuals with a personal and a communal history; 
• the levels of organisation of living beings;. 
■ the variety and singleness of living beings; 
■ webs of relations and flow of information among living beings. 

4 Preparation of the materials 
The teaching materials prepared for each tapie (diagrams, pictures, 
readings, results of didactic researches, open questions, etc.) were designed 
to: 

favour the emergence of mental representations and cognitive 
obstacles; 
test the degree of confidence of sorne basic concepts, and the ability 
of (a) linking them together; (b) using them in various contexts; 
assess the attitudes towards teaching approaches; 
encourage discussion about implied assumptions and values in science. 
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These proposals set out to engage the cognitive faculties of the stuclcnts. 
They were also intencled to involve thern emotionally ancl stimulate 
them to cliscuss among themselvcs, the aim being to illustratc thc 
complexity of learning processes, in which affectivity, curiosity ancl 
active partici pation through cliscussion ancl the putting forwarcl o f 
suggestions and arguments are essential ways of rnaking ncw knmvlcdgc 
part of one's self and blencling what is new with what is already lrnown. 

5 Features of the experiment 
Collection of data during a research forming paii of a didactic expcrimcnt 
of Action-Research is associated with both difficulties and opportunitics: 
• the teacher's responsibility to provide studenls with an adcquate 

service rneans that previously prepared experimental protocols rnay 
have to be adjusted to the needs that arise, with the result that the 
data collected are not always uniforrn, rcadily comparable ancl 
sufficient in nurnber for quantitative assessment; 

• clase cooperation between the teacher and thc researchers (in thc 
case in point, the teacher was also one of the researchers) cnsurcs thc 
smooth and effective inse1iion of such changes as may be regardcd as 
necessary along the way; 

• involvement of the students gives them the chance to think about an 
unconventional teaching methocl. 

Thc collection of experimental data was suborclinatecl lo clidactic 
priorilies, so that changes introcluced into the protocols i 11 ustrate - to a 
certain degree - the unfolcling of a teaching/learning process in \vhich 
tapies are faced with a reílective and critical approach, and feedback is 
continuously sent back to modify the program initially set. 

6 Collection of the data 
The data used in the rcsearch came from two sources: 

individual or small-group activities undertaken cluring thc courses: 
written answers to questionnaires, free comments, clrawings, 
diagrams. These were examined irnmediately after the lccturc ancl thc 
results were discussed \.Vith the students during subsequent rneetings ; 
the results of a written examination in which the students were 
required to answer two questions, designed to check rcspectively thcir 
acquisition of disciplinal knowledge and thcir didactic abilitics. These 
results could not be used to evaluate the effectiveness of the teaching 
once it became clear that the lectures were being attenclecl by a srnall 
ancl discontinuous number of stuclents. They were nonc the less a 
useful indication of their mental representations ancl cognitivc 
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hurdles, which were often unresolved at the time of the final oral 
examination. 

The research covered the students enrolled for the first year of the Turin 
University degree course in primary education science (186 in 1998/99 
and 186 in 1999/2000), and 25 students taking a similar course at Aosta 
in 1999/2000. Thirty-two written answer papers were corrected: 22 
students passed (and were thus entitled to take the final oral examination) 
at their first attempt, 15 at subsequent attempts. 

7 The subjects and aspects dealt with 
During the Course the following topics were presented and discussed with 
the students: peculiarities of living beings; unity and variety; 
interconnectedness and time scales in life. 
To keep within the space allotted for this paper an account will be given 
of only two sets of results, namely those concerning: 

• the relations between living beings themselves and their relations 
with the abiotic substrate o[ their environment; 

• the temporal evolution of living beings and their environment. 
These are not so much subjects to be learnt as complementary ways of 
looking and interpreting that can be developed through the study of 
biology. The first focuses on the processes, functions and activities that 
connect the nodes (i .e. organisms and substrate) of a complex network of 
relations and interdependences, and in this way promotes the full 
understanding and acquisition of biological evolution - another transverse 
concept (Longo, 1998). 
Our aim in determining whether and to what extent students were able to 
use their knowledge of biology to discover, link and organise relations in 
space and time and then reprocess them for teaching purposes was to 
revea) the interpretation patterns they usually employed and their 
mastery of scientific terminology (Sutton, 1992 and l 996). It was also 
expected that examination of their written didactic proposals would give 
an indication of their "teacher" models and their leve! of awareness of 
the way in which children learn a pa1iicular subject. 
The data col!ected were to be used to re-elaborate our teaching tools 
directed to promoting the acquisition of both an ability to systemically 
read the ecological and evolutionistic components of the environment , 
and adequate teaching skills. 

8 Webs of relations 
Activities during the corse 
1) Looking for relations 
Groups of 5-6 students were given 19 paper figures illustrating the 
components of an ordinary kitchen and asked to link them together on a 
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cardboard backing and to write down the link words. This test was 
designed to assess their ability to determine relationships between living 
beings and their environment. 
Fifteen layouts were produced. The 218 linear relations determined by 
the students were grouped in five categories. Over half the relationships 
(n = 115) are trophic and only 12 (5%) are ethological. 
2) Language and analogies 
Each group was then asked to define an "alimentary network". Three 
types of definition were given by the students: "a set of linked and 
interwoven relations", "a chain" and "a cycle". Most students were not 
aware that a specific scientific concept corresponds to each of these 
analogies. 
The same conclusion was drawn from an examination of primary school 
textbooks: many authors help to create misconceptions by using the 
words network, cha in and cycle indifferently. 
Lastly, the students were asked to think about the difference between 
day-to-day language, in which words are used with a variety of meanings, 
and scientific language, in which every term has a single, precise meaning 
whose understanding is functional to the comprehension of a concept and 
its leve! of abstraction (Peterfalvi et al., 1986). 

Answers to the questions in the written examination 
The written examination was composed of questions on disciplinal topics 
(A) and on their didactic transposition (B). 
(A) Disciplinal questions 
1. List some of the relations between living beings. Specific whether 
anything is exchanged, and if so what, in each relation. Give examples. 
2. "A tree can be used to illustrate different types of relations between the 
components of an ecosystem. It is a source of food far many animals 
(birds, insects, etc.). Other anima Is use it as .... ". Continue this 
explanation and give examples. 
3. "The environment is a network of relations". What is meant by this 
expression and what sort of relations may be found in an environment? 
The forty completed papers (sorne students gave multiple answers) 
provided 59 sentences, each indicating a relation. These sentences were 
placed in six categories that partly coincide with those used for the 
kitchen patterns. The relation that appeared most frequently regarded 
the exchange of matter and energy. lt was thus in line with the 
prevalence of the trophic category in the previous test. 
(B) Teaching questions 
Systematic and quantitative assessment of these data was impossible 
because the answers were too few and too varied. Qualitative evaluation, 
however, gave an indication of the leve! of the students' understanding of 
the concepts and the reference models they used in sketching out a 
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teaching path. Two of the questions and sorne of the answers obtained are 
illustrated below. 
l. "P/ants start a .food chain by taking in inorganic materials and 
assemb/ing them in organic compounds" (This sentence was taken from 
a primary school textbook). Describe the "cognitive obstacles" an 8 to 9-
year-old child might encounter in reading this sentence. Show ho1v you 
wou/d "translate" the concepts it contains to enable such a child to 
understand them. 
✓ Plants start a food chain in the sense that they first feed themselves 

and then they also give food to us 
✓ ... by analysing different types of plants and their leaves one can 

make others understand the autotrophic functions of vegetal 
orga111sms 

✓ ... organic compounds are complex substances, such as proteins, 
lipids, fats , and carbohydrates. 

✓ ... a cognitive obstacle is the fact that light and the carbon dioxide 
that plants capture are invisible .. 

The first answer is an example of the misconceptions that arise when 
students seek to get their knowledge across to children. Confusion 
between definition and explanation is evident in the second answer. The 
fourth answer rightly indicates a difficulty teachers have to bear in mind, 
but <loes not suggest a way of overcoming the obstacle. 
2. (Students were given a drawing of a food web in the sea) What is shown 
in this drawing ? Describe it and then use your description to prepare a 
simp/er pattern you could employ to teach older primary school children. 
✓ This diagram shows a "water" food network. Each living being must 

eat to survive and so larger living beings eat smaller beings 
✓ This diagram shows the cycle of matter. It is a closed schema because 

it shows the birth, growth, death and decomposition of an organism. 
It could also be explained by completely changing the example: the 
water cycle. I would use posters to show children the meaning of a 
food chain 

The first answer contains two misconceptions: network = chain; larger 
organisms eat smaller organisms. The second answer fails to identify the 
marine food network. It also reveals the confusion associated with the 
word "cycle" when used in different contents. 

9 Evolution 
Activities during the course 
1) Drawing 
Discussions with the students about the unity and diversity of living 
beings, biodiversity and classification systems were followed by a test 
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designed to investigate their notions of the concept of evolution. The 
instructions were: 
"Imagine you are a primary school teacher. You want to tell children 
something abotlf evolution and decide to introduce this concept in the 
form of a drawing ora graph ". 
The 55 drawings produced were divided into seven categories: 

CATEGORY No. 

A life cycle 15 
Evolution of man 14 
From the primordial soup (fishes, dinosaurs, monkeys) to man 9 
A tree with severa! branches 5 
The "case" of giraffes 5 
Diversity of living beings 5 
From the simple to the complex 2 

27% of the students associated the concept of evolution with that of the 
life cycle, 25% saw evolution as a process concerning human beings, and 
41 % regarded man as the end product of evolution. Two of these 
drawings are shown below: 

a) Mental representation associating evolution with the life cycle 
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2) Linguistic ambiguities 
f rnmediately after finishing their drawings, the students were asked: 
"What does the word 'adaptation' mean in everyday language and in 
scientific language?" 
The answers showed that most students believed that adaptation always 
refers to a process whereby single individuals adjust to suit their 
surroundings. There was no awareness of time scale differences, nor of 
the biological mechanisms involved when the word is used in evolutionary 
biology. 
Answers to the questions in the written examination 
Evolution was also the subject of disciplinal and teaching questions 111 a 
written examination. 

(A) Disciplinal questions 
1. The concept of the evolution of living beings requires a 

knowledge of some biological processes. Name at least three of 
these processes and e.xplain their sign{{tcance and mechanisms. 

2. Define the meaning of adaptation in a context of evolutionary 
biology. 

3. Living beings have adapted to their environments during the 
course of evolution. What does "adaptation" mean? Illustrate 
and give examples of its mechanisms. 

4. Mutation - natural selection: what do these two terms mean in 
biology? How are they related to each other? 

The 50 answers received were examined according to: 
the subjects of evolution. Species and single individuals were seen as the 
subject of evolution in 35% and 24% of the collected answers 
respectively (n = 79). More generic definitions - organisms and living 
beings - were used by 14% and 16%, while 3% thought that animals were 
the subjects of evolution. A population was never proposed as the 
possible subject of evolution. 
The time scale. The concept of time <lid not appear 111 73% of the 
answers. Generic references and specific references were made 111 the 
remaining 14% and 13% respectively. 

1 l~lt. 

t.it:Jlt"fh. 

l .. ~·nrul'I('!'> 

l" 

¡•., 
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The role of the environment. This concept was only present 111 14 
answers. No function of the environment in the evolution of living 
beings (or vice versa) was mentioned in the other 36. 
Evolution mechanisms. Eleven answers regarded evolution as the result o f 
chance in sentences such as: 
"The e111 ·iron111e11r selecrs species: rhose rhat succeeding in adapring ro ir 
s111·1 1i1 ·e, those thar do 1101 become extinct. This is the res u Ir ol cha na". 1 n 
36 answers appeared the idea of intention: for exarnple, "Aclapration is a 
process in ll'hi c:h incli1'ic/11als 111oclifj, rheir behaviour to .fir the111seli·es inro 
rheir e111 ·iro11111e11t." 
The meaning of the other 3 answers was too uncertain to allow their 
inclusion in either category. 
Genetic features associated with evolution: mentioned in only 25% of the 
answers. • 
The trend. Numerous students expressed the idea that evolution tends to 
result in an improvement, as in these answers: 

The e111 ·iro11111e11t selects the best individuals 
E, ·olurio11 = change for the better 
Adapration 111eans the best development of the abilities most usefül 
for s111Ti1 1al in theface of change 
Species try out 11e11 · solutions to secure a better life for rhe111sefres 

The answers ro questions (1) and (4) were also looked at more closely to 
see how far the students had managed to join key concepts together so as 
to work out an interlinked idea of evolution. Apart from the terms 
"mutation" and "natural selection" provided as a pair in one of the 
questions, very few key concepts, such as duplication of DNA, sexual 
reproduction and transmission to subsequent generations, were 
mentioned. The notion of variety was ignored. 
In keeping with the already described meaning assigned to the word 
"adaptation", the answers as a whole indicated that the students' idea of 
evolution was closer to that of Lamarck than to that of Darwin. In 
addition to their scanty knowledge of science, it may be supposed that 
this misconception equally stems from the ambiguous language used in 
textbooks and popular science publications. 
(B) Questions in didactical aspects 
Here, too, the answers gave an indication of the leve! of the students' 
understanding of the concepts and their implicit teaching models. Two of 
the questions and sorne of the answers obtained are illustrated below. 
J. A sense o/ "geological rime" is very dijjicult ro grasp, especial/y for 
young chi/dre11. What means would you use ro help rhe111 appreciate the 
d([/erence bet1veen the l(fetime of a perso11 and rhe length of time during 
whic/1 there has bee11 /(fe 011 rl,e earth ? 
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✓ One way that could help children understand the length of their lives 
by comparison with life on the earth consists of reminding them of 
how long living beings have existed on our planet... 

✓ I would arrange a couple of teaching excursions, one to a place close 
to the mountains .. . I would ask them to look around and guess how 
old the mountains could be. 

Both approaches revea! a similar leve! of unawareness of the limited 
extent of a young child's ability to form an abstract idea. 
2. From a Jamily free to the free of evolufion. How would you prepare a 
teaching module on this subjec f far primary school chi/dren ? 
✓ I would go through the stages of evolution with the aid of pictures, 

diagrams and representations 
✓ ... by getting the children to draw their own family trees. We would 

then look at the time that has gone by: great-grandparents are so 
different and so far away. Even so, there is a saying in a particular 
fami]y that someone has red hair like granny's uncle. The children 
would be able to think about their own similarities and differences. 

The first student would use descriptions, explanations and drawings, the 
second would be concerned with getting children to think for themselves. 

1 O Conclusions 
Th e knowledge of the students 
The tests used during the course brought out both the previous knowledge 
and the misconceptions of the students. Certain conceptual obstacles 
emerged, as in the experience of other authors, while discussions with the 
students on scientific and linguistic aspects enabled them to think about 
the appropriate use of language and their ability to put together and 
integrate what they knew. 

Relations 
The failure to recogmse the fact that network, chain and cycle are 
analogies was used as an opportunity to give a fuller account of the 
assumptions in these concepts and encourage the students to talk about 
the leve! of abstraction hidden in apparently easy subjects. These matters 
have been individually dealt with by Peterfalvi et al. (1986). We, too , 
observed conceptual obstacles to the understanding of alimentary 
relations and to the correct use of their associated metaphors. 
Stimulation of a systemic view of the environment through the use of the 
cards and the examination questions resulted in the identification of very 
few types of relationship . Environment as a complex system is hardly 
perceived, even though the course itself had been founded on this form of 
interpretation. 
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The choice of cards for the relationship exercise may have restricted the 
creativeness of the students by offering limited stimuli to identify non
alimentary relations and focussed their attention on predator-prey 
relations. Nutrition, too, is readily recognised as a primary need common 
to ali living beings (Perazzone, 1994). In addition, the difficulty of 
conceptualising gases as matter (Astolfi et al., 1993) makes it less easy to 
detect the connections between plants and animals. 
Why the students found it hard to recognise a relation of parentage, or 
one linked to functions and/or behaviours (selection of a den, relations o f 
cooperation, etc.) ? This may stem from the dichotomy between school 
leaming and personal experience: knowledge that is obvious in daily life 
has no active counterpart at school, and vice versa (Dodman, 1999; 
Casassa, 2000). Alimentary relations between living beings are those 
most studied and described in textbooks, including the use of specific 
analogies. They are thus the first that come to mind when an answer has 
to be given to a question in a school-like setting. 
Evolution and adapta/ion 
As observed by Dagher & Boujaoude (1997), the mam misconceptions 
were: 
• the end product of evolution is man (also regarded by many students 

as the most "perfected" form) 
• monkeys have evolved into humans 
• evolution is a process that primarily concerns individuals. 

Moreover, as shown for college students by Ferrari & Chi, (1998), few of 
those who thought about evolution used a sufficiently extensive ti me 
scale or concepts (e.g. "population") that were appropriate and correctly 
interlinked (e.g. genetic features, the role of the environment, 
transmission of information). 
These results, together ,vith the observation of the unawareness of the 
meaning of the term "adaptation" in evolutionary biology, in addition to 
bringing to light a sketchy biological preparation in the high school, 
enabled us, thanks to subsequent discussions with the student, to realise 
that rnany of them were using concepts mediated by other subjects, 
especially psychology and pedagogy, without reflecting on possible 
changes in meaning linked to changes of context. 
Reasoning about one's mvn knowledge 
A critica! feature that appeared in the activities conducted during the 
course and in the final examination was the surprise and embarrassment 
displayed by the students when asked to express concepts in their own 
words, determine the main points of a tapie, devise links between subjects 
in biology and express biological subjects in a language suitable for young 
children. Such knowledge of biology as they had was superficia l and 
expressed in words and definitions learnt by heart and never weighed up 
and made part of their own thinking. 
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When they actually managed to arrange their ideas about even very 
simple subjects in an independent, creative fashion, they appeared to 
have crossed a horizon into a stimulating new world with many things to 
be explored, though the data obtained so far are not enough to show 
whether this is really the case. 
Didactic "transposition" 
The answers to the didactical questions provided valuable information 
about the students' misconceptions of disciplinal knowledge and their 
implicit teaching models (Hewson & Hewson, 1997). Very few saw 
themselves as having pupils with whom they could engage in dialog and 
discussion. The difficulty in grasping the meaning of the questions and 
limiting the boundaries of the answers (already apparent in the contents 
questions) is translated, in the case of teaching suggestions, into proposals 
that often lacked a common thread, wherein activities of a very different 
kind were suggested as the result of an association of ideas, or even 
because they sounded similar. 
The fact that the students rarely made a habit of thinking in depth was 
again apparent. They were barely aware of a young child's ability to 
reason and wonder about things, on the one hand, and of the level o f 
abstraction of more concepts, which end up by being meaningless labels 
for primary school children, on the other. 
Evaluation of our teaching proposals 
When compared with the objectives set at the start of the course, the 
results showed that our teaching proposals were inadequate. This, we feel, 
was partly the outcome of the low level of both the students' previous 
scientific education (many said they had never learned anything about 
biology) and their attendance. 
Sorne features, however, could be usefully improved by changing the 
teaching proposals themselves: 

correction of weaknesses and incongruences in the proposed 
activities 
devotion of more time to systematic thinking about ways of 
acquiring knowledge 

The activity with the cards has, in fact, been altered. Attention is now 
initially drawn to the variety of interdependent relationships to be found 
in an ecosystem, and to the fact that an observer may well focus on some 
relations that are more readily discerned, or which interest him for 
practical reasons or because they form part of bis studies. Then the cards' 
activity is proposed, which explicitly underscores alimentary relations 
and is the prelude to further thought about specific concepts, such as the 
cycle of the elements and the biomass pyramid. 
The data collected with regard to evolution - fragmentary notions, failure 
to perceive the time scale, and the fact that the students found it hard to 
think of evolution as a process - suggest the preparation of tests that 
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require identification and linking of the structuring concepts indispensable 
for a correct interpretation of evolution, and encourage students to think 
about its linguistic aspects (Slisko & Dyksta, 1997). 
Primaiy school textbooks have been occasionally subjected to critica! 
examination during these two years. This work has proved both 
interesting and stimulating. Our intention is to both extend it and apply i t 
at several levels: scientific contents, language, pictures ( e.g. Kearsey & 
Turner, 1996), the idea of science that is conveyed. 
General considerations 
In view of the low leve! of the initial knowledge of the students and their 
irregular attendance, one way of reorganising the course would be to 
devote more time to the acquisition of knowledge by replacing group 
discussions and thought sharing with conventional lectures. But the 
elements we have collected and the support of authoritative op inions 
(e.g. Hodson, 1998) suggest further experimentation of activities that 
involve the students directly and use various approaches to biological 
knowledge: 

the disciplinal approach, which stimulates to wonder about the ways 
in which ne,v knowledge is built up and recounted by the scientific 
community (selection of the variables, invention of metaphors, 
etc.) ; 
the individual approach: this translates into awareness of the 
relations that we as living organisms weave with other living beings, 
present and past, and with the continually changing environment; 
the teaching approach: this encourages thinking about how and to 
what extent we master what we know and are able to "translate" it 
through the appropriate selection of words and concepts so as to 
enable young children to make use of it. 
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HANDS ON ACTIVITIES IN GENE TECH~OLOGY EDUCATION 
DO STUDENTS GAJN FROM THEIR EXPERIMENTAL 

EXPERIENCE? 

1 Background 

D01ie Hammelev 
IMFUF A, Roskilde University 

As gene technology plays a very important role in modern society it is 
an important part of the biology currículum in the Danish educational 
system too. Recent studies like the Eurobarometer ( 1997) show a fairly 
low understanding for DNA and DNA-technology among ordinary 
people. That study is canied out on European adults . Another study 
canied out in the UK on 14 - 16 years students show limited 
understanding of DNA-technology although these students showed a good 
general understanding of genes (Lewis, J. et ali 1997). A small Danish 
survey presented to both 14 and 16 years students using some of the 
Eurobarometer probes showed a questionable understanding of genes and 
their function (Frandsen, K-E. , et ali. 1999). 
Although the main reason for doing labwork with students according to 
the teachers is to help students to link theory and practice (Welzel, M. et 
al 1999), research in this field, reviewed by Hodson (Hodson 1993), 
states that this type of work do not always give the students a better 
theoretical understanding. However these findings are not conclusive, and 
it is my point of view that the learning outcome depends on the context, 
the learning environment and how important the content is for the 
students. As a part of the learning environment the typcs of labwork and 
how they are carried out means a lot. Johnstone and Wham focus on the 
importance of creating a suitable learning environment doing labwork to 
avo id the students' minds to be overloaded working with too many new 
questions, apparatuses and unk.nown equipment at the same time 
(Johnstone, A. H. , and Wham , A. J. B. 1982). Therefore preparation of 
the lab sessions are very important. But the debriefing of the labwork, 
results including the applications and implications in the socity might be 
the most impo1tant part of the practica! work to help students to link 
theory and practice. 
Teaching students in a ce1iain subject besides teaching factua l k.nowledge 
means introduction into the special subject culture too, (Brown, J. et al 
1989). Experimental labwork in e. a. DNA technology plays a central 
role in the biotechnology culture. It is therefore not possible to introduce 
students into that subject without introducing them to the culture of 
DNA-technology. This is also why the Danish biology currículum, that 
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experiments and other practica! work have to be an integrated part of the 
subject taught, with the expectation of creating a better understanding of 
biological theo1y and scientific working methods. One of the reasons for 
introducing the DNA-labworks were to make the teaching in DNA
technology more authentic which according to Ausubel is one of the basic 
conditions for meaningful learning (Ausubel et al. 1978). Brown et al 
(Brown, J. et al 1989) emphasise too the importance of authenticity for 
situated learning. Performing problem solving labwork with DNA-analysis 
similar to those solved in professional life might create such a situation 
especially if there in the debriefing is refered to the professional use of 
the same technique. 
This study compares students' different conceptional knowledge on DNA 
and DNA-analysis methods with their experiences working with different 
types of labwork during their A-level course. The too] is an analysis of 
the students' performance to a task from the National A-leve! 
examination paper 1999. Fu1ther it is discussed whether the wordings of 
the examination questions investigated are appropriate so the students 
answer along the lines expected. Using this method it is not possible to 
investigate how the students have been introduced into the different 
types of labwork and how the lab. sessions have been carried out and 
debriefed. The study will only focus on to which extend the students are 
able to use their gained practica] experienses in performing the 
examination task examined. 

2 Types of gene technology Iabwork used at A-leve) biology in 
Denmark 
Biotechnology as such is a compulsory subject within Biology. As a part 
of teaching in biology Danish teachers do different biotechnology 
labwork together with their students. The following list of labwork is 
based on teachers' annual repo1t to the Ministry of Education for the 
school year 1998/99 on prepared materials for the A-leve! examination. 
Altogether 171 classes did A-leve] biology in the school year 1998/99. 
The prepared examination materials of 167 classes were examined with 
special focus on practica] labwork using the teachers annual report to the 
Ministry of Education as source. This is 98% of all A-leve] classes this 
year. The number of students in these classes will vary from 5 to 2 8. 
Table 1 summarises the teachers' information on their 167 classes' 
labwork. 
A-leve] students have to include 15 reports on different labwork in their 
prepared examination materials, but it has to be negotiated between the 
students and their teacher in which subject the labwork and the reports 
are done. Thus all A-leve] students do work with biotechnology but they 
do not all work practica! in the lab with this subject. 59% of ali A-leve! 
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biology classes have included one or more of the above described labwork 
in their prepared materials in 1999. The rest, 41 % the classes onl y 
include theoretical texts on biotechnology in their prepared examination 
materials. 

Table 1. Percentage of classes doing DNA-labwork at A-level. Source: 
Teachers annual report to the Ministry of Education on 
prepared materials for the A- leve! examination 1999. 

Cleaning up DNA from omons or other biological 31% 
materials 
Cleaning up bacteria! DNA, Plasmids etc. 6% 
Transformation of bacteria or yeast 8% 
DNA restriction analvsis and electrophoresis 31% 
Electrophoresis of amino acids or proteins 18% 
Analvsis of the size of different fragments of DNA < 1% 
PCR technique < 1% 

3 Analysis of the examination task performed 
An examination paper contains two majar tasks which need a detailed 
performance, and four to five smaller ones which are expected to be 
more briefly performed. The students have to choose to perform one 
majar and two of the small tasks. The duration of a written examination 
is five hours. Ali rnaterials, books reports etc . used during the course, are 
available for the students during these five hours. 
I have investigated whether the students performance on the first 
questions (Aa and Ab) of the task Menkes disease (see below) reflect their 
practica! experiences from their labwork. The task's A questions are as 
follow: 
Menkes disease 
Menkes disease is a rare hereditary disease due to a mutation in a gene 
coding far a copper transporting protei11. The gene can be detected by a 
DNA-ana/ysis. 
Questions to be answered: 
Aa. Based on i11formation given in figure 1, present a possible 
explanation on how the gene far 1vfenkes disease is inherited. fnclude 
possible genotypes far the persons /I-1, If-2 and llf-8. 
Ab. Exp/ain how a DNA-analysis as the one shmvn in figure 1 can be 
done. 
The B questions are not included in the investigation due to no relation 
to gene technology. 
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Figure l. Family tree from a family where Menkes disease occur including 
a DNA-analysis on sorne of the family members. 
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4 Factual information on the A-level biology in Denmark in 1999 
A-leve! students have to pass both a written and an oral examination. 
Altogether 2649 A-leve! biology students sat for the written part of the 
examination in 1999 only 42% of those students had chosen the exercise 
on Menkes disease. I got permission from 102 students from all o ver 
Denmark to use their answers anonymously in my investigation. Two of 
the answers had to be left out due to bad copy quality. That gave me 
exactly 100 answers to examine. This is 9% of the students that actually 
performed the task investigated. 

5 Research questions 
When working with gene technology students get different images of 
DNA and how to investigate it. This is among other things due to the 
fact that DNA can only be recognised if special investigation methods are 
used. The result of using for example a DNA analysis - a gel picture as 
seen in the figure 1 - therefore contributes to the envision of what DNA 
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looks like so to speak, how it behaves in the analysis, what is possible to 
investigate and where the limits are for what is possible to investigate 
using a specific method. This leeds to the following research questions: 
• Do students who have worked with different labwork within DNA-

technology during their course show a better understanding with less 
misconceptions in their written examination than those who did not do 
labwork? 
• Is the examination questions investigated a fair test of the students 

conceptional knowledge of DNA-technology ? 

6 The investigation method 
The students' answers on question A was coded using the following 
categories. (The numbers in the parenthesis behind refers to the database. 
A total list of codes will be given in the appendix): 
1. The answers sho,v understanding for the principals of a DNA-analysis. 

(code 3 and 4). 
2. Co1111ectio11 between theory and practise is shown in the explanations 

given inco1porating the gel-picture (code 6). 
3. Students' expressed images on DNA and DNA-analysis are described, 

(code JO). 
4. The labwork students have worked with during the course. Information 

from the teachers annual report to the Ministry of Education 1999 
(code 11). 

The coding has been discussed with three different colleagues, ali 
experienced in marking written examination papers. The codes that were 
valued diff erently were changed. The data programme Excel has been 
used to handle the coded answers. 

7 Results and comments to the results 
Does rh e ansiver show an understanding for the principies of a DNA 
analysis ? (code 3, 4). 
* 67% of the students present a correct explanation of varying length of 
the principies of a gel electrophoresis. This is coded as "Ja". 
* 18% of the students describe gel electrophoresis without any 
explanation, or just use the words "gel electrophoresis" in their answers. 
This is coded as "Je". 
* 15% of the students present a wrong or do not refer to gel 
electrophoresis as a rnethod, (coded as 3d + Je). 
* 24% of the students give a correct explanationof veaying length of the 
principies of a procedure befare the electrophoresis, the restriction 
analysis or PCR. This is coded as "4a". 
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* 13% of the students describe restriction analysis without any 
explanation, or just use the words "restriction analysis" in their answers. 
This is coded as "4c". 
* 63% of the students present a wrong explanation or do not refer to 
restriction analysis at ali, (coded as 4d + 4e). 
The overall impression is that the students are very economical with 
their writings. Sorne write extremely short answers. The reason -could be 
that they have desired to spend their time on other tasks. To discuss 
whether a sho1i or no answer implies lack of knowledge I combined code 
3 with code 4. There seems to be no connection between the students 
that present the correct explanation of gel electrophoresis (3a) and those 
presenting the correct explanation of the restriction analysis, the first 
part of an DNA-analysis, (4a) . Another, later, study on a group of A
leve! students answering the same question, or a rephrased version whom 
I interviewed later shows that the students know much more than they 
write. In this study the students all knew about the whole procedure but 
found it equally just as important to explain the electrophoresis 
procedure. This was due to the gel picture in figure 1, which for them 
only had to do with the electrophoresis procedure, (Hammelev, D. 2000 
unpublished). Consequently all the students' knowledge on the subject are 
not reflected in their answers of the question but have to be investigated 
with other means e.g. interviews. 

Do students connect theory and practise in the way they incorporate the 
gel picture in their answer (code 6)? 
* 36 % of the students use the picture in a theoretical explanation of a 
DNA-analysis. This is coded as "6a". 
* 27% of the students only use the picture in the explanation of question 
Aa (the genotypes) with no reference to the gel electrophoresis method. 
This is coded as "6b". 
* 10% do only describe the picture without any interpretation coded as 
"6c". 
* 27% of the students do not mention the picture at all coded as "6d". 

8 A possible relation between theory and practice (code 3 + 6) 
Do students who demonstrate understanding of the electrophoresis 
procedure ( code 3) also integra te the gel picture from figure 1 in their 
explanation of the procedure (code 6)? Figure 2 shows the result of the 
investigation. The meaning of categories is summarized below: 

3a: Any explanation, short or more extensive, of what the principal 
of a gel electrophoresis is. 
3c: Description of or referring to gel electrophoresis . 
3d: Wrong explanation of gel electrophoresis. 
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Je: No references to gel electrophoresis. 
6a: Theory included in the analysis of the gel picture 
6b: The picture is only used in the explanation of question Aa 
6c: Description without explanation 
6d: The picture is not mentioned at all 

Figure 2. Do the students link theory with practice? 

-~ '-
3a 

3c , ...,..,.,••-.ol!'II 
~ ·~ ' 

3d ~ ~ •••••••• 
> '-

3e. 6a 6b 6c 
' o 

6d 

77 

There is no clear distinct relationship between the two sets of data, but 
two different types of students' profiles can be drawn from figure 2: 
Students projt!e I: Correct explanation of the gel electhrophoresis 
procedure (3a) referring to and related to a correct explanation of the gel 
picture (6a). This profile encompass 31 % of the students. 
Students profile JI: Correct explanation of the electrophoresis procedure 
(3a) but not referring to or relating it to the gel picture. Consequently 
they do not relate theory to practise. This profile encompass 20% of the 
students. \Vhether these two profilcs of students can be maintained when 
scrutinised by other methodological means e.g. interviews are postponed 
for further investigation and not included in this study. 

What images do the student have on DNA and DNA-analysis? (code 1 O). 
(Special expressed images are described later). 
* 63% of the students show correct irnages of DNA and DNA
investigating methods in their answers (lüa). 
* 6% of the students show both correct 1111ages and misconceptions in 
their answers (1 Oa,b ). 
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* 24% of the students demonstrate misconceptions in their answers 
(lüb) . 
* 7% of the students do only refer to or repeat the text from the 
exercise. These are therefore coded as "no images" (1 Oc). 

9 Special expressed images 
60 students expressed more specific images of DNA and DNA
investigating methods in their answers. They are coded as 1 0aa. T he 
misconceptions are coded as lübb. 
Correct images (1 0aa) are represented by statements like: 
"III-10 has a thicker DNA-band in the picture because it is from a woman 
with two X chromosomes" or "from the picture it is seen that III-8 and 
III-9 have a gene in common", 
"Through mutation the DNA-fragment obviously become smaller.. (sorne 
mention loss of a base sequence) ... , and will therefore move faster in the 
electrophoresis gel" or .. "restriction enzymes cut DNA differently if a 
mutation occurs causing differences in speed of migration" (in a 
electrophoresis gel). 32 students have expressed statements like these. 
Misconceptions (1 0bb) are represented by statements like: 
"Whole chromosomes are migrating in the gel, here X and Y, "It is 
protein that is investigated in a DNA-analysis" or explanations of DNA 
and protein are mixed up. "DNA and RNA are actually proteins so they 
can be separated too in an electrophoresis", "The gel picture shows the 
result of a base sequence analysis". 28 students have expressed statements 
like these. 

What sort of practica! labwork have the students worked with during the 
course? 
(Information from the teachers report to the Ministry of Education, code 
11) . 
Four types of labwork have been chosen as the basis for this 
investigation. 
1. Restriction analysis of DNA, 
2. DNA cleaning procedures using different materials, omons, bacteria 
etc, 
3. Protein- or amino acid electrophoresis, all done in the school. These 
labwork activities have all been carried out in the school lab. 
4. Sorne classes have participated in an outside school labwork activity 
e.g. a course given at a university where they have worked with different 
advanced techniques like base-sequence analyses including gel 
electrophoresis on the DNA fragments. 
Sorne classes have worked with more than one type of the labwork. Other 
classes have not worked with any DNA labwork at all. By chance ali the 
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students in this survey that have worked with protein- or amino acid 
electrophoresis, had labwork experiences with DNA cleaning procedures 
using different materials. Students labwork experiences are categorised 
(see appendix) and recorded as follows. The persentages show how many 
students have done the actual labwork: 

11 a. Restriction analysis of DNA 22% 
11 e. DNA-cleaning procedures using different materials, 19% 
onions. bacteria etc 
11 b. Both 1 la and ! le 10% 
l lg. Protein- or amino acid electrophoresis + lle 12% 
11 d. Outside school labwork activitv 11 % 
11 f. No DNA labwork experience at ali. 26% 

10 Understanding of methods and practica( experience (code 3 
+ 11) Possible relation? 
In figure 3 understanding of the method of electhrophoresis ( code 3) is 
related to practica! DNA lab. experiences gained through the A-leve! 
course (code 11) to investiga te the possible connection between theory 
and practice . The meaning of categories is summarized belo\.v: 

3a: Any explanation, short or more extensive, of what the principal 
of a gel electrophoresis is. 
3c : Description of or referring to gel electrophoresis. 
3d: Wrong explanation of gel electrophoresis. 
3e: No references to gel electrophoresis. 

Two findings can be drawn from figure 3. First it seems that doing 
practica! labwork pays off in that respect that students with individual 
experiences from lab\vork give more and better explanations of the 
electrophoresis procedure than those without experience (11 f). Secondly 
more students from the 11 b- and 11 e group give a correct explanation of 
the electhrophoresis than students from other groups. This is an 
interesting finding due to the fact that the 11 e group have not been 
working with the electhrophoresis procedure investigated. An 
explanation could be that a DNA cleaning procedure is simple enough to 
give the students time and excess of mental energy to survey the 
procedure and be familiar with the concept of DNA. Surprisingly the 11 a 
group do not explain the method as correct as the 11 b- and 11 e group 
even so that they have done the actual DNA analysis could be that the 
procedures have stressed the students in their demanding elaboration that 
have caused students minds to be "unstable and overloaded" so they are 
unable to react sensibly described by Johnstone and Wham (1982). The 



80 Proceedings ofthe !!/ Conference ofEw;opean Researchers in Didactic of Bio/ogy. 
Seprember 27rh-Ocroberlst 2000. San tiago de Compostela (Spain) 

DNA-restriction analysis is often carried out using a kit in contrast to the 
the electhrophoresis of protein or amino acids. The last set up might 
create a more fruitful discussion and debriefing in the classroom on the 
procedure and the application of the technique. Further work to be able 
to explain students' different use of gained lab. experiences 1s necessary 
and not included in this paper. 

Figure 3. Relation between method understanding of the electrophoresis 
procedure (code 3) and the students' labwork experiences based 
on the teachers' annual repo1i ( code 11 ). Each category is made 
up in percentage based on the whole group. 
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Figure 4. Match between students' images of DNA (code 10) and their 
labwork done during the course ( code 11 ). Each category is 
made up in percentage based on the whole group. 
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The students' use of their lab. experiences can also be investigeted by 
relating the labwork done during the A-level course (code 11) with the 
students' images of DNA and DNA-analysis (code 10). This is done in 
figure 4. The meaning of categories is summarized below: 
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Figure 4 shows that students with experimental experiences on the whole 
have expressed more correct images of DNA and DNA-analysis compared 
to students without experimental experiences, (11 f) except for the 11 d 
students. These students with experimental experiences from an outside 
school labwork activity have the highest proportion of misconceptions 
at all, even higher than those without experimental experiences. Only 
25% of these l ld students express correct images. This reflect the view 
that doing experiments is of little value, if the students cannot survey the 
experimental situation. Students following an outside school labwork 
activity will often be mentally overloaded as desc1ibed by Johnstone and 
Wham ( 1982). It could among other things be due to many new and 
advanced apparatuses and a stressed programme to fit in as techniques as 
possible. This will often be a demand from the teachers that would use the 
opportunity to show the students the authentic use of certain procedures, 
which are difficult to carry out at the school. Therefore these courses 
have to be planned very carefully together with the teacher to make a 
meaningful Jearning situation for the students . Possib]y lack of sufficient 
debriefing after the lab seccesion or prosponed to later back at school can 
be another explanation. 
The reason why the 11 b group have the highest score at all (90 % of the 
students express correct images) could have to do with the fact that the 
11 b' s have spend much more time in the lab. possibly more than one day. 
In that respect the l lg group show a high understanding too (with 71 % 
of the students showing correct images) in comparison with 11 b. It is not 
as high as the 11 b due to their work with another method o f 
electrophoresis. 
To investigate the difference between those students that have worked in 
the school lab. with DNA investigations with those that have worked in 
an outside school activity and those that have not worked with DNA 
labwork at ali the three groups are compaired in figure 5. The meaning of 
categories is summarized below: 

1 0a: Correct images 
lüa,b: Equal amount of correct answers and misconceptions 
1 0b: Misconceptions 
lüc : No images 
11 a,e,b,g: Labwork done in the school lab 
11 d: An outside school labwork activity 
llf: No DNA labwork at ali. 
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Figure 5. Match between students' images of DNA (code 10) and their 
lab. experiences (code 11). All students that have done labwork 
in their school lab. is shown as one group. 
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Figure 5 shows that students that have worked in the school lab. have far 
better understandig and more correct images on DNA and DNA 
technology than both students that have done labwork outside their 
schoollab or those or those without DNA labwork experiences. 76% of 
the school lab group (1 la,e,b,g) show correct images in their explanations 
when performing the task given in the examination paper. Only 30% of 
the outside school labwork group show correct images. In contrast 42% 
of the group without DNA labwork experiences show correct images. 

11. Discussion 
Looking at the relations between the expressed images/misconceptions 
described in details in "9. Special expressed images" lab. experiences 
sharpen the tendency already seen in figure 4. 61 % of the 31 students 
that worked at school express correct images. 50% of those not doing 
DNA investigations at ali (11 f) and only 20% of the outside school 
labwork activity group (11 d) express correct images. This emphasize 
again the viewpoint that the experimental environment has to be 
planned and debriefed very carefully to ensure a decent outcome for the 
students.Unfortunately the investigation method chosen cannot be used 
to gain information about the instruction given before carrying out the 
labwork. Neither can the method be used for information about what 
have been discussed in the debriefing. 
The use of labwork like DNA analysis in teaching gene technology could 
possibly create an authentic learning situation for the students, one of the 
basic conditions of meaningful learning, which is originally described by 
Ausubel (Ausubel et al. 1978). On the other hand it depends very much 
on whether the students find the DNA analysis labwork authentic, and 
whether the labwork manual gives students a chance to adapt the 
investigation, so they feel ownership for the investigation. My study 
cannot answer this question. But the investigation can record the results 
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of doing labwork, namely the students' actual use of their individual 
labwork experiences in their answers. 
The actual way the two sub questions Aa and Ab are phrased as two 
different questions is not helping the students to see the connection 
between them. On the other hand the gel picture shown as an integrated 
part of figure 1 could possibly be helpful for the students, but it is not 
possible in this study to verify whether the students actually see this 
connection. 
A teacher' s role will often be questioned in situations where it comes to 
students ' performance in an examination situation, but the students' 
answers given in this investigation seem to be very individual with no 
reference to certain group specific explanations for the actual classes 
examined. 

12. Conclusions 
It can therefore be concluded from the study: 
* Students introduced to the central parts of the biotechnology science 
culture represented by the labwork develop a more correct conception o n 
DNA and DNA-investigations as a whole 
* The type of labwork chosen is very important due to students ' ability 
to survey the investigation done in the lab . lt is important not to create a 
situation that could cause students' minds to be "unstable and 
overloaded". The most simple labwork with known and simple equipment 
seems best to suppo11 the students' correct images. Alternatively they 
have to work with more than one DNA-labwork for a comparatively long 
period. 
* The classes that have participated in an outside school labwork activi ty 
seem not to have gained a better conceptions of DNA, possibly due to 
overloading. 
* The way question A is constmcted does not suppo11 the students in the 
best way to express their knowledge and images of DNA. On the other 
hand it is not clear whether a rephrased question will change that. 

13. Reservations 
* The number of examination scripts examined is only 100 and when the 
answers are divided into groups with different labwork experiences, sorne 
of them beco me very small. Especially the 1 1 b-, 11 d- and the 11 g 
category is fairly small. The category 11 d only contains students from 
two classes. It could be a question about the way these two specific 
courses have been carried out. It has therefore no meaning to do statistic 
calculation on the different sub categories sat up. On the other hand there 
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is no doubt it is worth examining these courses in relationship to students 
images on DNA-technology. 
* lt is a real problem to investigate only a part of a whole examination 
script due to the fact that the students themselves choose where to 
emphasize their answers and therefore devote time. 
* Coding students' answers too can always be discussed especially when 
trying to code students images implied in their answers. 
* Not all students have participated in all the labwork due to absence. 
That will especially be a problem for the outside school labwork activity 
(11 d) because there is no chance for them to have another go on results 
or apparatuses etc. later than the actual lab. day 
* It is sometimes difficult too to follow students' argumentation in their 
answers. That may be due to the very sho1i time they have to answer the 
questions. Some do not use any arguments at ali. They use only the words 
from the text in the task. 
* This study is not able to tell what other experience the students have 
gained from the courses outside school. 
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Appendix 

TOTAL LIST OF CODES 

l . Does the answer show an understanding far the principies of DNA
analysis? (code 3 + 4) . 

3a: Any explanation, short or more extensive, of what the principal 
of a gel electrophoresis is. 
3c: Description of or referring to gel electrophoresis. 
3d: Wrong explanation of gel electrophoresis. 
3e: No references to gel electrophoresis. 
4a: Explanation -short or more extensive- of what the principal of 
a restriction analysis is. 
4c: Description or just mentioning "restriction analysis". 
4d: wrong explanation of a restriction analysis. 
4e: No mentioning of "restriction analysis". 

2. Does the student connect the01y and practise (the investigation 
methods) in the explanations given, ar In which way incorporate the 
students the gel picture in their answer? (code 6) . 

6a: Theory included in the analysis of the gel picture. 
6b: The picture is only used in the explanation of question Aa. 
6c: Description without explanation. 
6d: The picture is not mentioned at all. 

3. What sort of images does the student have on DNA and DNA-analysis? 
(code JO). (Special expressed images are described). 

1 0a: Correct images. 
lüa,b: Equal amount of correct images and misconceptions. 
lüb: Misconceptions. 
1 Oc: No images. 

1 0aa expressed correct images. 
1 0bb expressed misconceptions. 

4. What sort of practica! labwork have the students worked with during 
the course? (lnformation fi'om the teachers report to the Ministry of 
Education 1999, code 11). 

l la. Restriction analysis of DNA. 
11 e. DNA-cleaning procedures using different materials, onions, 
bacteria etc. 
l lb. Both l la and lle. 
11 g. Protein- or amino acid electrophoresis + 11 e. 
11 d. Outside school labwork activity. 
11 f. No DNA labwork experience at all. 
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COPING WITH THE ABSTRACT ANO COMPLEX NATURE OF 
GENETICS IN UPPER-SECONDARY BIOLOGY EDUCATION -
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PROJECT 

Marie-Christine P.J. Knippels, Arend Jan Waarlo & Kerst Th. Boersma 
Centre for Science and Mathematics Education, Department of Biological 

Education, University of Utrecht, The Netherlands 

1 Introduction 
Genetics is known as one of the most difficult topics in biology courses 
for both students and secondary science teachers (Stewart, 1982; Finley 
et al., 1982; Bahar et al., 1999). Numerous studies concerning secondary 
school and university students, have reported difficulties students 
encounter in understanding the concept of inheritance (Smith & 
Simmons, 1992; Stewaii & Hafner, 1994). 
This study aims at developing an adequate and research-based educational 
strategy for learning and teaching genetics in upper-secondary biology 
education. The research approach can be characterised as 'developmental 
research' (Lij nse, 1995). 

2 Design of the study 
Developmental research implies that in developing and testing adequate 
solutions to learning and teaching problems, both theory and teaching 
practice play an impo1iant role. Educational researchers and teachers co
operate in defining and developing learning activities and testing these in 
classroom settings. Severa! rounds are needed to optimise the strategy. 
In this project three empirical cycles in different schools (case studies) 
have been planned, preceded by an analysis and an explorative stage. In 
the analysis stage, the main difficulties in genetics education were 
identified. In the following explorative stage, more in-depth data about 
these difficulties have been gathered using various sources, both 
theoretical and practica!. Subsequently, focus was on idea building and 
defining criteria which an adequate learning and teaching strategy, based 
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011 these differe11t sources, should meet (figure 1). A preliminary 
educational strategy has bee11 constructed and tried out in practice. 

Figure l. Development of a learning and teaching strategy: an extensive 
interplay between various research activities and strategy-in-the-making 

Development ofbiological 
view (systems theory, 
leve Is of biological 
organisation, biological 
thinking skills) 

Conceptual analysis of 
(school) genetics 

Study of learning and 
teaching theory 

Reviewing literature on 
educational research in 
genetics 

Consultation of experienced 
biology teachers 

Problem diagnosis 

Explorative study ___ _..,. 

Currículum analysis of 
( school) genetics 

In the developmental research approach, the strategy will evolve in a 
process of cyclic empirical testing of scenarios, i.e. successive case studies 
(figure 2). A scenario is a context specific, detailed description of the 
expected teaching and learning processes, including teaching and learni11g 
activities and intended learning outcomes. lt is a set of 'hypotheses' to 
test empirically the adequacy of the strategy. When the scenario runs in 
practice, data are collected a11d a11alysed in order to evaluate the scenario 
and its u11derlying strategy. Subsequently, the evaluation outcomes are 
being used to adjust the scenario and the strategy in order to make them 
more adequate. The revised strategy and scenario will be tested in a 
seco11d case study, i.e. second empírica! cycle. So, developmental research 
is a kind of learni11g process itself through reflectio11 011 research 
activities and findings, resulting in a domai11 specific learning and 
teaching strategy or theory (figure 2). 
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Figure 2. Cyclic development of a domain-specific learning and teaching 
strategy 

Round l 
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STRATEGY 3 

SCENAR1O 3 ► etc. 

Rejlection 

Domain-specific learning & 
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3 Main difficulties in genetics education 
In the analysis stage of the study, the rnain difficulties in teaching and 
learning genetics were identified by reviewing the literature and additional 
focus group interviews with 19 Dutch upper-secondary biology teachers . 
Two key issues were selected and are being addressed in this study, i.e. the 
abstrae/ and complex nature of genetics (Knippels et al., 2000). 
In teaching practice a separation in time and space of Inheritance, 
Reproduction and Meiosis results in abstract subject matter. The complex 
nature of the subject of genetics refers to the manifestation of heredity 
phenomena on different levels of biological organisation, and the 
cor:responding use of different vocabularies. Adequate understanding 
requires backward-and-forward thinking between molecular, cellular, 
organismic, and population leve! and connecting the vocabularies. 
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The literature study also revealed that there is a gap between theory and 
practice: articles on genetics education are either research based, i.e. 
description and analysis, or can be characterised as practica} notes. The 
former often get stuck in rather vague 'implications for educational 
practice' and the latter merely pro vide solutions to practica} problems 
without scientific explanations. The developmental research approach 
promises to narrow the gap between theory and practice. 

4 Need for explicit biological thinking 
In this section the complex nature of genetics and the need for explicit 
biological thinking, will be illustrated by the example of sickle cell 
anaemia. lt will be clear that in order to understand how a lethal genetic 
disorder could survive natural selection, one should be able to use the 
concept of 'heredity' on different levels of biological organisation. A 
minor change in DNA (point mutation) leads to a different amino acid, 
resulting in a change of the three-dimensional structure of haemoglobin 
and blood cells, which cause problems in the blood circulation and a lower 
oxygen absorption. This will result in symptoms of the disease 
( organismic leve!). On the population leve! sickle cell anaemia 
heterozygosity is related with protection against malaria. Due to this 
selection benefit the sickle cell allele remains in the population (see 
figure 3). 

Figure 3. The complex nature of genetics: manifestations of sickle cell 
anaemia on different levels of biological organisation. 

Population Malaria 

Organism 

Cell • 
A.A 

Molecule 

One allele far sickle cell 
anaemia protects against 
malaria . Selection benefit 

Symptoms of disease 
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Change in three-dimensional 
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(point mutation) leads to a 
different amino acid 
(A.A) 
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So, inheritance on the organisrnic leve] can be explained by describing 
phenomena on the lower levels and using different concepts. An adequate 
understanding requires backward-and-forward thinking between those 
levels of biological organisation. Biological thinking in general includes 
backward-and-forward thinking between levels of biological organisation 
and using appropriate vocabularies. A biologist (e.g. teacher) has 
interiorised this thinking skill and uses it automatically. Students tiying to 
learn genetics get into trouble, because biology teachers and schoolbook 
authors often jump implicitly from one leve! to the other. 

5 Towards an adequate learning and teaching strategy 
In order to promote biological thinking skills and to overcome the 
identified learning difficulties, we started with idea building and defining 
criteria concerning an adequate learning and teaching strategy. In addition 
to the biological and genetic considerations discussed in the previous 
section, qualitative data were collected through various sources in an 
explorative study: twelve lessons of a traditional upper-secondary 
genetics course were observed and audio-taped. The open interview 
method was used to clarify the biology teacher's rationale of his genetics 
education practice. Fu1thermore, the 22 students were asked to keep a 
personal notebook in which they had to reflect on their learning 
outcornes, perceived difficulties, and questions that had come into their 
mind . Additional twelve face to face interviews were conducted and audio
taped, to gather more in-depth information on their observed and 
reported learning difficulties and to probe their genetic reasoning skills. 
The audiotapes were transcribed and analysed by close reading of the 
protocols, and highlighting the genetic reasoning patterns of the students. 
The rnost salient results were, that students had difficulties in relating the 
process of meiosis with the content of the genetics lessons. During the 
genetics course the mono- and dihybrid crosses were discussed and the 
students had to solve genetics problems. In the interviews most students 
<lid not realise, or were unable to explain, the relationship between 
meiosis and the representation of a monohybrid crossing in a Punnett 
square. Sorne students literally said: 'I can 't remember much about 
meiosis, beca use it was one year ago that the subject was taught ', 
although they used this process implicitly eve1y time they had to solve a 
monohybrid cross. Most students were well aware that both parents pass 
on genetic information to their offspring, but there was confusion about 
what exactly is passed on, and what the relationship is between the 
process and products of meiosis. Moreover, students had difficulties with 
the chromosome concept and especially with homologue chromosomes. 
They were either not aware of the fact that there are pairs of 
chromosomes, or they thought that homologue chromosomes were 
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identical. Students were often confused by genetics terminology. The 
findings are similar to those of Lewis et al. (2000a; 2000b ). 
Besides the explorative study, data were collected through iterative 
consultation of experienced biology teachers and through conceptual and 
currículum analysis of (school) genetics. Gradually, promising learning 
activities and their sequence emerged and were transformed into a 
preliminary strategy for learning and teaching genetics. 
So, the first educational strategy was based on the different research 
activities mentioned above and depicted in figure 1, and resulted from an 
extensive interplay between the analysed outcomes of these activities. 
This strategy, which aims at coping with the abstract and complex nature 
of genetics, meets the following criteria: 

To adequately sequence the subject matter, genetics education should 
start on the concrete organismic level students are familiar with, and 
gradually descend to the cellular level. 

- The relationship between meiosis and inheritance should be dealt with 
explicitly. 
Two main lines, the somatic line and the germ line should be 
distinguished. 
Students should explore the relationships between the levels o f 
organisation themselves (active and co-operative learning) guided by 
the structure of learning activities and/or teacher. 

This preliminary strategy was elaborated into a scenario and tried out in 
the first empírica! round (figure 2). The scenario consisted of 6 lessons, 
which met the main criteria stated above. The case study concerned two 
classes, 8 and 16 students respectively, of the highest levels of pre
university education (18 year old students). Qualitative research data 
originated from different sources: classroom observations; content 
analysis of completed worksheets, 24 written tests and 2 think aloud 
protocols of individual students; interviews with the teacher; 
teachers' reflections; students' logbooks; audio taped classroom and group 
discussions. 
The intended learning outcome can be characterised as a competence: 
students should be willing and able to use genetics concepts meaningfully, 
i.e. they should be able to distinguish the levels of biological organisation, 
to see the relationships between those levels and to relate sexual 
reproduction and heredity. 
The data derived from this first case study have been analysed in order to 
answer the following research questions: 
1. How <loes the scenario work, i.e. what are the evoked learning 

processes and outcomes? 
2. What indications can be extracted from comparison of the observed 

learning processes and outcomes with the scenario, for revising the 
learning and teaching strategy? 



Coping ll'ilh 1he abs!racl 011d comp!ex 1wlllre of'genelics in 11pper-seco11dwy biology ed11calio11. . 9 3 
Knipp e/s, M. C. P. J. , Waar/o, A. J. & Boersma, K. T. 

Based on the evaluation of the first case study, the scenario a11d the 
u11derlying educational strategy will be revised and tested in a second case 
study (figure 2). 

6 The first scenario in practice 
The first empirical round focused on generating new ideas and 011 
experiences with the scenario and doing practical research . It was not yet 
a fully cut-and-dried strategy. There were practica! restrictions 
co11cerning time and the period in the academic year in which genetics is 
taught. 
The sce11ario of the first case study dealt with the relationship between 
meiosis and inheritance and with disti11guishing the somatic line and the 
germ line. Stude11ts started 011 the organismic level by reflecting on 
external features, looking at themselves and their families, and giving 
examples of genetic traits. Stude11ts also had to elaborate on the influence 
of upbringing and environment 011 genetic traits. The purpose of this 
class discussion, which is the first part in the educational outline, is th a t 
stude11ts come across questions, i.e. how is it possible that you look like 
your pare11ts, but are not identical to them? This activity came up to our 
expectatio11s. Students wondered about what exactly genetic traits are. 
Their reactions i11cited the teacher to raise ali kinds of questio11s, like the 
11ext tra11script quotation will show (Teacher: T; Student: S): 
T: Oke, so now we are back to features like nasal pro.file, /ength of fingers, 

shape of the tangue. A II gene tic traits. But you said aids is hereditary? How 
do you inherit aids? 

Si: From mother to child. 
T: Yes, but how do you inherit it? 
Si: When one of your parents is a carrier. 
T: When one of the parents carries aids, the chifdren wifl get it. 
S2: Coufd be. 
T: So, what ive discussed in fower-secondmy biofogy cfass about 

contamination and save sex, that was al{ for nothing? 
SI: No, because it is also possible to get it when you are carrier of the disease 

and have sex with some one e/se, then you can pass it on. 
T: Yes, is there anyone who canjee! the differences between being a carrier of 

aids and being a carrier of an hereditary heart disease or breas! canco) 
S3: Yes, heart disease and breas! cancer are in the genes and aids is a virus, 

that 's not in your genes. 
T: But you coufd say that aids is a trait, whether it is hereditmy or nof.'? 
S4: f think it is not hereditary, unless you get aids by a muta/ion in your genes. 
S3: But when it is hereditary, then it onfy has to be due to the genes, so aids is 

not hereditary. 
After this introduction on the organismic leve 1, groups of students had to 
solve a problem concerning the relationship betwee11 sexual reproduction 
and gamete formation (meiosis), i.e. 'How will the offspring be affected 
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when a mutation occurs a) in the genetic material of a gamete b) in the 
genetic material of a colon cell? Explain your answer. ' 
Because students had to solve this problem in groups they had to explain 
their concepts of inheritance in their own words to each other. For 
students the main purpose of this task was to discuss their prior biological 
knowledge and to clarify their ideas. The group of students had to relate 
the features at the organismic level and cellular level themselves, and 
they had to distinguish between the somatic line and the germ line. The 
questions and difficulties they encountered in understanding and using the 
genetics concepts on a particular leve! of organisation, directed them to a 
next learning activity. 
One of the following learning activities was a chromosome practica!, in 
which students had to simulate processes and relate the genetic concepts 
on the organismic leve! (genetic traits, sexual reproduction) with the 
concepts and processes on the cellular leve! (meiosis, chromosomes, 
genes, alleles). A box with paper strips which differed in length and colour 
(representing chromosomes) was available for every group of students. 
Students had to pick four genetic traits of a well known family. Next, 
they selected three pairs of chromosomes out of the box in order to 
constitute a somatic cell of the father and a somatic cell of the mother. 
Subsequently, they needed to form gametes by the process of meiosis and 
finally to make a correct gamete combination for the offspring. So 
students have to relate various concepts and processes on the organismic 
and cellular level. This chromosome practica! was successful, because 
students were enthusiastically discussing their genetic concepts and 
difficulties they encountered in simulating the processes. The 
visualisation of the genetic processes on the organismic level and cellular 
leve) and the fact that they had to actively carry it out with strips of 
paper and genetic traits of a real family, made them understand it much 
better. 
So, the strategy in this first case study was based on descending from the 
organismic leve! via the cellular leve) (to eventually the molecular level) 
and relating the genetic concepts of these levels. The learning activities 
had been designed in a way that students would encounter problems 
(questions) which might motivate and invite them to participate in a 
next learning activity in order to answer their question. By co-operative 
learning the students got actively involved in the integration of new 
concepts into existing knowledge. 
We saw that most students were able to descend from the organismic 
leve] to the cellular and that they could describe the relationship between 
meiosis and inheritance. The written test showed that 19 students (80 per 
cent) were able to connect the process of meiosis with, reproduction and 
inheritance, and to explain this relationship correctly. Especially in 
group work we saw that sorne students were able to relate the different 
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processes very quickly, whereas other students still experienced 
difficulties. The advantage of co-operative learning was that students who 
understood it well could help the other students in the group discussions 
and assignments. Nevertheless, we think that we should add a kind of 
support for the students who get stuck, or are not able to keep up with 
the other group members. 
Another problem that occurred during this first case study, was a cut back 
on the reflection time by the teacher. In a co-operative learning situation 
it is important to discuss the task with the whole class. Reflection is 
crucial in the learning process, because students get answers to questions 
that carne up during their group work, and are helped to integrate new 
concepts into a biological framework. Learning activities were often time 
consuming, because they were relatively new to the teacher, and students 
had to fill in their personal logbooks at the end of every lesson, resulting 
in less or sometimes no time for reflection. 
The strategy to descend from the organismic to the cellular level (and 
molecular leve)) was made clear to the teacher in the first case study. 
However, the levels of biological organisation themselves were not made 
explicit to the students and for a coherent understanding, students should 
also be able to ascend a leveL lt was our implicit assumption that when 
students were able to descend a leve) of biological organisation and to 
understand and relate the genetic concepts on these levels, they 
'automatically' were able to ascend these levels and explain the 
corresponding heredity phenomena. 
The written test at the end of the lessons showed that students were able 
to descend a leve) in their explanation, but they experienced difficulties 
in explaining heredity phenomena when they had to ascend. Students 
were asked to describe how the genetic trait 'eye colour' will pass on to a 
child of the parents and which processes are involved in the appearance 
of this trait in the child . They had to describe the processes on the 
molecular, cellular and organismic level. The test showed that most 
students were able to relate the process of meiosis with sexual 
reproduction. They correctly explained fertilisation and the new 
chromosome combination that was formed in the zygote. Also the allele 
combination that would determine the eye colour in the child was not a 
major problem to the students. However, they were not able to explain 
how these alleles gave rise to for instance brown eyes. So, the formation 
of proteins out of the DNA code, that could serve as enzymes in a the 
process of pigment formation, was a step most students were unable to 
make . The next transcript of the answer of a student on the written test 
will illustrate that she was able to descend the levels and relate the genetic 
concepts on these levels, but she could not explain how from the 
molecular level of the allele the pigment for the eye colour is formed. 
St.: 'A man anda woman would like to have children. In their bodies gametes are 

form ed by the process of meiosis. The sperm of the man fertilises the egg of 
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the woman after sexual intercourse. In the gametes 23 chromosomes are 
present with one genefor eye colour. Imagine that the man has blue eyes (bb) 
and the woman brown eyes (Bb). The al/ele far brown is dominan!, so she 
has brown eyes. The possibilities after ferti/isation are: 88, Bb, bb. The 
chile/ has a 25% chance to gel blue eyes (the al/eles are divided in the process 
of meiosis). The combination of Bb is passed 011 to the chi/d after 
fertilisation, and now the zygote contains this information. The zygote wi/1 
divide and after 9 months a chi/d with b/ue eyes will be born '. 

Summarising, the levels of biological organisation were not made explicit 
enough to the students and our assumption that when students were able 
to descend a level they also could automatically ascend one, was 
incorrect. Therefore, we concluded that students should be made more 
aware of the change in levels and these changes have to be logical and 
meaningful to them. The scenario has to be refined and adjusted in order 
to make the transition from one level of biological organisation to the 
other more explicit and effective for students. 

7 'Yo-yo learning' 
The first case study gave rise to a new idea and revision of the learning 
and teaching outline. Most design criteria still seem adequate, like the 
emphasis on the relationship between meiosis and inheritance, the use of 
an active learning approach, and to start genetics education on the 
concrete organismic level. The sequence of the subject matter seems 
suitable too, but could be refined in favour of the students that still had 
sorne difficulties, and in order to make the levels of biological 
organisation more explicit for students. 
So, the main idea risen after the experiences with the first case study, is 
that students should not only be able and willing to descend a.ievel of 
biological organisation, they also should be able to ascend a leyel. The 
essence of this strategy might be indicated as yo-yo learning;i because 
students are invited to think up and down between levels of .,15iological 
organisation. The toy yo-yo also goes up and down guided by fe person 

$1 

who handles the yo-yo . The yo-yo strategy could help students to solve 
their problems when they get stuck. Secondly, descending and ascending 
levels of biological organisation will help students to gain this 'biological 
thinking skill' step by step. Emphasis is on real understanding of genetics 
concepts on different levels of biological organisation and their 
interrelations. 
The intended sequence of learning and teaching activities will not change 
drastically and the yo-yo strategy can be outlined as follows. Students 
should start on the concrete organismic leve], i.e. the level they are 
already familiar with. Then they gradually descend to the next levels, 
switching to another level only after understanding what is going on on 
the level under consideration (figure 4). 
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Figure 4. The 'yo-yo ' learning and teaching strategy 
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However, when students get stuck, they have to ascend one leve! and ask 
themselves what is the function (and/or form, cause) of the subject, item , 
process on that higher leve!, i.e. the leve! which they are already familiar 
with, but still have some difficulties with. An example of getting stuck is, 
when a student can't figure out whether homologue chromosomes are 
identical to one another or not. Ascending one leve! includes questions 
like, are children identical to their parents? Do they 'get ' their genetic 
information from their father or from their mother, or from both? What 
process determines the genetic make up of the offspring? What causes 
the formation of pairs of chromosomes? Having answered these 
questions, they can descend again. When students are familiar with the 
cellular leve!, i.e. they can use the genetic concepts meaningfully on the 
cellular leve!, they can descend further to the molecular level by the same 
strategy. Some students may need to go ' up and down' more often then 
others due to differences in prior knowledge, genetic understanding and 
thinking skills. 
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At first, students should be stimulated to ascend a level, and try to answer 
their questions on that level. This should be guided by the teacher and/ or 
a learning activity. In the course of time students hopefully will be able to 
do this single-handed. 
Ultimately, when students can use the main processes, functions, 
terminology and concepts on all those levels (from organismic to 
molecular) by means of this strategy, they also can think backward-and
forward between those levels. The desired learning outcome would be 
established, i.e. they are competent to use genetic concepts on the 
different biological organisation levels and see the relationships between 
reproduction and heredity. 
Based on the insights and evaluation of the first case study, it is 
reasonable to expect that the second case study will give even more 
insight into what an adequate learning and teaching strategy to cope with 
the abstract and complex nature of genetics could be. 
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INTERACTIONS BETWEEN STUDENTS' CONCEPTIONS OF THE 
DIGESTIVE SYSTEM AND THE TEACHING PROCESS 

Xavier Muñoz Baguena 1 & Manuel Puigcerver Oliván2 

1Escola Pía Sant Antoni. Barcelona. 2Universitat de Barcelona. 

1 Introduction 
The structure and composition of the digestive system is, probably, one 
of the subjects in which secondary school students have more 
misconceptions. This finding is mainly due to the popularity of the 
subject and also to its late introduction into the curricula. Pérez de Eulate 
et al. ( 1996) report that students in Spain are first introduced to the 
digestive system at 8-9 years old, but this subject can be delayed until 9-
10 years old. 
Usually, the digestive process is taught from an anatomical point of view, 
as it is the basis and starting-point from which to teach how nutrients are 
transformed. Therefore, we cannot consider the anatomy of the digestive 
system as just an isolated and purely memorizable aspect of this unit. 
With this regard, Banet and Núñez (1989) consider that the learning 
difficulties and knowledge gaps associated with the digestive anatomy 
hinder the learning study of the digestive process. 
Previous research has shown many conceptual errors involving not only 
the anatomy but, consistently, the digestive process. For example, Banet 
and Núñez (1988 , 1992) highlight that 10-11 years olds consider that, 
"good" food is separated from "bad" food during digestion (thereby 
generating, according to Benlloch 1984, a "rubbish bag"), and that the 
liver and pancreas are connected with the digestive system through the 
stomach. In their sample, 1 O % of the students established links between 
the lungs and digestive system, and 10-20 % ( depending of the course) 
were unaware of the liver. Moreover, 14 year-old children usually order 
the small and large intestines incorrectly. According to Giordan's findings 
(1982), liquids and solids are thought to follow separate pathways, the 
stomach being the center of the digestive process. This observation has 
been confirmed by other studies (De Vecchi and Giordan, Gené 1986, 
Giordan 1987, Giordan and Martinand 1988, Cubero 1988, Banet and 
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Núñez 1988, 1989, Sauvageot-Skibine 1991 and Pérez de Eulate 1992). 
In general, it seems that schools are unable to establish alternative 
learning frameworks for students. 
Moreover, Giordan and de Vecchi (1988) show that the alternative 
anatomic digestive systems described by students show increasing 
complexity which is not associated with their age. These authors suggest 
that the complexity of the students' models depend on their degree of 
understanding. 
This study aims to examine the interactions between students' 
conceptions of the anatomy of the digestive system and the teaching 
process asan evaluation study. We used a sample of 111 students aged 14, 
and analysed three variables: a) the degree of complexity of the models 
of the digestive system; b) the degree of correctness of the models; and e) 
the diversity of the models. This approach allowed us to test whether 
complexity is associated with a degree of correctness or, alternatively, 
whether the teaching process allows an increase in complexity but not in 
correctness. 

2 Material and Methods 
This study used a sample of 111 students aged 14 from a school in 
Barcelona (Spain). Students were monitored during the academic years 
1997-98 and 1998-99. They had previously studied the digestive system 
at 1 O and at 13 years old. 
Students were required to draw a model of the digestive system, and give a 
brief written explanation, at three points in time: 
Stage I: before teaching, to detect students' misconceptions. 
Stage 11: after teaching, to evaluate the efficiency of teaching. 
Stage III : one year later, to evaluate the evolution of learning. 
With regard to the teaching, five one-hour sessions were given. During 
this time, students acquired information on the topic, either by using 
resources available in the classroom or by using their own resources. They 
then prepared an individual report on the most relevant aspects of the 
anatomy and physiology of the digestive system; communication of the 
main issues of the topic was made in some cases, stimulating students to 
make suggestions and comments. Finally, a summary of the reports and 
the lectures was made by the teacher. 
Drawings are "open" tests, in which students are not forced to answer in a 
certain way, and are therefore not influenced by the teacher's opinion. 
We have developed a method to codify these drawings (Muñoz and 
Puigcerver, in prep.). In brief, each structure (i.e. bag structures, tubular 
structures ... ) and topological relationships between them (i.e. continuity, 
ramification or other) have been represented by a character of a string 
which shows the full model (see Table !). 
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Table 1. Codes used to resume drawings of the digestive system in a string 
of characters. 

Communication 
Way in 

with exterior: 

Exit 
Bag-like structures: 
Simple bag 
Complex bag 
Tubular structures: 
Simple tube 
Zigzag tube 
Spiral or bent tubes 
Labyrinthine tubes 
Simple tubular handle 
Isolated tubular structures 
Appendix 

E 
s 

B 
V 

T 
e 
@ 
L 
A 
U,O, Q 
X 

Topological relationships: 
Continuity 
Ramification [ ] 
Other { } 
Organ connections: 
Connection ( ) 
Liver f 
Pan creas p 
Kidney r 
Lungs I 
Heart e 
Unidentified organ ? 

This coding system encompasses ali the topological information from 
the drawings in a variable constituted by a string of characters. This 
allowed us to calculate indexes of complexity and correctness far each 
model of the digestive system, together with a diversity index of the 
models in each of the three stages mentioned. 
The complexity index, le, was designed to show not only the number of 
elements integrating the system, but also the number of connections 
between them. To calculate this index, we arbitrarily associated the basic 
component of the system with a score (Table 2). Thus, if a simple 
rectilinear tube has a score of I in terms of complexity, a zigzag tube (a 
more complex structure) has a score of 2. Therefore, the value of le is 
obtained by adding the indexes of each component of the string which 
summarizes it. 

Table 2. Value of complexity associated with each component of the 
system 

len Components 
1 E, S, T, A, U, O, Q, X, B, (, [ 
2 C,@ 
3 L 
4 V 
O Ali other components 
le = L len 
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The correctness index, A, is calculated by comparing the string of 
characters of each model with that of the correct model. To obtain the 
correct string from an incorrect one, the number of translocations 
(changes in the position of one or more elements), additions (new 
elements to add to the string) and omissions (suppression of elements) is 
considered. The algorithm to calculate the correctness index is shown in 
Figure 1. 

Figure 1. Algorithm to calculate correctness index, A 

Translocation 
Addítion 
Omission 

ABCED 
ABDE 
ABCFDE 

⇒ ABCDE At 
⇒ ABCDE Aa 
⇒ ABCDE Ad 

A= 102 ,/Af- + (2 * (Ad+ Aa)f 

The diversity index of the models was calculated by applying Simpson's 
index (Margalef 1981), which was applyied to study the diversity of 
ecosystems. This index (see algorithm) calculates the probability of non
coincidence of the models of two randomly chosen students. When the 
population is homogeneous, the value of the index is zero, and when 
diversity is absolute, the value is 1. 

Figure 2: Algorithm to calculate the diversity index 

k = ¿ N¡ (N¡ - 1) 
N(N-1) 

D = 1-k 

3.- Results and Discussion 
In Stage I, we detected an extremely high diversity of digestive system 
models (76); subsequently, the diversity index, D, was close to one 
(0.9814). A large number of models in this stage showed no exit (21 %), 
whereas other models showed more than one. The structure mouth
oesophagus-stomach appeared in almost ali the drawings, whilst a high 
diversity of structures after the stomach was observed, strongly suggestíng 
that diversification occurs at intestinal level. The liver and pancreas were 
poorly drawn but, in contrast, 28 % of the students connected lungs to 
the digestive system (Figure 3). 
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Figure 3. Percentage of students connecting distinct organs (liver, 
pancreas, kidney, lungs and heart) to the digestive system 
throughout the three stages of the study. At Stage I, the liver 
and pancreas were poorly drawn, whereas surprisingly, lungs 
were depicted quite well. 
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Complexity was clearly lower than that of the correct model (Correct le= 
12; mean le at Stage 1=8) (Figure 4). Similarly, the correctness of the 
models was clearly lower than that of the correct model (Correct A=0; 
mean A at the Stage I = 1140) (Figure 5). 
At Stage II , after teaching, we found that the diversity of models slightly 
decreased, although it was still high (diversity index D = 0.9557); 61 
distinct models were detected, and all the former models had been altered. 
Correctness and complexity increased, reaching the latter the levels of 
complexity of the correct model; however, few students drew an accurate 
diagram of the correct model (Figures 6 and 7). 
In this stage, the number of "c losed" models decreases (5.4 %), and there 
were no models with a double exit. The stomach was clearly a basic 
structure for almost all the students ( on!y 4.5 % of the students drew 
models without this organ), the liver and pancreas were present in a high 
nurnber of models, while the connection of lungs to the digestive system 
decreased remarkably (Figure 3). However, we found that new errors 
appeared at intestinal leveL 
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Figure 4. The complexity index of the digestive models drawn by the 
students at Stage J. The correct model has an le value of 12. 
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Figure 5: The correctness index of the digestive models drawn by the 
students at Stage l. The correct model has an A value of zero. 

40 

30 

~ 
Q) 20 u 

cf 
10 

o 
o 1000 2000 3000 

A1 



/11teractions between s rudents' conceplions o/rhe digesrive sysle111 and !he lea ching process ] Ü 7 
M1111oz Baguena. X & Puigcerver Oli1•á11, M. 

Figure 6. The complexity index of the digestive models drawn by the 
students at Stage JI. The correct model has an le value of 12. 
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Figure 7. The correctness index of the digestive models drawn by the 
students at Stage JI. The correct model has an A value of zero. 
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By comparing the evolution of the models of each student, we can affirm 
that individual correctness and complexity of Stage I do not determine 
those of Stage 11. 
In Stage III, one year later after teaching, we found that diversity was 
greater than that observed in Stage I, with 47 distinct models from 49 
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students. The diversity index in this stage was: D= 0.9974. Comp1exity 
levels were quite similar to those of Stage II, suggesting that teaching 
produced an increase in the complexity of the models. (Figure 8). 
However, we found that the correctness index decreased in Stage III , 
a1though it did not reach the levels observed in Stage I (Figure 9). 

Figure 8. The complexity index of the digestive models drawn by the 
students at Stage III. The correct model has an le value of 12. 
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Figure 9. The correctness index of the digestive models drawn by the 
students at Stage III. The correct model has an A value of zero. 
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In Stage III there were no "closed" models (models without exit), and 
models with more than one exit were repeated (6 %); however, these 
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latter were new models, that is to say, they appeared "ex-novo" and 
cannot be considered a regression towards incorrect old models. 
Moreover, we detected that the initial structure mouth-oesophagus
stomach consolidated (76-84 %) and that structures at an intestinal level 
remained unclear, with labyrinthine structures, ramifications of the 
duodenum-colon section, and other mistakes. 

Figure 10. Evolution of the complexity index (Y axis) in the three stages 
(X axis). Horizontal line inside the box indicates the median 
value, the top of the box indicates the percentile 75 (Q3) and 
the bottom the percentile 25 (Q 1 ). The upper limit, at the end 
of the ve1iical line is calculated as: Q 1-1.5 (Q3-Q 1 ), whereas 
the lower limit is calculated as Q3+ 1.5 (Q3-Q 1 ). Asterisks 
represent values over the upper and lower limits. 

o 

Figure 11. Evolution of the correctness index (Y axis) in the three stages 
(X axis). See caption of figure 10 for legend. 
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The liver and pancreas were, unfortunately, less drawn in the models of 
this stage and moreover, connections of lungs to the digestive system 
once again increased (12 % of the students) (Figure 3). 
From a global perspective (Figures 10 and 11), we conclude that the 
teaching process produced an increase in the complexity of the models 
drawn by students, because new elements were incorporated; however, this 
increase does not imply a rise in correctness. In fact, correct models of 
Stage II rapidly derivate in Stage III to other incorrect models that have a 
similar degree of complexity, thus producing an increase in diversity. 
Therefore teaching seems to produces more complex but incorrect 
models. As we have exposed above, correctness improved from stage I to 
stage 11, but this correctness evolved rapidly to lower levels due to the 
loose of relationships previously acquired, to the disappearance o f 
elements like liver and pancreas and to the introduction of errors "ex 
novo". 
Our results show that teaching <loes not produce homogeneity in the 
students' understanding of the digestive system, as shown by the high 
diversity of models in Stage III and, subsequently, the lack of common 
models, apart from the consolidated macro-structure mouth-oesophagus
stomach. 
The main problems in students' concepts of the digestive system appear 
at the intestinal leve!, as they drew double pathways, there was a lack o f 
connection between the small and large intestines, and other mistakes 
were detected. Moreover, because of the evolution showed in Figure 3, 
which indicates that the understanding of annex organs is still not 
consolidated, special attention should be paid by the teacher on this 
point. The surprising association between lungs and the digestive system 
did not disappear after teaching. Therefore we suggest that it is necessary 
to teach not only the topological aspects of the anatomy related to the 
digestive system, but also the functional aspects concerning the system, 
its annex organs and the function of other organs, especially the lungs. 
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STUDENTS' UNDERST ANDJNGS ABOUT ORGA~S Al\'D ORGAN 
SYSTEMS IN DIFFERENT ANIMALS 

Abstract 

Michael Reiss & Sue Dale Tunnicliffe 
Homerton College, Cambridge CB2 2PH, UK 

A number of studies have looked at children's understanding of human 
organs and organ systems. Ho,vever, almost nothing is known about what, 
if any, differences there are between what children know about human 
organs and organ systems and those of other animals. In this study, a 
cross-sectional approach was used involving a total of 193 students from 
six different age groups (ranging from 5 year-olds to undergraduates -
adults mostly aged about 20 years). Students were presented, on separate 
occasions, with dead specimens of a brown rat (Rattus norvegicus), a 
starling (Sturnus vulgaris) and a herring (Clupea harengus) and asked to 
draw what they thought was inside each specimen. On a final occasion, 
thcy were also asked to draw what they thought was inside themselves. 
Repeated inspections of the completed drawings allowed us to construct a 
se ven point sea le with levels ranging from leve] 1 (no representation o f 
interna! structure) to leve! 7 (comprehensivc representation with four or 
more organ systems indicated out of eight: skeletal, gaseous exchange, 
nervous, digestive, endocrine, urinogenital, muscular and circulatory). Our 
analysis shows such things as the degree to which students know more 
about human organs and organ systems than other animals. Our findings 
are interpreted with reference to the current English Science National 
Curriculum and we are interested in seeing how studies in other countries 
would compare. 

1 Background and Contcxt 
As is widely acknowledgcd, there are many ways of gathering information 
about students' understandings of scientific phenomena (White & 
Gunstone, 1992; Tunnicliffe & Reiss, 1999a). However, despite the 
richness and variety of the methods used by science educators, it remains 
the fact that most of these methods rely on students either talking or 
writing about science. Such approaches have their own particular 
advantages and disadvantages but we wanted in this study to use an 
approaeh whieh relied less on words. We hope that the approach adopted 
here is less likely than approaches that rely solely on words to 
disadvantage students who are very shy in conversation, students who 
lack certain linguistic ski lis and students who speak a language ( or 
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languages) other than that used by the researcher. This last point means 
that drawings should be of especial value for international comparative 
studies. 
lt may be that different methodologies revea! different things about the 
multi-dimensional complexity usually labelled 'understanding' but better 
recognised as 'understandings'. On this argument, the appropriateness of 
drawing as the eliciting device used here is partly this provides a particular 
view of certain distinctive aspects of each student's understandings. 
In this study we report on students' understandings of the interna! 
structures of themselves and of three other vertebrate animals (another 
mamrnal, a bird and a fish). We decided on a cross-sectional approach in 
which students of different ages would simply be asked to draw what they 
thought was inside themselves. While we do not wish to imply that 
drawings are necessarily superior to other ways of elucidating 
understandings, they do have certain worthwhile features in addition to 
their lower reliance on the use of Ianguage. 
In particular, there is perhaps a certain appropriateness in asking subjects 
to represent (albeit in two dimensions) anatomically their own anatomy. 
In the language of Buckley, Boulter & Gilbert (1997) and Gilbert, Boulter 
& Elmer (in press), such representations can be viewed as the expressed 
models - that is, representations of phenomena placed in the public 
domain - of the students. These expressed models relate to (but do not 
equate with) the mental models - i.e. the private and personal cognitive 
representations - held by the same students. 
By now a considerable literature exists about the use of drawings as a 
research technique in education. As far as students' knowledge, as revealed 
by drawings, of what is inside themselves goes, perhaps the most 
thoroughly studied organ system is the skeleton (Caravita & Tonucci, 
1987; Guichard, 1995; Cox, 1997; Tunnicliffe & Reiss, 1999a). Those 
research reports and papers that have looked at other human organ 
systems have often reported valuable data (notably Gellert, 1962; Carey, 
1985; Osborne, Wadsworth & Black, 1992; Teixeira, 1998; Selles & 
Ayres, 1999) but we are unaware of any work that looks at what students' 
know is inside themselves compared to what they know is inside other 
animals. 

2 Methodology 
Fieldwork was carried out in the South of England in a primary school, a 
secondary school and a college of higher education. The primary school 
(for 4/5 to 11 year-olds) is a state Church of England aided school and is 
in a New Town (established after the Second World War); the secondary 
school (for 11 to 16 year-olds) is a state comprehensive in a rural setting; 
the College of Higher Education contains mainly four year Bachelor of 
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Education students training to be primary teachers. SDT carried out the 
primary fieldwork; MJR carried out the secondary and undergraduate 
fieldwork. 
On separate occasions, the students were presented with a single dead 
specimen of a brown rat (Rattus norvegicus) (stuffed) , a starling (Sturnus 
vulgaris) (stuffed) and a herring (Clupea harengus) (fresh). On each 
occasion the students were then asked to draw what they thought was 
inside the specimen when it was alive. The precise words used depended 
on the age of the students but were along the lines of 'What I'd like you 
to do is to draw, please, what you think is inside this animal'. A few 
students checked whether we meant that they should draw what was inside 
the animal when it was alive or now that it was dead. In these cases, we 
assured them that we v-iere interested in what they thought was inside the 
animal when it was alive. 
Students were not examined under formal examination conditions but 
were told not to copy each other's work. On the final occasion, the 
students were asked to draw what they thought was inside themselves. 
Students were given about 1 O minutes to complete each drawing and also 
asked to write their name on it. A note was also made by us of the sex of 
each student. Many of the students labelled their drawings. Students who 
asked us if they could/should la bel their drawings were told by us that they 
certainly could if they wanted to and that it was up to them. The teacher 
wrote labels on the drawings for children if they requested it; this was 
particularly the case with the 4 and 5 year-olds. In these cases the teacher 
only wrote words said by the child. Two of the youngest (Reception) 
children asked the researcher to draw the outline of a presented animal 
and the researcher did so. 
The fieldwork was conducted in whole class settings. Because the 
specimens were presented on separate occasions (typically about a week 
after the previous presentation) sample sizes vary within each age group 
across the four species drawn. In ali, data were obtained from 2 1 
Reception children (aged 4 or 5), 38 Yr. 2 children (aged 6 or 7), 36 Yr. 
3 children (aged 7 or 8), 35 Yr. 6 children (aged 10 or 11), 25 Yr. 9 
children (aged 13 or 14) and 38 undergraduates (mostly aged 18 to 22 but 
with a few significantly older). In the primary and the secondary school, 
ali pupils were in mixed ability groups. The undergraduates were from a 
teacher training institution which, of the 52 institutions in the sector, has 
the highest average academic qualifications of its intake in England 
(Barnard, 1998). The undergraduates who participated carne from two 
separate student groups. One group of 18 were ali English specialists, 
none of whom had studied biology after the age of 16. The other group 
of 20 were ali biology specialists, ali of whom had studied biology after 
the age of 16. (In England and Wales it has been compulsory sin ce 19 8 9 
for students to study science, including biology, up to the age of 16.) The 
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biology undergraduates ali knew MJR as their lecturer; the other students 
in the study knew MJR or SDT only slightly if at ali. 

3 Analysis 
The students made a total of 617 drawings. After we had collected ali the 
drawings, we jointly and repeatedly sorted through them, attempting to 
arrange them in a ranked order which we felt reflected different levels of 
biological understanding. We were also extremely keen to provide a 
scoring system which gave as little credit as possible to the 'artistic' 
quality of the drawing and was as unambiguous as possible to score. Sorne 
of the older students professed an inability to draw well and we assured 
them that this did not matter. No notice was taken of the student's ages 
in determining the scoring system. 
Eventually, we agreed on the following order for the biological quality of 
each drawi.ng: 
Leve! 1 No representation of interna! structure 
Leve! 2 One or more interna! organs ( e.g. bones and blood) placed a t 

Leve! 3 
Leve! 4 

random 
One interna! organ (e.g. brain or heart) in appropriate position 
Two or more interna! organs (e.g. stomach and a bone 'unit' 
such as the ribs) in appropriate positions but no extensive 
relationships indicated between them 

Leve! 5 One organ system indicated (e.g. gut connecting head to anus) 
Leve! 6 Two or three major organ systems indicated out of skeletal, 

Leve! 7 

gaseous exchange, nervous, digestive, endocrine, urinogenital, 
muscular and circulatory 
Comprehensive representation with four or more organ 
systems indicated out of skeletal, gaseous exchange, nervous, 
digestive, endocrine, urinogenital, muscular and circulato1y. 

This scoring system requires a definition of organ systems. We used the 
following definitions for the eight organ systems: 
Skeletal system Skull, spine, ribs and lirnbs. 
Gaseous exchange system Two lungs, two bronchi, windpipe which joins 

to mouth and/or nose. 
Nervous system 

Digestive system 

Endocrine system 

Brain, spinal cord, sorne peripheral nerve 
(e.g. optic nerve). 
Through tube from mouth to anus and 
indication of convolutions and/or 
compartmentalisation. 
Two endocrine organs ( e.g. thyroid, adrenals, 
pituitary) other than pancreas [scored within 
digestive system] or gonads [scored within 
urinogenita l system]. 
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Urinogenita/ system Two kidneys , two ureters, bladder and urethra 
or two ovaries, two fallopian tubes and uterus 
or two testes, two epididymes and penis. 

Muscular system Two muscle groups (e.g. lower arm and thigh) 
with attached points of origin. 

Circulat01y :,ystem Hea1t, arteries and veins into and/or leaving 
heart and, at least to some extent, ali round 
the body. 

As is apparent, we therefore used the same, human definitions for organ 
systems when scoring each drawing, whether it was of a human , a rat, a 
starling ora herring. Our reasoning was that had we chosen to score each 
drawing on species-specific criteria (for example, air sacs in the starling) , 
we would simply have shown that students know less about what is inside 
non-humans that they know about what is inside humans. Given the 
almost complete absence in current English biology curricula of any non
human anatomy, this finding is an obvious one. Instead, what we are 
looking at in part is the extent to which students presented their 
knowledge of interna! human anatomy within their drawings of a rat, a 
starling or a herring. At the same time, we also made a complete list of 
every occas1011 on which a drawing showed some non-human interna! 
feature. 
The two of us then separately and independently scored ali the drawings. 
Having agreed on the leve] (i.e. 1, 2, 3, 4, 5, 6 or 7), we then, for each of 
the eight organ systems, decided whether or not the drawing met the 
criterion for that organ system. If it did, we recorded the appropriate 
capital letter (S for skeletal, G for gaseous exchange, etc.) . If it did not, 
we then decided whether or not at least one organ was present on the 
drawing for that organ system. If one was, we recorded the appropriate 
lower case letter (s for skeletal, g for gaseous exchange, etc.). Each 
drawing was therefore effectively scored a total of 1 7 times, once for the 
overall leve!, once for the presence or absence of each organ system and 
once for the presence or absence of at least one organ in each organ 
system. We agreed on in excess of 95% of scorings. In those cases where 
our views differed, we discussed each such case until we agreed. 
To illustrate our analysis, Figure 1 shows the drawing done by a Year 9 
girl (aged 14 years) of what she thought was inside herself. The drawing is 
scored 6GUsgndumc. In other words, the drawing shows two satisfactory 
organ systems - namely, the gaseous exchange and urinogenital systems -
and seven of the eight possible organ systems - skeletal, gaseous 
exchange, nervous, digestive, urinogenital, muscular and circulatory -
omitting only the endocrine system. 
Data were entered into Minitab and Excel for analysis. All statistical tests 
are 2-tailed. 
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4 Results 
Students' Understandings of Organ Systems 
Lumping together ali the data, and thus ignoring differences between the 
drawings resulting from student age, gender, degree of biology specialism 
or the species being drawn, Figure 2 shows for each organ system the 
percentage of students whose drawing displayed an organ system as 
defined above in the Analysis section above. Two main findings are clear. 
First of all, for each of the eight organ systems, only a small minority of 
drawings show the organ system drawn sufficiently completely to be 
classified by us as an organ system. By way of illustration, in Figure 1 
-one of the better drawings done by the 14 year-olds- just two of the 
eight organ systems are shown sufficiently to be classified as organ 
systems. 
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Secondly, there are statistically significant differences between the eight 
organ systems in terms of how well they are represented ( c2 = 192; 7 df; 
p << 0.001). The best drawn organ systems is the digestive system 
represented in 11 % of the drawings. At the other extreme, non e of the 
drawings represented the muscular system, only 0.2% the endocrine 
system and only 0.5% the circulatory system as defined by us. 

Figure 2 
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Students' Understandings of Organs 
Again lumping together all the data, and thus ignoring differences 
between the drawings resulting from student age, gender, degree of biology 
specialism or the species being drawn, Figure 3 shows for each organ 
system the percentage of students whose drawing represented an organ 
(rather than the entire organ system) as defined above in the Analysis 
section. 
Not surprisingly, students do much better at this than at representing 
whole organ systems. For example, 51 % of the drawings showed some 
portian of the skeletal system and 51 % showed an organ (nearly always 
the heart) in the circulatory system. At the other extreme, only 0.5% of 
the drawings showed a part of the endocrine system. However, we do 
acknowledge that this last result is undoubtedly largely caused by our very 
narrow definition of what counted as being part of the endocrine system. 
In particular, we excluded the pancreas (which we classified as belonging 
to the digestive system) and the ovaries and testes ( classified as belonging 
to the urinogenital system). 
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As was the case with whole organ systems, there are highly statistically 
significant differences between the likelihood of students drawing organs 
from the different organ systems (c2 = 505; 7 df; p << 0.001). There are 
also certain clear differences between the rankings in Figures 2 and 3, 
notably with respect to the circulatory system which is poorly 
represented as a whole system (Figure 2), yet components of which are 
very frequently drawn (Figure 3). Indeed, there is no significant 
correlation between the rankings of how well represented whole organ 
systems and partial organ systems are (r5 = 0.38; 0.2 < p < 0.5). 

Th e Leve!s at which the Drawings are Dra11111 and Species-specific 
D[fferences 
The data below show the percentage of drawings at each leve! , 
differentiated by the species being drawn : 

Level Human Rat Starling Herring 
(n = 158} {n = l58) (n = 165} (n = 136} 

l 1% 1% 4% 0% 
2 9% 9% 12% 16% 
3 5% 14% 10% 8% 
4 50% 53 % 51 % 62% 
5 16% 14% 18% 12% 
6 13 % 8% 5% 1% 
7 6% 1% 0% 0% 

Two main things are apparent from the above data. First, the modal leve! 
for each of the four species drawn is leve! 4. Secondly, any differences 
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between species are probably small, with a suggestion that, as might be 
expected, the highest levels (levels 6 and 7) are more likely when pupils 
are drawings themselves. However, this conclusion is rendered 
problematic by the fact that different students were present on different 
occas1ons. 
For this reason, Figure 4 shows the data just for the 78 students who were 
present on every occasion. (The proportion of drawings at levels 5, 6 and 
7 is larger than in the overall sample as the biology undergraduates were 
particularly likely to be present on ali four occasions and, obviously, 
produced many of the best drawings.) There is still a suggestion that 
drawings of humans (and perhaps rats) are more likely to be awarded 
levels 6 and 7 than the other taxa. If a c2 test is applied to the raw data, 
the distribution of 6s and 7s across the four taxa (human = 16%; rat = 

13%, starling = 5%; herring = 5%) is just significantly non-random (c2 = 

7.84; 3 df; 0.025 < p < 0.05). 

Figure 4 
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Closer examination of the drawings reveals much of interest with respect 
to what the students drew about the non-human animal. For instance, if 
we concentrate on just the drawings done by the Yr. 6 pupils - that is, 1 O 
and 11 year-olds in their last year of primary schooling, Figure 5 shows a 
boy's drawing of the rat. The hoy has successfully drawn bones in the rat's 
tail in addition to showing a range of organs found in the same places in 
humans and rats. Other Yr. 6 pupils had rat drawings with bones, nerves 
or muscles in the tail. 
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Figure 6 shows a drawing of the starling by a Yr. 6 girl. Noteworthy non
human features include the labelling of bones in the tail and the presence 
of giblets - presumably learned from domestic birds such as chicken. The 
genital area is labelled 'Rude bits'. (Elsewhere we have shown from an 
analysis of the drawings done by the Yr. 6 children of themselves, that 
44% (eight in all) of the boys drew and/or labelled reproductive organs, in 
eve1y case male reproductive organs. About the same proportion or 
possibly more, 64% (nine in ali), of the Yr. 6 girls drew and/or labelled 
reproductive organs but strikingly most of these (seven out of nine) drew 
or labelled male reproductive organs (Reiss & Tunnicliffe, submitted).) 
Other Yr. 6 starling drawings portrayed tail feather muscles and showed a 
worm that had been eaten. 
Finally, a drawing of a herring by a Yr. 6 girl shows that she knows that 
there are muscles in the tail ('tail mucciel') and that the herring has 'Gills'. 
However, she also includes 'Lungs'. Many other Yr. 6 fish drawi.ngs 
showed gills. Three pupils drew and labelled 'egg dispenser' and two pupils 
clearly thought little of a fish's mental abilities. One boy drew and labelled 
'small brain' and one girl wrote next to the brain the brain 'memory of 
two seconds'. 
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We acknowledge that a more intensive methodology, for example one 
that combined drawings with subsequent interviews, would allow students 
more fully to demonstrate their understanding. For example, in sorne 
cases it was difficult for us to identify certain of the interna! organs 
drawn. Interviewing would have allowed us to resolve at least sorne such 
uncertainties. At the same time , we were extremely keen not to cue 
students into those aspects of their drawings that were of particular 
interest to us. As drawings were done on a number of separate occasions, 
any interviews about the drawings would have had to have been 
unde1iaken after the last of the drawings had been obtained from each 
child . This would have been difficult given the number of students not 
present on every occasion. 
We believe that there is continued value in researchers identifying the 
sources of student's knowledge and understanding of anima Is. A particular 
concern of ours is the increasing loss of knowledge among UK pupils of 
organisms other than humans. In a related study (Tunnicliffe and Reiss, 
1999b) we have shown that schools are significantly less likely to be cited 
by English pupils as sources of biological knowledge about the identity 
and taxonomic position of a range of animals than are other sources such 
as home, television and direct observation. 
We found it notewo1ihy how few of the drawings reached leve! 6. And 
yet ali that was required for level 6 was to produce a drawing with two of 
the major organ systems indicated (e .g. Figure 1). We strongly suspect 
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that far too many students, however well they do on formal biology 
examinations, have only an atomistic knowledge of interna! anatomy. 
Regrettably, English 'developments' in the biology currículum and its 
assessment o ver the last ten years a cross the 5 to 16 age range ha ve 
almost certainly reduced the chances of many students achieving a 
holistic understanding of much of what they study. Our belief is that too 
few of the students in this study, whatever their age, had any overall 
genuine understanding of interna! anatomy, even their own. 
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TEACHING ANO LEARNING ABOUT THE BIOLOGICAL 
EVOLUTION: CONCEPTUAL UNOERSTANOING BEFORE, 

OURING ANO AFTER TEACHING 

Abstract 

Anita Wallin, Mats Hagman & Clas Olander 
Goteborg University, Sweden 

This study is part of a project with the main purpose of developing a 
teaching-learning sequence that enables the students to construct a 
scientific model of the biological evolution. Another purpose is to 
document the students' conceptual development. Our theoretical 
background is the model of conceptual change initially proposed by 
Posner et al (1982). Here we focused on two key concepts in evolution -
"variation" and "natural selection". The development and the long-term 
retention of these concepts among Swedish students ( I 6 - 19 years old) 
were studied. The students' prior knowledge was investigated by a pre-test 
before teaching. During the teaching period sorne students were 
interviewed about these concepts, and small group discussions about the 
same concepts were videotaped. Approximately a year after teaching the 
students was given a delayed post-test. The majority of the students 
abandoned their prior ideas of strive and need, and adopted a more 
scientific view of these concepts. This was evident both in the interviews 
and in the post-test. The conceptual development of the interviewed 
students is discussed in the paper. 

1 Background 
During the last two decades severa! studies have shown that students of 
different ages, from different cultures and different educational systems, 
have difficulties understanding the theory of biological evolution 
(Deadman and Kelly, I 978; Brumby, 1984; Clough and Wood-Robinson, 
1985; Lawson and Thompson, 1988; Greene, 1990; Pedersen, 1992), and 
that the students' understanding did not improve much after traditional 
teaching (Halldén, 1988; Bishop and Anderson, 1990; Bizzo, 1994; 
Dernastes, Settlage and Good, 1995). Sorne specially designed teaching 
strategies gave better results, e.g. the explicit comparison of different 
evolutionary ideas in group-discussions (Jiménez-Aleixandre, 1992), 
teaching with a historical approach (Jensen and Finley, 1995; 1996) and 
the use of certain reading materials (Peled, Barnholz and Tamir, 1998). 
However, the long-term effect of these strategies has not yet been 
investigated. 
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The conceptual change model for learning, initially proposed by Posner, 
Strike, Hewson and Gertzog (1982), has been widely used not only to 
describe learning in science but also as a guideline for designing teaching 
(Hewson, Beeth and Thorley, 1998). According to the original 
formulation of the model , learning is described as a rationally driven and 
logical process. There are four prerequisites for conceptual change to 
occur. The learners must experi ence dissatisfaction with their existing 
conception, and any new conception must be intelligible, plausible and 
fruitful. After criticism of being overly rational, the model has been 
revised and extended, so that the importance of social and affective 
aspects now is recognised (Strike and Posner, 1992, Duit and Treagust, 
1998). We place the construction of knowledge in the mind of the 
individual, but this construction can be positively promoted in different 
social interactions. Demastes, Good and Peebles studied students' 
conceptual change in the content area of evolution (1995, 1996). They 
described some patterns of conceptual restructuring that, according to 
their opinion, do not conform to the conceptual change model, and 
concluded that further research in this field is needed. 

2 Purpose and Questions 
The study presented in this paper is pa11 of a project with the main 
purpose of developing a teaching-learning sequence that enables the 
students to construct a scientific understanding of the biological 
evolution. The airo of this study is to document the students ' conceptual 
development, by investigating their understanding before, during and after 
teaching. Special attention is paid to the way students articulate their 
understanding in different situations, orally or in writing. We focus on 
two key concepts in evolution, namely "variation" and "natural 
selection". A number of frequently occmTing alternative understandings 
of these concepts are known, e.g. the ideas of need and strive as forces in 
evolution, the idea of individual adaptation in the context of evolution 
and the inability to see the importance of the variation within a 
population. This paper pays attention to tests, small group discussions 
and interviews around two multiple-choice problems concerning the 
origin of variation and natural selection and is designed to assess the 
effect of instruction both in a short and a long perspective. 
The research questions addressed in this paper are: 
• How do the students understand "the origin of variation" and "natural 

selection"? 
• How <loes the students' understanding of these concepts change during 

teaching? 
• Will these changes persist for a longer period? 
• Are the students aware of any conceptual change themselves? 
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The overall design of the study is shown in figure 1. A pre-test was 
performed prior to a four week teaching-learning sequence on biological 
evolution. During the teaching-leaming sequence data was collected by 
interviews and videotaped small group discussions. Almost a year after 
the teaching the students were given a delayed post-test. 

Figure 1. The design of this study. 
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The teaching-Iearning sequence 
Our teaching-learning sequence of biological evolution is intended for 
students in the upper secondary school, taking a high-level biology course 
(Biology A). This course comprises 50 hours of teaching and covers 
mainly ecology, ethology and evolution. Evolution is strongly 
emphasised in the syllabus of this course (Skolverket, 1994 ), and we used 
15 out of 50 hours exclusively for evolution. By the use of a pre-test, the 
teacher was made aware of the preconceptions held by his students. These 
preconceptions were also presented, at a group level, to the students, and 
served as a starting point for discussions. The purpose of these strategies 
was to allow the students to develop a metacognitive perspective on their 
understanding of evolutionary concepts and to elicit cognitive conflicts. 
In order to further facilitate conceptual change, the teaching-learning 
sequence gave the students the possibility to talk and discuss a lot, both in 
small groups with appropriate problems and in ful] class with the teacher 
as scientific leader. 
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The students 
The paiticipants in this study were grade 11 students attending the 
Natural Science Programme. The school is located in a municipality close 
to Goteborg, where the vast majority of the population are middle class 
ethnical Swedes. The Natural Science Programme has a reputation of 
being highly demanding, so the students in this study can be described as 
well motivated and gifted. Two groups with a total of 49 students ( 16-19 
years old), who were taught by one of the authors (MH), were followed 
during the teaching-leaming sequence on biological evolution. 

The tests 
Prior to the teaching-leaming sequence the students were g1ven an 
unprepared pre-test about evolution. This test consisted of nine 
problems, some open-ended but mostly multiple-choice. The authors of 
this paper designed the two test items, which are discussed here. The 
alternatives were chosen according to common alternative conceptions 
held by students (figure 2). The pre-test was distributed over the Internet , 
so the students answered the test on computers and their answers were 
submitted directly to our database. 
Since we are particularly interested in long-term retention, the students 
were given a post-test approximately one year after the teaching 
sequence. This delayed post-test was essentially identical to the pre-test. 

Figure 2. The two multiple-choice problems in the pre-test, which were 
discussed in the interviews, and also used in the delayed post
test. 

Problem 4 
Throughout time living organisms have developed a variety of different 
traits. What is the origin of this enormous variation? 
1. The traits arose when they wherc 3. Living organisms strive to dcvelop. 

needed. 4 . Great variation is needed in order to 
2. Random changes in the gene pool of get balance in nature. 

the organisms. 
Problem 5 
Which one ofthe following altematives <loes best explain changes in a population 
with time? 
1. Some individuals are better at 3. Organs and structures that are needed 

reproducing than others. evolve. 
2. Sorne individuals starve to death, 4. lndividuals can adapt to survive. 

while others survive by moving to 
new places. 



Teachi11g a11d leami11g abo1111/re biologica/ e1'0/11/io11 
Wa//i11, A., llag111a11, /11. & O/a11der, C. 

The interviews 

131 

In order to follow the students' conceptual development during the 
teaching period, sorne students were interviewed about the concepts 
"variation" and "natural selection". One of the main issues that were 
brought up during the interviews was the students' thoughts about the 
different alternatives in the test problems (no. 4 and 5 respectively). 
About a week before the first interviews the teaching dealt with 
mutations and other random changes in the gene pool. Twelve students 
were interviewed about variation and were chosen according to their 
answers to one of the pre-test problems (no. 4) in a way that ali 
alternatives were represented. Two weeks later 35 students were 
interviewed about the concept of natural selection. On this occasion all 
available students in the two groups were interviewed. The interviews 
were performed with one student at a time, they were structured and 
followed an interview guide. Ali interviews were audio taped and 
transcribed word for word. 
In addition, small group discussions, with 4-5 students, regarding the same 
concepts were performed before corresponding interview. In these 
discussions the stude11ts were left without a11y teacher or researcher, but 
the discussio11s were videotaped a11d tra11scribed. 

4 Res ults 
The origin of variation 
During the i11terviews 011 the origi11 of variatio11 the stude11ts (11= 12) were 
asked to comment 011 the four different alternatives that were give11 in 
problem 4 in the pre-test (se figure 2). The comme11ts were categorised in 
three levels; agree, partly agree a11d disagree (table 1 ) . 

Table l. Categorisatio11 of the stude11ts' comments, to problem 4 in the 
pre-test. (11=12, sorne stude11ts did 11ot comme11t 011 all alternatives.) 

Altemative Agree Partly agree Disagree 

l. "Need" o 8 2 

2. "Mutation" 7 4 o 
3. "Strive" 4 2 6 

4. "Purposc" 8 o 4 



132 Proceedings of the III Conference o( E11ropea11 Researchers in Didacric of Biology. 
September 27th-Octoberlst 2000. Samiago de Compostela (Spain) 

Alternative 1: "The traits arose when they where needed" 
A majority of the students (8 of 12) agreed partly and expressed different 
reasons in favour to this alternative. Sorne of these students clearly 
distinguished between the origin and the survival of new traits, but still 
considered "need" to be an acceptable explanation to the origin of 
variation e.g.: 

S7: ... they arise, not exactly because they were needed but those 
who were needed were preserved, and that is a bit the same thing. 

Alternative 2: "Random changes in the gene pool of the organisms" 
Seven agreed totally and four students partly agreed, e.g.: 

SI 6: I think it is a bit like number two with random change .. . if 
webbed feet a rose as a trait and then was needed, it was preserved. 

Here the student referred to the survival of the trait, which he called 
"need". 

Alternative 3: " Living organisms strive to develop." 
Six students agreed with this with two different ways of arguing. Four used 
anthropomorphic reasoning while referring to man as example (e.g. S34) 
and two used the concept of adaptation in the sense of individual 
adaptation . 

S34: Of course you strive to develop; you don 't want to stand on the 
same spot al! your lije. 

Alternative 4: "Great variation is needed in order to get balance m 
nature." 
Most students agreed, eight of the interviewed. lt is likely that most of 
these accept the statement that nature needs variation. 
At the end of the interview the students were asked to choose which of 
the four altematives they preferred this time. Eight of the students had 
changed their alternative from the pre-test, seven of those to the more 
scientific view (random genetic change). The reasons they claimed for 
change was the teaching (7 students), the textbook (3 students) and/or 
own thoughts (3 students). Most of those who articulated reason did not 
show any difficulty in changing opinion; it was simply due to teaching. 

The concept of natural selection 
About a week before these interviews about natural selection (n=35), the 
students had been taught about natural selection and had discussed this 
concept in small groups. During these interviews the students were asked 
to comment on the four different alternatives to problem 5 (figure l ). 
The comments were categorised in three levels; agree, partly agree and 
disagree (table 2). 
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Table 2. Categorisation of the students' comments, to problem 5 in the 
pre-test (n=35). 

Altcmativc Agrec Partly agree Disagree 

1. "Reproduce" 20 12 3 

2. "Movc" 24 9 2 

3. "Nccd" 7 9 19 

4. "Adapt" 14 5 16 

Altenwtive 1: "Some individuals are better at reproducing than others" 
The rnajority of the students agreed or at least paitly agreed to this 
alternative. Most students could see the connection between success in 

reproduction and population change. The other eight students did not: 
S28: ''Some individua Is are better at reproducing than others" ... 
perhaps they are, but ... reproduction has nothing to do with change, 
I think. 

Altemative 2: "Some individuals starve to death, while others survive by 
moving to new places" 
Ali except two students agreed to sorne extent to this alternative . Many 
also showed that they realise that this is not the major explanation to 
evolutionary changes. 

Alternath,e 3: "Organs and structures that are needed evolve" 
Seven students agreed with the statement. 1-Iowever, four of them used 
the term "need" in a way that suggests that they understood tha t 
evolution is not need-driven. The same thoughts were expressed among 
severa! of the students who partly agreed. 

S31 : ... Number tliree l think jits we/1. ... Yes. "Organs and 
structures that are needed evo/ve". But a mutation has to occur far it 
to deve/op, it is nothing they haFe any injluence 011. 

Altemative 4: "Individuals can adapt to survive" 
About half of the students agreed or pa1tly agreed to this alternative. The 
majority of them had not, at the time of interviews, understood the 
significance of the concept of adaptation. Severa! students still expressed 
their belief in individual adaptation as an evolutionary process. Only four 
students discussed adaptation in an evolutionary correct way. 
At the end of the interview the students were asked to choose which o f 
the four alternatives they thought was best this time. In the pre-test the 
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majority of the interviewed students (75%) had chosen the alternative 
"adapt", but during the interviews many students showed a more scientifíc 
view of the concept, i.e. they choose the altematives "reproduce" ( 4 7%) 
or "move" (26%). 
The majority of the interviewed students had changed alternatives since 
the pre-test. Nine of them were aware of their change, and offered an 
explanation how their thoughts had changed. Another ten students could 
give sorne kind of explanation to their change, after being confronted 
with their choice in the pre-test. These 19 students were analysed 
especially regarding any signs of conceptual change of natural selection. 
Eleven of them seemed to be rearranging their conception of adaptation 
and three students remembered that they befare teaching saw evolution as 
a need-driven process. The other fíve discussed their changed views about 
mutations, acquired traits and the enormously long time of biological 
evolution. 

The long termed retention 
Approximately one year after the end of the teaching-learning sequence 
the students performed a delayed post-test. The problems concerning the 
origin of variation and change in populations with time appeared in both 
pre- and post-tests. 
On problem 4 the students had totally abandoned the alternatives 
"strive" and "purpose" and almost everyone (89%) chose the "mutation" 
alternative (figure 3). 

Figure 3. The proportion of students (np,e=43; np0 , 1=47) choosing the 
different altematives to problem 4. 
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In the post-test 28% of the students chose the "adapt" alternative in 
problem 5 (figure 4). The alternative that teaching tried to support 
("reproduce") increased in proportion to 36% compared to 2% in the 
pre-test. 
As judged by the results in the delayed post-test , the long-term retention 
of the teaching on students' conceptions of "the origin of variation" and 
"natural selection" was good . 

Figure 4. The proportion of students (n 11re=42; n1,as1=49) choosing the 
different alternatives to problem 5. 
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This study confirms the results from severa[ other studies, that there are 
a number of common alternative understandings regarding biological 
evolution . Onc of the major obstacles for a scientific understanding is the 
failure to recognise the existence of two separate processes in evolution 
(Bishop and Anderson 1985, 1990): 

l. The appearance of traits in a population 
2. The survival of such traits in a population over time 

When it comes to the first of these processes, the students in this study 
seem to accept mutations as the ultimate source for new traits rather 
easily. And, as seen in figure 3, most students still accepted random 
mutations a year after teaching. In the interviews, severa! students 
expressed their doubts about the randomness in evolution. However, we 
also got the impression that when the students understood that evolution 
consists of severa! processes, of which only one is random, they accepted 
the randomness more easily. 
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The students in this study did not seem to have any problems with 
connecting natural selection to enhanced survival or to differences in 
survival, but a few students had difficulties in seeing reproduction success 
as necessary for population change. They saw variation in reproduction 
ability as a completely separate trait that had nothing to do with 
population change. 

The understanding of need and adaptation 
In severa! studies students' use of the term "need", in the context of 
evolution, has been interpreted as if the students believe evolution to be a 
need-driven process (e.g. Bishop and Anderson, 1985; Demastes, Settlage 
and Good, 1995). This investigation shows, both in interviews and small 
group discussions, that sorne students can use this term and still have a 
sound understanding of the processes of evolution. 
Using the term "need" this way <loes not contradict an understanding of 
the processes of evolution. It is used almost synonymous to 
"advantageous" or "beneficia!''. One could say that these students see the 
origin of variation as mutations but the survival of traits as a need-driven 
process, which is very close to the scientific view. This is an important 
finding, which must be paid attention to when studying students' 
conceptions of evolution. 
It seems to be quite hard for the students to understand adaptation in the 
evolutionary manner. In spite of the fact that many students understood 
the word "adaptation" as something concerning the theory of evolution, 
few had acquired the evolutionary meaning of the word. This is obvious in 
this study and has also been shown in other studies (e.g. Bishop & 
Anderson, 1985; 1990; Bizzo, 1994). 

Signs of conceptual change 
During the interviews it became clear that many students were struggling 
with capturing new concepts. Although most students chose the more 
scientific alternatives when they were forced to select, they were not so 
sure in their choices. As table 1 and 2 show many students could also see 
advantages in the less scientific alternatives. This is not only a sign of 
the ambivalence students experience when rearranging their concepts, but 
also illuminates the problem with making conclusions of students 
understanding on basis of multiple-choice problems. 
Obviously the teaching made sorne students feel dissatisfaction with their 
existing concepts, for example adaptation, need-driven evolution and 
mutations. One of the students, who were rearranging her understanding 
of adaptation, explained that the evolutionary significance of the 
adaptation concept was more plausible than her old understanding. 
Another student talked of his prior understanding of evolution as a need-
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driven process and could give an example on what he thought would have 
happened if bis prior thinking had been plausible. 

S38: ... if they needed a longer neck, they would get one. 
Later during the interview he was asked about why he had changed 
op1111on: 

S38: ... a/ter we have read about Danvin and talked about 
everything. 
! : Do you think it works only in school or do you think it is more 
plausible? 
S38: Yes, it actual(v is . ... far otherwise I think we ought to have 
wings nowadays or something. 

These cxamples fit rather well with the conceptual change model (Posner 
et. al., 1982). 

6 Implications for Teaching 
We consider the conceptual change model to be a fruitful theoretical 
background for designing teaching. The results in this study are 
promising, especially regarding the long-term retention. However further 
research is desirable for comparing the outcome from this approach with 
"traditional" teachi11g. 
Ma11y students enter teaching with an understanding of evolution as 011e 
entity, a gradual adaptation process. We suggest that if teaching starts 
with separating the theory of evolution into two or more processes, i t 
might become easier for the students to u11derstand the randomness o f 
mutations, the importance of reproductive success and the evolutionary 
signifícance of adaptation . Later on the teaching should help the students 
to capture a new entity of the theory of evolution, as natural selection 
working 011 inherited variation of traits in a population over time. 
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AN ECOLOGY COURSE. 

Carolyn J. Boulter & Barbara C. Buckley 
School of Education, University of Reading, England, RG6 1 HY 

Abstract 
Expressed models are those which learners represent for others and which 
are therefore available. A typology of expressed models is developed here 
using a two dimensional array with the aim of providing a reflective tool 
for examining the range and development of models in particular 
contexts. The use of the typology is illustrated through the mapping and 
discussion of the models used to represent decay by a student from a 
group of initial trainees who were part of a Soils and Habitats course 
investigating a woodland and stream in the field. To simplify the 
complexity of the ecology of soils and habitats a system of eight levels is 
proposed which would allow a complete scientific understanding and 
interconnectivity in understanding soils and living things. The data show 
the student's models for decay changing according to the task presented 
and the mode of representation she chose. They remain a fragmented 
collection of models but at the end of the course the student is starting to 
develop intentional model building which may lead to a coherent 
synthesis of models. The possibilities for using such typologies are briefly 
discussed. 

1 Introduction: Sorne background on the approach to models 
lt is through models and representations that we come to understand the 
phenomena of the world as we appreciate them through our senses. These 
may be apparently simple objects like a human heart or a time bounded 
interaction, an event, such as a heart attack, or a series of events making 
a process such as decay, or a complex interacting system operating at 
many levels, such as a woodland habitat. The mental models which we 
form in our minds as we encounter these objects, events, systems and 
processes of the world are not available to others until expressed either in 
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a concrete or symbolic form (Gilbert and Boulter, 2000). Often these 
expressed models are mixed and include say both material objects and 
symbolic textual labels as in the case of the labelled plaster model of the 
hea1i .The symbolic may be visual, verbal or mathematical text or 
gestural. These concrete and symbolic modes of representation are the 
ways that mental models can be expressed. When any representation is 
formed it expresses the behaviour of the mental model shown in the 
particular behavioural aspects of the representation which may be 
dynamic or static, deterministic or stochastic and also the numerical 
precision of the model which may be either qualitative or quantitative. 
These two parameters of models, the modes of representation and the 
attributes of the representation form the two axes of our constructed 
typology of models (Boulter and Buckley, 2000). 

2 Working with models: expressed models and phenomena 
The work of the Models In Science and Teclrnology Research in 
Education (MISTRE) group deals with models as representations of the 
phenomena of the world (Gilbert and Boulter, 2000). The work reported 
in this paper forms part of the on-going research of this group which 
aims to produce a substantive theoretical base within which the teaching 
and learning of the classroom and out of school contexts can be 
investigated within a model-based framework. This framework is 
described elsewhere (Gilbert and Boulter 1998,2000, Gilbert, Boulter and 
Rutherford, 1998a and b, Buckley and Boulter, 1999). Its first essential 
element is that the individual forn1s mental models of phenomena that 
are perceived through the senses and these mental models have particular 
features (Franco et al.in Gilbe1i and Boulter (eds) 2000) one of the most 
vital being that they are personal and can only become available to 
others when they are expressed. These expressed models of particular 
phenomena are the raw material of our empirical research across a 
number of contexts. In classroom situations where there is interaction 
between learners and teachers the expressed models of many individuals 
(and texts) may enter a single session and interact with each other. These 
expressed models may be idiosyncratic to the individual or they rnay be 
sorne form of consensus rnodel in a small group working together or they 
may be one that many people would agree with who work within that 
field. Those that appear in the agreed curriculum for science are 
consensus currículum models. Those that teachers use to help children 
understand a particular scientific model are teaching models. Those that 
scientists would accept in their specialist field are scientific consensus 
models. In collaborative discussions between learners to solve problems 
and explain phenomena individuals may argue to reach sorne sort of 
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temporary consensus about an agreed model after discussing their 
personal models (Boulter et al 1998). 
The second element is that phenomena are of different kinds. They may 
be objects which are concrete entities, they may be time-bounded events 
within which objects interact with each other in particular ways, they 
may be processes within which events interact or they may be complex 
systems of interacting processes. W ork on the aspects of these 
phenomena (their structure, behaviour and mechanisms) that are used to 
produce representations in school texts based on the work of the group is 
described in work presented in these papers on the heart and circulation 
(Selles, 2000) and in other work (Oversby,1998). 
We considered that this set of understandings that we had developed 
might be a useful too! for the analysis of model building and teaching and 
learning in the classroom. Viewed in this way sense can be made of the 
features of the phenomena under study and the types of models that are 
being presented to learners and those that they express. lt is also probable 
that for effective learning students need to have access to a range of 
models to explain any phenomenon (Marsh et al.1999). The need for a 
classification of the representations used in the classroom was therefore 
apparent and we choose to use a typology with two dimensions to show 
our classification. In this typology we can chart the range of models of 
particular phenomena and so provide a tool for comparing the range used 
in different contexts or by different students, a tool to facilitate 
teacher reflection on the models available to students, and a means 
through which we might add to the understanding of developmental 
patterns in pupils expressed models as they move towards a scientific 
consensus v1ew. 

3 The construction of typologics of models 
The axes of the two dimensional typological array are based on the work 
of Mirham (1989). The criteria for one dimension are the extent to 
which the models are material or symbolic, whether they are static or 
dynamic and whether they have a fixed or stochastic outcome. We call 
this dimension the "attributes of representation". The other dimension 
we have chosen is based upon the importance that the visual, spatial , 
mathematical , gestural and verbal presentation has upon learners. We call 
this dimension the "mode of representation" . We recognise that modes 
of representation are often mixed in our typology. The typology that we 
propose is therefore presented as a set of cells within a two dimensional 
cha1t which if filled provide the range of expressed models possible for a 
given phenomenon We first made an array of the types of 
representations generally thus any cell can contain entities such as 
diagrams, and 30 models (figure 1). 
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Figure 1. Typology of expressed models and kinds of representations. 
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To illustrate its use and explore its effectiveness we have arrayed within 
the typology the expressed models we found working with a teacher 
trainee of the models of decay she used of woodland and freshwater 
habitats. 

4 The data from student teachers learning about ecology 
The research data upon which we draw was conducted with a group of 3 1 
pre-service teachers comprising 13 Science specialists and 18 Geography 
specialists . The course they took was a Habitats and Soils course run by 
the authors and its focus was the interactions between soils and habitats 
that determines what grows in the habitats visited each week. The 
students devised their own areas of inquiry in the field each week with the 
aim of relating their findings to their developing models of ecology. Each 
student group of four to six individuals worked together to raise questions 
to investigate, collect data in the field, and report back to the whole 
group. Self selected pairs prepared posters to explain their model in a 
particular habitat to the whole group towards the end of the 1 O week 
course. Initial representations of student understanding of the 
interactions between soils and habitats were collected and at the end of 
the course students were interviewed , if they wished, to probe their final 
understanding. They submitted their personal field work files required by 
the university for assessment purposes. Student groups were video taped 
in turn in the field and classroom. The data set therefore contains initial 
representations, posters and field work files together with video 
recordings of groups working together and of pairs presenting posters. 
The data has been analysed previously (Boulter, W alkington and Buckley 
, 2000) to show sorne of the constraints to the model building at the 
collaborative leve! within small groups. In this analysis the following were 
found : 

• Initial representations clearly relate to school texts 
• Critica! incidents arise in the field when the match between 

existing models and data cannot produce a coherent explanation. 
• Group dynamics have a strong influence of the group model 

adopted through negotiation. 
• Individuals seek out information following critica] incidents in 

the field and poster presentation. 
• When producing the poster students try very hard to integrate 

and reconcile their models. 
• In both poster discussions and in writing files students tend to 

revert to their individual models. 
• Jn final interview students had all revised their models although 

they were still very incomplete. 
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• Students gained a stronger appreciation of the scope and range of 
models and the value of collaborative working. 

The task of mapping the data on students individual models into a 
typology thus is contextualised by this previous work 

5 Producing a typology of models of decay from a student 
Ecological phenomena are complex and involve organisms (microbial 
objects), events such as death, processes such as decay , and systems such 
as the stream. Ecological processes involve not only the biological 
entities but also those of the soil. For us the soil/biology interface is very 
important as our course (Habitats and Soils) is aiming to help students to 
integrate their knowledge of soils and biology. We position decay as a 
process phenomenon, a series of events including death and the diff erent 
phases of decomposition. These events involve a number of concrete 
entities interacting and these vary according to which leve) of 
organisation we choose to examine. The central level entities on the 
scales we have devised are organisms for the biological levels and pedons 
for the soils. Both range in 8 levels from geosphere to atom (Figures 2: 
Levels of organisation in biology and 3: levels of organisation in soils). 
Any student learner may represent decay at any level and in either the 
soil or biology levels or in both. 

Figure 2. Levels of biological organisation in ecosystems 

Level Structures Examples of behaviour 
+2 Geosphere Diffusion and movement of air, soil, water 
+l Ecosystems Population dvnamics 

1 Organisms Food webs & chains, feeding, dying, 
reproducing 

-1 Organ systems Digestion, respiration 
-2 Cells Microbes, cells within organs processing food 

constituents 
-3 Organelles Mitochondria, lysosomes processing molecules 

& enern:v 
-4 Molecules Biochemical cycles 
-5 Atoms Chemical reactions 

• Correspond approximately to physical scale 
• The lower level embedded in the next higher level 
• When unicellular organisms are considered the cellular level slides up 

to the organism leve! and organelles replace organ systems. 
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Figure 3. Levels of organisation in soils 

Leve Is Structures Examples of behaviour 
+2 Geosphere Diffusion and movement of air , soil and 

water 
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+! Ecosvstems Mineral and water movement, gas exchange 
l Pedons Horizon formation and destruction, 

bioturbation, humification 
-1 Horizons Ion concentrations, Cutans forming round 

oeds 
-2 Peds and pores Shrinkage and swelling in clav oeds 
-3 Minerals Weathering, hydration and hydrolysis, 

comolexing 
-4 Molecules Leaching 
-5 Atoms Chemical reactions 

The typology framework for categorising models in this way could be 
used with severa! sets of data from our work as mentioned earlier. W e 
could compare groups of students at particular points in the course or 
compare those investigating different habitats. We could take the text 
books and resources that students use and classify ali the representations 
available for them to learn from. We could focus on one level such as the 
ecosystem level in soils and biology and array the models which emerged 
during the whole course from ali its participants and the texts with which 
they interacted to assess the potential of the course in providing a range 
of models. 
However, as we are concerned in our work here with how individual 
students build mental and collaborative models during enquiry based field 
work (Boulter and Walkington, 2000) we have taken the data from one 
student called Sally. 

6 The analysis of Sally's models of decay 
Sally is a Geography specialist who has had previous experience but not in 
the field: 
" ... most of what I learnt was done in my A leve! (at age 18) when we did 
work on ecosystems particular/y like a woodland and we did nutrient 
cycles. J learnt a lot then because I liad to do a module so J had to do a 
lot of reading up .... " 
Like other students she experienced the different habitats and group 
experiences outside. Like other students she wrote a field notebook of her 
reflections on what she had seen. 
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At the start of the course all the students were asked to represent their 
understandings of the relationships between soil and ecosystem in a 
woodland. These initial representations provide the first indications of 
Sally ' s model of decay. About half way through the course students in 
pairs were asked to produce a poster showing the inter-relationships in 
one of the habitats they had studied. Sally chose to present the stream 
with Lisa another Geographer who was part of the collaborative group 
described earlier, but who had worked in a different group in the field. The 
poster provides evidence of Sally and Lisa's model of decay half way 
through the course. This poster was presented to all the other students 
and the lecturers who assessed them and devised questions for the 
presenters, to probe their understanding. These videotaped sessions, 111 

which the poster representations were probed, allow us as researchers to 
see Sally's individual models of decay being challenged and defended. 
At the end of the course each student was interviewed with a sheet of 
paper with the words 'Leaf and 'Soil' and an arrow connecting them on 
it and asked to explain the relationship. This provides evidence of Sally's 
final model of decay. From this data we can show how Sally's model of 
decay changed over the length of the course and gain sorne insight into 
the extent to which this can be described as individual model building. Ali 
of this data provides representations of the student's mental models 
through visual and spoken material. 

7 The analysis of Sally's initial representation 
Sally initially chose to represent her model of decay as a linear flow 
diagram of a food chain with general definitions . She drew a bacteria! 
organism level model of decay and a numerical population model of 
community. The task only allowed her to draw and write and she used an 
ecosystem level and organism level to explain her understanding. She 
mentions soil as a non-living component of the ecosystem but <loes not 
explain any structural or behavioural features . 

8 The analysis of Sally and Lisa's poster of the river and its 
discussion during the presentation to the class 
Lisa and Sally describe their poster during the presentation as "a map 
that's really about food webs and food chains". The poster is in fact very 
crowded and when analysed shows severa! different models that have been 
superimposed in Sally's words, 
" We sort of tried to put our understanding down anta paper and that was 
our way of doing it. Jt was a sort of logical cycle far us - ali the different 
bits". 
It shows cycles rather than systems through a collection of diagrams, 
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photos, cha1is drawings and text boxes all connected together by lines of 
coloured tape. There is little sign here of the population approach of the 
initial representation and it is the habitat and ecosystem approaches 
which dominate. The soil interactions are only sparsely and obliquely 
mentioned in terms of their direct effects on the mineral content of the 
water and the size of the substratum of the stream. Perhaps this is the 
influence of the field experience in the stream where the focus of the 
tasks was on the adaptations of organisms to the microhabitats. In her 
final interview Sally explained the influence of the field work as, 
"Being in the field has helped me sort of picture it more and see how, it 
(works) in action rather than just in a book." 
The models connected to decay are very incomplete. There are a number 
of levels involved in a full explanation of a process. A complete 
explanation also requires coherence between models at each level from 
the atomic to the geosphere . ln Sally's explanation in the poster we find 
two levels involved in explaining decomposition. The first is an energy 
flow model consisting of a number of unnamed stages during which sorne 
energy is transferred and sorne is lost. There is also an explanation of 
decomposition at the molecular level involving a breakdown model so 
that molecules such as protein are broken down by micro-organisms to 
give rise to ammonium at the bottom of the stream. These two are a t 
different levels of organisation and Sally does not attempt to make them 
as coherent as she could have done by making nutrient flows explicit. A t 
the bottom of the poster there is a little flap which tantalisingly reads 
"Did you know?" and inside is the statement that calcium facilitates 
decomposition. This statement was questioned during the presentation 
and revealed interesting understandings of decay. The students both 
struggle to explain why calcium should speed up decay and suggest it is 
because calcium is acidic. Then they suggest that it would also involve 
oxygen because oxygen is important in speeding up decay. Then they 
recall that peat is acid and that stops decay so they suggest that the 
calcium in leaves is present as calcium carbonate and that may provide 
the oxygen for the acceleration. The behaviour and mechanism for 
calcium affecting the speed of decay remains unresolved as the discussion 
passes on to deal with matters of adaptation. 

9 The analysis of Sally's final interview 
In her final interview although Sally draws linear diagrams to show her 
understanding of the leaf falling to the soil she talks about cycles. Talking 
about the skeleton of the leaf she said 
"/t goes into the soil, the organisms may eat it but then eventually it goes 
back into the soil again so it 's the whole cycle of events. Everything gets 
used actually (that was) within that lea.f" 
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Despite this she described photosynthesis but not respiration, the 
reciproca! process. She is concerned mainly with the organisms and 
organs in the biota and what they do and with the structure of the 
horizons of the soil. At the molecular leve! she identifies lignin, cellulose 
and protein leaching out of the leaf in water as shown on the poster. She 
is unsure of the nature of decomposition and what the scale differences 
are between atoms of nitrogen and molecules of protein. The molecules 
are represented as words and small circles. The use of the word soil in the 
probe may have been more difficult for her because the poster showed so 
little soil content and the question was never asked about the differences 
between decomposition of the leaf in water and soil. 

10 Sally's models of decay mapped in the typology 
Placing Sally's models into the typology we used italic script to show her 
models in the initial representation, Times script to show her models in 
the poster task and Helvetica script for her models in the final interview 
(figure 4). Looking at Sally's models we see that she is using a limited 
range of models and that for any one sample they do not cover the same 
levels. The task effects the models that are expressed, the poster and its 
subsequent discussion allowing the widest range of models, both 111 

representational form and leve!. 
The tasks do not allow sorne types of model to be expressed at ali, 111 

particular there is little opportunity except for hand movements for the 
dynamic aspects of ecology of soils and habitats to be expressed. This 
suggests to us that we might revise the course to provide tasks that would 
require the use of dynamic representations. 
When we examine the development of Sally's models of decay we see 
Sally's models for decay changing according to the task presented and the 
mode of representation she chose. They are always fragmented and the 
main theme throughout Sally's struggle to understand is the need for a 
synthesis of these cyclical models into a coherent system. Sally has only 
just begun the process of intentional individual model building and the 
integration of soils and habitats. Sally has not yet challenged her original 
models although she has learnt new things. For instance the way the role 
of fungi in decomposition has been added onto her existing collection of 
models but without change and synthesis taking place. 
This analysis makes us as course developers face the questions of how we 
can change the course so that a more effective development of models 
takes place. In particular we need to provide for more integration of 
knowledge of soils and habitats to take place. For this we are asking 
ourselves. 
What might we expect of a student with a complete scientific model? 
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Figure 4. Sally' s models of decay placed in the typology 
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What might we expect a student to understand of the inter-relationships 
of habitats and soils? 
How can we change the provision on the course to en.han.ce more 
effective and coherent model building? 

11 U sing typologies 
We feel that producing typologies of particular phenomena such as 
decay is useful. 
• As a tool for teacher reflection on the Soils and Ecology course the 

typologies have enabled us as teacher trainers to identify the range of 
models used and the missing parts of the range. Although model 
development in this student was weak we hope that from further 
analysis we shall be able to identify more fully patterns of 
development as student teachers use of models. 

• In school models of air resistance have been studied showing the 
differences in range between the imposed currículum of the national 
prescnpt10n, the intended cu1Ticulum of the teacher and the 
experience cuITiculum of the pupils (Simpson, 1999). The typology 
could be used to analyse such ranges of models in other subject araes. 

• In the classroom models are presented through four main avenues, 
through objects, by discourse, by print-based means and through 
screen based resources. Our typologies enable a discussion of the 
effectiveness of these avenues to present a range of models of 
particular phenomena and the design of investigations. Where a 
particular avenues are used the range of models in each can be placed 
into a typology and comparisons made. 

The development of the framework for the typology of expressed 
models and representations has necessitated deep analysis of the nature of 
models and modelling. lts use has opened the <loor to making sense of 
what may be happening when students leam about complex processes 
such as decay and prompted us to ask questions about how our course 
could be improved. 
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Abstract 
With this work, we seek to show sorne of the difficulties that the 
transmission of scientific models in Biology presents about the notion of 
biological adaptation. These difficulties can be considered real obstacles 
for didactic transposition and therefore an active source of ways of 
interpreting Biology. The study deduced a model of biological adaptation 
that may work as a scientific reference for its transposition to other 
contexts. Attributing a meaning to the term 'adaptation' requires the 
interactive application of different underlying models. Ce1iain elements 
and relations that play a decisive role in this interaction are transmitted 
in an ambiguous way and we must understand them to be implicit in most 
of the cases . Difficulties found in the interpretation of the adaptation 
model correlate to the ones found at the identification of the adaptation 
model that emanates from the books of obligatory education. 

1 Introduction 
This work is a summary of the contents of the PhD, about the 
transposition of the biological adaptation concept from scientific texts 
to the books of Secondary Education ( 12-16 years old) (De la 
Gándara, 1999). Biologists warn that adaptation is a difficult term to 
define (Dobzhansky, 1980; Mayr, 1983). The adaptation is a concept 
difficult to be taught and Iearnt, and interfered with the Iearning of other 
concepts, specially those related to the idea of biological change (Ferrari 
and Chi, 1998; Moody, 1996; De Miguel and Grau, 1996; Jeffe1y, 1994; 
Swarts et al. , 1994; Jiménez et al., 1992; Clough and Wood-Robinson, 
1985; Lucas 1971). To this effect, we talk about alternative conceptions 
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distant from the concept scientifically accepted. However, both scientists 
and teachers in their classrooms and students in their projects allude to 
adaptation to explain and to describe biological phenomena of a very 
different nature (De la Gándara and Gil, 1995). 
From the point of view of Didactic Transposition, the valuation of the 
ideas observed inside an institution entails bearing in mind the model 
components and the relations established between them, within the 
institution concerned (Chevallard, 1985). We are thus interested in 
knowing what model of adaptation is being transposed to the text books 
that students of Secondary Education use in relation to the model of 
biological adaptation transmitted by specialised literature on biology. 

2 Methodology 
To answer these questions we sta11ed two parallel studies, carried out in 
different phases. 
The first phase consisted of a previous study, aimed at the configuration 
of the model of adaptation transmitted by scientists through specialised 
literature. At the same time, it pretends to be a source of criteria to guide 
the decisions to be taken in the phase of the study of transposition in the 
strict sense of the word, of the adaptation model in the textbooks of 
Obligatory Secondary Education. 
The whole previous study was submitted for a process of validation by 
triangulation in which we counted on the intervention of three experts: 
two biologists and a palaeontologist. 
Following the procedimental model posed by Miles and Huberman (19 94) 
for qualitative researches, in each phase, the work develops in four stages: 
(1) Selection of texts and remarks through quotations. (2) Categorisation 
of the data in a network. (3) Analysis of the network. (4) Conclusions or 
partial results. 
In order to shape the scientific referent we resorted to the terminology 
used in several works from the specialised literature. The selection 
criteria applied we summed up in the following: 1 • Diversity of authors 
and contexts. 2· Keeping ourselves to the content remitted by the index 
(thematic and terminological ones) that appears in the different works 
( except in the two papers that we registerd entirely). The sample 
remained composed initially by 12 works to which we added one more 
(general biology), after the process of externa! validation. Its inclusion 
was also used as an instrument of interna! validation, after we checked 
that it altered neither the analítica! elements we were consídering, nor the 
results we had obtaíned in the initial prevíous study (Annex 1 ). 
As to the textbooks of Secondary education we resorted to the four books 
used in the four years of Secondary educatíon that represent each one of 
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the three best selling publishers. Twelve books, so in this case, we took 
into account the whole content on Biology. 
As a systern of data categorisation we chose the network (Sanmartí, 1989; 
Bliss et al.1979) , because it was an instrument that showed hidden more 
clearly, as well, giving others readers the possibility to evaluate the 
network. 
In its most reduced form , we obtain a "globa!-science net ", where only 
what is said by the whole of the sarnple of scientific books about 
adaptation is shown. In the case of books for Secondary education, we 
establish an analogous network for each cycle ("global-ESO~/lrst cycle 
ne!" and "global-ESO-second cycle net "), sta1iing with the network tha t 
we created previously for scientific literature. We are interested in 
showing what aspects of "adaptation" the different publishers share in 
each cycle (Annex 1). 

3 Results 
Because of the way in which they are made, the networks represent 
something more than simple systems of categorisation, as they constitute 
a first step in the data analysis. Each one of them allows us to appreciate 
different points of view, giving rise to a model of the concept of 
adaptation (Figure 1 ), both for the scientific texts as well as for th e 
Secondary education books: 

The ontological dimension is built up from those statements where 
"adaptation", of an empirical nature, works as an object of 
knowledge. As such, it can be outlined by the explicitation of sorne 
altributes and made evident by the contribution of examples. lt 
corresponds to the network iterns that we included in the "object" 
category ("features" and "process") ( de la Gándara, 1999). 
In the epistenwlogical dimension the adaptation works as a 
conceptual too!. It takes in those statements that show how 
"adaptation" is integrated in a theorical-procedimental framework a 
how it is used to explain other concepts and phenomena and to 
predict facts. It corresponds to the analysis of the category 
"epistemology value" and, in the case of the Secondary textbooks, 
also to the category "didactic value" ( de la Gándara, 1999). 
Abiding by the language used by the authors , a third dirnension of the 
concept called "distracters" is configured, as long as they obstruct the 
ident({lcation of de model and therefore its transposition to didactic 
contexts in 11011-university levels. It corresponds to the "ambiguities" 
and "contradictions" that appear in a dispersed way in all the 
categories of the networks (de la Gándara 1999). 

Comparing the models that emerge from the network, in their three 
dimensions, we obtain the following results. 
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Figure 1. Dimensions of the adaptation model on the specialised 
literature and the textbooks of Secondary Education 
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3.1 Ontological dimension transposition 
The adaptation is a concept easier to be used than defined in both 
scientific and secondary textbooks. 
The transposition to the first Secondary cycle (12-14 years) produces an 
adaptation model very different from the scientific one and closer to the 
ordinary sense of the term: 

(l) 'Adaptation' is every feature needed for survival (2). 'To be 
adapted' is equivalent to "live in a place". (3) 'How they adapt 
themselves' is equivalent to "now they live". 

A sudden change happens in the Second cycle (14-16), the double sense is 
transposed: both as a feature and as a process. The adaptation-feature 
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model is, almost, a transcription from the inferred model from the 
specialised literature (Table l ). 
The adaptation-process model inferred from the specialised literature is 
implicitly integrated into two submodels -the physiological and the 
evo lutionary ones-: 
(a) From the specialised literature, we infer that all the descriptive 

and all the explanatoty tools of de model of physiological process 
of adaptation are implicit in most of the cases. This implicit 
model is transposed in an inconspicuous way to the Second cycle, 
substituting "life function" for "adaptation" (Table 2) 

(b) The model of evolutionary process of adaptation is the only one 
transposed in an explicit way to the second cycle (Tables 3a and 
3b). 

Table l. Model of Adaptation as a Feature. 

1 
S pezialized Iiterature ~ transcription ---.¡ ESO -2nd cycle 

1 

For surviva l: consensus with sorne Shared (it means that 
ambiguity it is equally 

transferred to ali the 
Adaptation is a publishing houses) 
structurc that 

For rcproduction: with sorne Shared without supplies "profít" to 
its possessors: discussions and rcfincmcnts, among discussion 

specialized literature. 

For evolution: stated by few authors and No! shared 
object of controversy for others. 

The status of adaptation is relative to either an cnvironment or Shared 
a way of lifc, or a function (functional efficiency). 

An adaptation itself may characterise to either one species or Shared 
more, even if it lacks of any taxonomic value. 

The proof consists of showing the Shared 
correlation bctwccn thc fcaturc and one 
or more environmental factors. 

The evidences or The proof consists of showing the Shared 
exa111p!es of efficiciicy of that adaptation in the 
'adaptation' defence that it supplics to its possessor 

against the damaging action of 
cnvironment (or any environmental 
factor). 
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Table 2. Inferred Model of Physiological Process of Adaptation 

1 
Spezialized litera tu re ~ tra11spositio11 -...j ESO -2nd cycle 

1 

Small changes with little novelties. 

Generation change 

Recurrent change 

Reversible change 

Predictable change in most of the cases 

Omission of the model's explicative This sort 
tools: 

of biological changes are 
transposed under the denomination 

• Participation of genetic information "living functions", but not "adaptation". 
• Participation of the reproduction 

• Participation of the ontegenic 
development 

• Participation of the natural selection 

It is to be presupposed that the entity 
who carries out the process is the 
individual, when they quote different 
types of biological systems. 

Table 3a. lnferred Model of Evolutive Process of Adaptation (the 
model's descriptive tools) 

1 

Spezialized litera tu re ~ transposition -...j ESO -2nd cycle 
1 

Controversy: small novelty / big novelty 

Transgeneration change 

Unique change 
• Use to be implicit 

• Elude controversies 
Irreversible change 

Controversy: Predictable change / Unpredictable 
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Table 3b. Inferred Model of Evolutive Process of Adaptation (the 
model's explanatory tools) 

1 Spezialized litera tu re ~ transposition --..¡ ESO -2nd cycle 1 

Role of genetic information: 

• New information is requircd. 

• Several terms employed: "genetic 
variability", "genetic change", "new 
genotypes" 

Change requires reproduction 

Role of genetic information: 

• "Genotype" and "phenotype" are quite 
often used at the same levcl. 

• "Genetic variability", "genetic change", 
"new genotypes" are indistinctly 
applied. 

Insistence on "adaptations are inhcrited" 
but "not acquired". 
"lt 1s very difficult to distinguish 
between "inherited" and "acquired". 

Controversy: Normal development / Ontogenesis breaks with Adaptation. 
Anomalous (treated by very few authors) 

Role of Natural Selection: 

• Controversy: Previous / after biologic 
change. 

• Selection is employed to explain 
Adaptation. 

• Selection has value as a proof of 
empírica! object to be an adaptation 

• Selection is employed to explain the 
restrictions of adaptation: neither 
every biological change is possible, 
nor everything produced by selection 
is an adaptation. 

Ambiguity on causal relationships: 
(a) Between Adaptation and Random. 
(b) Between Adaptation and Natural 

Selection 
(e) Between Adaptation and Isolation 
(d) Between Adaptation and Competition 

Difficulties on distinguish between 
"process of Adaptation" and "process of 
Evolution". 

It is to be presupposed that the entity 
that realises the process is the 
population, or lineage, when quoting the 
different types of biological systems. 

Role of Natural Selection: 

• Ambiguity about the sequence 
Selection-Evolutive changc. 

• Adaptation is employed to explain 
Selection. 

• Adaptation has a value as an evidence; 
an empírica! object that does not need 
to be dcmonstrated. 

• Ambiguity about the adaptatative 
restrictions. lt could be interpreted tha t 
everything produced by selection is an 
adaptation. 

The same ambiguities are transferred 

The process of Adaptation is identified 
with the process of Evolution. 

They allude indistinctly to terms that 
represent taxonomic or ecological 
groups. 
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The descriptive tools, which are implicit in rnost of scientific literature, 
are transferred in the same way or even in a confused way to the books of 
Secondary education. Basically the explanatory tools are transposed m 
the same way, even though some of them work in a different manner: 

The causal relations between adaptation and selection are 
reversed: the adaptation is used to explain the Selection. 
The relations between adaptation, genetic inforrnation and 
heredity are ambiguous. 
The ambiguity shown by scientists when relating the adaptation 
with random competition and isolation is completely transcribed. 
The entity object of adaptation must also be inferred, although the 
lack in precision related to it are marked in the secondary books, 
when taxonomic and ecological groups are placed at the same 
level. 

3.2 Epistemological dimension transposition 
The reference paradigm is the Darwinian one, with sorne 
ambiguities in the framework as well as in the methods used to 
study the adaptation. 
Sometimes scientists point out the role of the Darwinian theory in 
the refutation of creationism. However all the books refute 
Lamarcki sm. 
Among evolutionists, gradualism is object of discussion, however 
this aspect into the Secondary textbooks is transposed in a very 
ambiguously way. 
The biggest difference between specialised literature and 
Secondary textbooks, takes place in the procedures. About the 
methods employed to study the adaptation is possible to point up 
the role of examples. Among biologists, the examples are based on 
isolating and contrasting hypothesis. In the Secondary textbooks 
the examples are used as an opportunity to make theory using two 
kinds of strategies for it: Sometimes analogy is used as a resort, so 
sorne "reading codes" are introduced which will show the reader 
both similarities and differences among the situations that have 
been created. Other times some facts "ad hoc" are presented, 
introducing a high level of interpretation, from the framework 
this is trying to be reconstructed in the description, for example, 
analogous and homologous organs like evidences of Evolution and 
Adaptation (Table 4) . 
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Table 4. Transposition of the Epistemological Dimension of the 
Adaptation model 

1 
Spezialized literature ~ tra11spositio11--..¡ ESO -2nd cycle 

1 

Theoretieal frame: Thcoretieal frame: 
• Darwinism versus Creationism • Darvvinism versus Lamarckism 
• Controversy: Gradualism versus • The Gradualist-Saltationist 

Saltationism, to explain sorne eontroversy is me11tio11ed apart from 
biologieal changes. adaptation a11d the theory of natural 

selection. 
Proeeedi11g frame is based 011 Proeeeding frame is based 011 
experime11tatio11: exemplifyi11g: 
• Mere allusio11 to isolatio11 of • First Cycle: Choosing real and 

biological a11d enviro11me11tal imagi11ary examples, liable to be 
vari ables, followed by eo11trasti11g of compared by a11alogy. 
hypothesis. • Seeo11d Cycle: Showi11g theoretie 

eo11structs (interpretatio11s) as 
observable obiets. 

3.3 Adaptation model identification: Distracters or difficulties 
The texts analysed contribute to perceive an speculative image of 
biology, because the lack of argumentative consensus, even harder 111 

Secondary textbooks: 
Substitution of selectionist criteria by utilitarian ones and this make 
everything able to be adaptation. 
Absence of homogeneity when stating the tools of the model, so tha t 
ones, which were useful for some authors for explaining the 
adaptation, are just omitted by others 
The adaptive status of sorne "evidences" is questionable. For 
example, organism colours sometimes are mimetic adaptation or a 
mechanism to conserve temperature body. 

In the Secondary textbooks, the arguments against externa! teleology of 
creationism and against interna! teleology of Lamarckism become 
insufficient, contributing to this: 

The _f¡nalism associated to the argument of benefit brought off, 
leaving out the evolutive model, in the physiological context in 
Secondaiy. 
The anthropomorphic image of selection (as selection "opts" 
"chooses" , "decides"). 
Solid arguments against Lamarckism lack. 
Abuse of problem-situations, without a previous negotiation about the 
meaning of the terms to be used. 
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The concept of adaptation is transmitted as a term empty of any 
contents, because of sorne reasons most of which have been quoted yet. 

Because of an argumentative circularity, as adaptation is utilised for 
explaining the adaptation. 
Because of the ambiguity shown at the definition of sorne terms, 
"adaptation" among them. Others are "ambient" and "time". 
Because of explicitation of a demarcation criteria between the 
phenomenon of evolution and the adaptation one lack, especially in 
Secondary education books. 
Because to explain the same phenomenon sorne times omitting the 
term "adaptation" and in others expliciting it. 

4 Discussion 
When we enquire what sense do the different publications give to the 
term "adaptation", we find severa] expressions, arguments, value 
judgements about what other authors do or say difficult to reconcile. 
Carrying ali these expressions, without exclusion, into a network, they 
point to the existence of such a diversity of perspectives and ways of 
describing them that contribute to forge a speculative image of biology. 
At the ontological leve] , the term of "adaptation" can be tackled as an 
object that hardly designates anything empirical. We can say it an 
entelechy, since it is not enough for explaining the global state of 
adaptation attributed to their owners. 
At the epistemological leve! can be an active obstacle, when there is not 
a shaped causal relationship between the concepts and methods that have 
been mentioned to interpret the phenomena of the biological change. I t 
results an idea empty of any contents, when its description gives of the 
idea that practically any biological system (at any leve!) can be 
considered an adaptation. However, sorne authors tell not to understand 
the adaptation in that way. The adaptation is a mere rhetorical resource 
when is used for explaining what others deny or just question. 
The majority allusions to the mediation of the Evolution made us think 
that the infe1Ted physiological and evolutive models must be integrated 
into an only one. Nevertheless, that integration requires taking account 
of the interaction within the different levels of biological integration at 
the same time, from the individuals genetic level to the populations 
phenotypic one. That also obliges to consider simultaneously both the 
changes that happen in space and those that occur in time. 
We miss a higher precision in two questions: one the one hand, an 
explicitation of criteria for differentiating from one state of adaptation 
to the following one; on the other, interaction mechanism between 
genotype and environment. We have not found the first one in this 
study. The second one only appears very superficially mentioned by 
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sorne of the authors of the sample. We believe that a higher attention to 
the ontogenic model of adaptation (absent in the studied samples), might 
help to fill these blanks as well as to integrate the inferred submodels. 
If you will pardon the irony: it is possible to think that the didactic 
success of adaptation lies in the ambiguous way it can be used. Although i t 
seems to be an irony, it is not. The adaptation can be a challenge to 
question the spontaneous thought both teachers and pupils. 
Far ali this, arises a fundamental question for the teaching: how to 
control the meaning of "adaptation", indispensable for its didactic 
transposition. This question is even more important when teaching 
experience confirms that the adaptation compete in the classroom with 
many other meanings proceeding of the social-cultural environment, in a 
margin of the instruction. We cannot be astonished at how the students 
transmit their biological models, show such degree of confusion. W e 
defend a majar clarity in language and, on top of everything, a major 
rigour in the line of argumentation. 
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[SC]: SCHMIDT-NIELSEN, K.(1976): Fisiología animal. Barcelona. 
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[WE]: WEISZ, P.B.(1971): La Ciencia de la Biología. Barcelona. Ed. 
Omega. 
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[A2]: CARRION,F.; GIL,C.; SATOCA,J.; VISQUERT,J.J. ( 1997): 

Ciencias de la Naturaleza 2. Madrid. Ed. Anaya 
[AJ]: BERGES,T.; CARRION,F.; GIL,C.; MARTINEZ,J. (1995): 

Ciencias de la Naturaleza. Biología y Geología 3. Madrid. Ed. 
Anaya. 

[A4]: BERGES,T.; CARRION,F.; GIL,C.; MARTINEZ,J. (1995): 
Ciencias de la Naturaleza. Biología y Geología 4. Madrid. Ed. 
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[Ml]: DEL CARMEN,L.; PEDRINACI, E.; CAÑAS,A.; 
FERNANDEZ,M. (1996): Ciencias de la Naturaleza. Secundaria 
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BIODIVERSITY Al\!]) THE COMPARATIVE METHOD A 
TEACHINGINTERVENTION AT AGE 11-12 

Abstract 

Marcus Hammann & Horst Bayrhuber 
Institute of Science Education (IPN), Kiel , Germany 

In the didactic literature, comparisons are attributed two main functions 
in the teaching of biology: On the one hand, they can be used as a source 
of information in order to develop the students' knowledge and 
comprehension of the subject matter, for example the students' 
knowledge of adaptations . On the other hand, the comparative method is 
an alternative to experimentation and can be used to familiarize students 
with basic ways of thinking and operating in science. Intending to clarify 
the dual role of comparisons in the teaching of Biology, a pilot study 
investigated, which aims teachers consider important when they engage 
their students ( age 11-19) in anatomical and morphological comparisons . 
The teacher's responses (n= 351) showed that the contours of 
comparisons as a mode of scientific inquiry become sharper the more 
advanced the learning leve] of the students is. In particular, the older the 
students the more important the teachers consider promoting analytical 
skills that are necessary for scientific inquity, for example differentiating 
between different types of biological similarity. The findings of this study 
of teachers' aims in comparisons will be reported and discussed in this 
paper. 
Also, the theory and design of the main study on comparisons in the 
teaching of biology will be presented. Its main focus is on knowledge 
prerequisites necessary for noticing and interpreting similarities and 
differences in comparisons. The two research questions posed by this 
study are whether or not the ability to compare organisms improves if 
students possess multiple knowledge precedents in the domain and 
whether or not multi-dimensional knowledge structures are advantageous 
over one-dimensional knowledge structures in comparisons in which 
students have to distinguish between the ecological and the evolutionary 
perspective. This paper also provides background information about the 
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comparative method as a mode of scientific inquiry, gives a survey of 
studies pertinent to this study, and describes the theoretical underpinnings 
of the research questions and hypotheses . The teaching intervention 
described in this paper aims at 11-12 year-old students and attempts to 
improve the students' ability to discern and interpret differences and 
similarities in comparisons. 

1 Introduction 
The comparative method is a major mode of scientific inquiry in 
Biology. Important monographs (e.g. , Ridley 1983, Rieppel 1988 , 
Harvey & Pagel 1991) and science theorists of comparative biology (e.g., 
Nelson 1970, Osche 1975, Wuketits 1977, Janich 1993, Janich & 
Weingarten 1999) testify to the role of the comparative method in the 
growth of biological knowledge. Recognizing its importance, however, 
has long been rendered difficult by a wide-spread belief in the primacy of 
the experiment in the sciences. Mayr (1982) clearly addresses the 
misrepresentation of the comparative method: "In the theory of science, 
the experiment is often treated as the method of scientific inquiry. This 
is incorrect because in sorne disciplines, as for example evolutionary 
biology, other modes of inquiry are important which are strictly 
scientific. It is above all important to underline the legitimacy of the 
comparative method, because the experimental method cannot be applied 
to many scientific problems." As an alternative to experimentation, the 
comparative method is a mode of scientific inquiry in its own right that 
contributed to understanding the history and diversity of organisms. Mayr 
(1982) even estimates that it has brought forth "more insights than ali 
experiments combined" (32). 
From a theoretical perspective, comparisons establish a relationship 
between objects or organisms by using a criterion (a feature), the 
selection of which depends upon the specific purpose of the comparison 
(Janich & Weingarten 1999). Comparisons, thus, are never theory
neutral and the purpose of the comparison determines feature selection 
and feature weighting. Ecologists, for example, classify organisms 
according to common way of life and use the organisms' adaptation to 
the environment as the basis of their comparisons. They form the "guild 
school" and can be clearly set off from the "descent school," the other 
major tradition in comparative biology, which is constituted by 
evolutionary biologists (Harvey & Pagel 1991 ). The latter base their 
comparisons on completely different sets of criteria. Intending to 
establish groups that reflect our knowledge of the evolutionary past, they 
select criteria which are indicative of common descent and arrive at 
evolutionary-not ecological-classifications. Major advances in 
classification were possible by distinguishing between structural and 
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functional similarities that have their ongm either in common descent 
(homologies) or in adaptation to comparable environments (analogies). 
When students are confronted with the diversity of organisms in 
classification tasks, for exarnple, they have to deal with the concept of 
similarity, a concept that similarity theorists have described as "relative 
and variable" and "hopelessly ambiguous" i f not confined by con tex t 
(Goodman 1972, 444). Without reference to the two causal mechanisms 
that inforrn biological similarity- common descent and adaptation to 
similar environments- similarity is hopelessly ambiguous indeed because 
any two organisms can be found similar or dissimilar depending on the 
features that are selected. A fish and a whale, for example, can be found 
similar if the shape of their bodies is considered. They can also be found 
dissirnilar because the former is cold-blooded and the latter wann-blooded 
and also because they reproduce differently. Empírica! studies, 
unsurprisingly, revea] that distinguishing between different types of 
biological similarity is paiiicularly problematic for sh1dents who often 
misjudge superficial sirnilarity (similar locomotion, similar adaptation to 
the environment) as indicators of kinship (Kattmann & Schmitt 1996). 
Thereby, they disregard that evolutionary and ecological factors figure in 
the concept of similarity and that it is necessary to take them both into 
account by reflecting upon the criteria that serve as the basis for the 
companson. 
Comparisons can provide students with opportunities to engage in 
processes of investigation and inquiry, for example, by placing functional 
and structural similarities in ecological and evolutionary contexts and 
teaching students to distinguish between them. Comparisons, thus, allow 
students to gain insights not only into science concepts and principies, 
but also into the ways in which scientists think and operate when they 
acquire k.nowledge about nature. Classifications of the goals for laboratory 
instruction clearly reflect these two aspects of practica! work in science 
education, listing among other areas "the promotion of scientific 
thinking and the scientific method" and "the development of conceptual 
understanding" (e.g., Shulman & Tamir 1973, Anderson 1976). These 
classifications have contributed significantly to clarifying the role of 
practica! experimental work in science education. In addition, studies 
investigating the airns that teachers pursue in experiments have provided 
precise empírica! information so that it is possible, as Hofstein and 
Lunetta ( 1982) have argued, "to identify optima! acti vities and 
experiences from ali modes of instruction that will best facil itate these 
goals" (213). Similar information is lacking for the compara ti ve method 
in biology education so that it is impossible to say for which purposes 
teachers engage their students in comparative biology. 
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2 Pilot Study: Teachers' Aims in Anatomical and Morphological 
Comparisons 
The didactic literature lists a broad range of goals for comparisons in 
biology education. Eschenhagen, Kattmann & Rodi (1998, 222-228) and 
Stephan-Brameyer (1985, 110-118) provide comprehensive synopses of 
the literature. In contrast to the objectives for experimentation, these 
have not been systematized yet. For the purposes of this study, a 
classification was created that focuses on two main aspects: Comparisons 
as an opportunity for teaching students factual and conceptual knowledge 
(Set I: Knowledge and Comprehension of Science Contents) and 
comparisons as an opportunity for familiarizing students with basic ways 
of thinking and operating in science (Set JI: Processes of Scientific 
Inquiry). Klopfer' s ( 1971) categories "Knowledge and Comprehension" 
and "Processes of Scientific Inquiry" were adapted for this purpose. The 
items in parentheses concretize these categories and can be found in Tab. 
1 and Tab. 2. 

Set/: Knowledge and Comprehensio11 of Science Contents 
• Knowledge of concepts ... ... ......... .... ... .... (items 1, 2 and 3 in Tab. 1) 
• Knowledge of specific facts ......... .... ... .... (items 4 and 5 in Tab. 1) 
• Knowledge of classifications, 

categories, criteria .. .... ...... ............... ....... (item 6 in Tab. 1) 
• Knowledge of scientific terminology ... ... (item 7 in Tab. 1) 

Set JI: Processes of Scientijic lnquiry 
• Observation of objects and phenomena .. (item 1 in Tab.2) 
• Formulation of generalizations 

warranted by relationships found ..... .. .. .. . (item 2 in Tab. 2) 
• Interpretation of observations/ 

scientific argumentation ....... .... ... .. ......... (items 3,4, 6, and 7 in Tab. 2) 
• Knowledge of scientific techniques and 

procedures ...... .. ... ................. .... ... ...... .... .. (items 5,8, and 9 in Tab. 2) 

2.1 Research Questions and Hypotheses 
This study was designed to find out which aims teachers consider 
important when they engage their students in anatomical and 
morphological comparisons. In particular, it is of interest if teachers 
consider comparisons equally as a source of knowledge of science content 
and of ways of thinking and operating in science. Also, this study 
investigates if ce1iain aims shift in importance at different learning 
levels. 
It was expected, roughly, that at the lower learning stages teachers (ages 
11-12) consider the development of knowledge of science contents as 
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more important than providing insights into scientific inquiry because a t 
the early grades the students need to acquire basic anatomical and 
morphological knowledge. Once this knowledge base is established, it was 
expected that this relationship be reversed, with knowledge about ways of 
thinking and operating in science becoming increasingly important also 
because at the middle (ages 13-16) and upper leaming stages (ages 17-19) 
the national curricula assign the topic of evolution greater impo1tance. 

2.2 Methodology 
The aims teachers consider important in anatomical and morphological 
comparisons were assessed with a questionnaire that was pre-tested and 
sent to 180 schools. Since this research project is part of the national 
quality development program "BLK Modellversuchprogramm: Steigerung 
der Effizienz des mathematisch-naturwissenschaftlichen Unterrichts" 
("lncreasing the Efficiency of Science and Mathematics Education") 
schools pa1ticipating in the program were asked to answer the questions. 
Not ali biology teachers were enrolled in the program, however, and 
participation in the survey was voluntary for ali teachers. The return rate 
was 32,5% (n=351). 
The teachers were asked to answer a few questions about themselves: 34% 
of the respondents indicated that they take part in the national quality 
development program; 56% do not participate (10% missing data). The 
majority of the respondents (54%) gave the information that they 
possess more than 20 years of teaching experience, 23 % possess 11-20 
years of teaching experience, 8 % possess 5-1 O years of teaching 
experience, 1 O % possess less than 5 years of teaching experience 
(missing data and teacher trainees: 5%). The majority of the respondents 
(53%) indicated that they teach at the Gymnasium (grades 5-13), the 
type of school at which students can receive the qualification for further 
study at a university; 19% teach at the Realschule (grades 5-10), 15% a t 
the Hauptschule (grades 5-9) and 6% at different school types. 
In the main part of the questionnaire, the teachers were asked to assess 
the importance of 16 pre-formulated goals which are reported in this 
paper. Instead of requesting the respondents to rank the goals from the 
most important to the least important, a scale of four possible answers 
("very often," "often," "rarely," "never") was used so that it was 
possible to rate aims as equally important that cannot be hierarchized. 
This is particularly important because there is estimated to be a high 
degree of interdependence between the items from the two sets of 
objectives outlined above; comparisons can be used for teaching science 
and about science at the same time. 
Additional room was provided in case the teachers wanted to add goals to 
the list that they consider important. However, only very few additions 
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were made. Also, the teachers were asked to answer the questions for one 
grade only and to indicate which grade they were thinking of when they 
filled out the questionnaire. They were advised to choose a grade in which 
they often use anatomical or morphological comparisons, most 
preferably a grade that they were teaching at that moment or not too 
long ago. Also, they were asked to indicate the title of the course if they 
had chosen grades 11-13 (ages 17-19), which are course-structured. 
The data were processed using SPSS to calculate the descriptive statistics 
(frequencies, means, standard deviations) for the following grade groups: 
German grades 5-6 (early learning levels, ages 11-12), German grades 7-
1 O (middle learning levels, ages 13-16), and Gern1an grades 11-13 (upper 
learning levels, ages 17-19). Means were calculated by translating "very 
often" into 4, "often" into 3, "rarely" into 2, and "never" into l so that 
an objective at a mean of 2,5 is of average importance. 

2.3 Research Findings 
Table l repotis on the means and standard deviations of the items in Set 
I "Knowledge and Comprehension of Science Contents. " "Knowledge of 
adaptations of organisms" is clearly the leading objective in this group, 
while "knowledge of the evolutionary change of structures" received the 
lowest seores at grades 5-6 (ages 11-12) and "knowledge of anatomical 
terms" ranks the lowest at grades 7-10 (ages 13-16) and grades 11-13 
(ages 17-19). The majority of items in this set is characterized by slight 
decreases in importance at the middle and upper learning stages. This is 
the case for "knowledge of adaptations of organisms", "knowledge of 
structure plans", "knowledge of anatomical facts" and "knowledge of 
anatomical terms." Their overall decreases in importance from grades 5-
6 (ages 11-12) to grades 11-13 (ages 17-19) is 0,32 on average. In 
contrast, there are two objectives in this set whose importance increases 
at the middle and higher learning stages: "knowledge of the functions of 
structures" increases only slightly, but "knowledge of the evolutionary 
change of structures" increases by 0,72 ( cf. Fig. l ). 
Teachers clearly consider conceptual knowledge- knowledge of 
adaptations at grades 5-13 (ages 11-19) and knowledge of functions at 
grades 7-13 (ages 13-19)- to be more important than other kinds of 
knowledge. The concept of the evolutionary change of structures is 
insignificanf at grades 5-6 (ages 11-12), but rises in importance and ranks 
behind the other two concepts in the third position at grades 11-13 (ages 
17-19). Knowledge of structure plans is rated higher than knowledge of 
anatomical facts , knowledge of classifications and knowledge of terms 
across the three learning stages. Knowledge of anatomical facts is still an 
important aim at grades 5-6 (ages 11-12), but ranks in the second lowest 
position at grades 11-13 (ages 17-19). 
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Table l. Teachers' Aims in Anatomical / Morphological Comparisons. 
Set I: Knowledge and Comprehension of Science Content 
(means in bold letters; standard deviations in parentheses). 
The teachers indicated on a sea le of four ( 4: very often, 3: 
often, 2: rarely, 1: never) how often they used comparisons 
for the indicated purpose. 

Knowledge and Comprehension of grades 5-6 grades7-1 O grades 11-13 
Science Contents n=l20 11=156 n=71 

Knowledge of ... 
1. adaptations of organisms 3,59 (0,54) 3,38 (0,69) 3,38 (0,64) 
2. functions of structurcs 2,98 (0. 75) 3,02 (0,76) 3,15 (0,73) 
3. cvolutionary changc of structurcs 2,22 (0,85) 2,62 (0,83) 3,01 (0,75) 
4. structurc plans 3,11 (0,70) 2,84 (0,80) 2,80 (0,78) 
5. anatomical facts 2,96 (0,74) 2,79 (0,79) 2,49 (0,69) 
6. classifications of spccics 2,68 (O, 70) 2,61 (0,66) 2,64 (0,72) 
7. anatomical tcrms 2,57 (0,73) 2,42 (0.76) 2,29 (0,69) 

Figure l. Teachers' Aims in Anatomical / Morphological Comparisons. 
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The general tendency for the majority of items in Set /1 "Processes of 
Scienlljic lnquiry" is an increase in importance at the middle and higher 
learning stages (cf. Tab. 2). This is true for the following objectives: 
"analyzing anatomical structures to assess kinship," "ana lyzing structures 
to understand the ways in which organisms are adapted to their 
environment," "scientific argumentation", "distinguishing between 
different types of similarity (adaptation / cornmon descent)", 
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"reconstructing the phylogeny of organisms," and "discussing research 
methods" (cf. Fig. 2 for this selection of objectives). Their means 
increase by an average of 0,16 at grades 7-10 (ages 13-16) and by an 
average of 0,42 at grades 11-13 (ages 17-19). "Familiarizing students 
with the method of classifying organisms" shows a slight decrease in 
importance at grades 7-10 (agesl3-16), but an overall increase at grades 
11-13 (ages 17-19). The other two items in this set, "close registration 
of similarities and differences," and "finding common features 
(generalizing)," stay at about the same level of importance across the 
three learning levels. 
Teachers rate the general skills in this set of objectives (i.e. "close 
registration of similarities and differences" and "finding common features 
(generalizing)") as equally important across the three learning levels. 
More specific skills concerning the interpretation of perceived 
differences and similarities are rated higher at the advanced learning 
levels than at the middle learning levels and early learning levels. The 
same is true for objectives concerning knowledge of scientific techniques 
and procedures. "Discussing research methods" is considered the least 
important objective in this group at the three grade groups. 

Table 2. Teachers' Aims in Anatomical / Morphological Comparisons. 
Set II: Processes of Scientific Inquiry (means in bold letters; 
standard deviations in parentheses) The teachers indicated on 
a scale of four ( 4: very often, 3: often, 2: rarely, 1: ne ver) 
how often they used comparisons for the indicated purpose. 

Processes of Scientilic Inquiry 

1. close registration of similarities 
and differences 

2. finding common features 
(generalising) 

3. analysing anatomical structures to 
assess kinship 

4. analysing structures to understand 
the ways in which organisms are 
adapted to their environment 

5. familiarising students with the 
method of classifying organisms 

6. scientific argumentation 
7. distinguishing between different 

types of similarity (adaptation / 
common descent) 

8. reconstructing the phylogeny of 
organisms 

9. discussing research methods 

grades 5-6 
n=120 

3, 13 (0,68) 

2,94 (0,78) 

2,76 (0,79) 

2,63 (0,87) 

2,54 (0,76) 

2,47 (O, 78) 
2,23 (0,85) 

2,22 (0,88) 

1 ,58 (0,67) 

grades7-10 
n=l56 

3,09 (0,67) 

2,85 (0,74) 

2,84 (0,75) 

2,79 (0,75) 

2,44 (0,69) 

2,56 (0,73) 
2,42 (0,83) 

2,52 (0,86) 

1,72 (0,61) 

grades 11-13 
n=71 

3,06 (0,72) 

3,02 (0,72) 

3,20 (0,65) 

2,88 (0,63) 

2,68 (0,71) 

3,07 (0,60) 
2,90 (0,68) 

3,00 (0,82) 

2,30 (0,77) 
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2.4 Discussion 
The findings substantiate the main hypothesis of this study. Teachers 
indeed rate the importance of aims in anatomical-morphological 
comparisons differently at different grade levels, placing less emphasis o n 
scientific inquiry at the early grades than at the upper grades and more 
emphasis on knowledge and comprehension at the early grades than at 
the upper grades. Decreases in importance for objectives in Set !: 
"Knowledge and Comprehension of Science Contents" are however 
slighter than the gains in importance for objectives in Set II: "Processes 
of Scientific Inquiry" so that there is no complete reversa! of objectives 
at grades 11-13 (ages 17-19). Instead, the rise in importance for 
objectives in Set 11: "Processes of Scient¡fic lnqui,y" (cf. Fig. 2) indica tes 
that the contours of comparisons as a method of scientific inquiry 
become sharper at the higher learning levels, though comparisons never 
lose their importance for developing certain kinds of factual/conceptual 
knowledge (cf. Fig. 1 ). Anatomical-morphological comparisons provide 
teachers with the opportunity to familiarize students with science 
contents and basic ways of thinking and operating in science; this 
potential, however, is more fully exploited at the advanced learning 
stages (ages 17-19) than at the earlier learning stages . 

Figure 2. Teachers' Airns in Anatomical / Morphological Comparisons. 
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The findings also highlight sorne discrepancies. T eachers at the lower 
grades pursue ecological and classificatory questions in comparisons ( cf. 
items 3, 4, and 5 in Tab. 2). However, the concept of kinship is divorced 
from the concept of evolution, as exemplified by the discrepancy 
between high seores for "analyzing anatomical structures to assess 
kinship" and low seores for "distinguishing between different types o f 
similarity (adaptation / common descent)" (i.e. items 3 and 7 in Table 2; 
cf. also items 6 vs. 3 in Table 1, and items 5 vs. 8 in Table 2 for further 
discrepancies between kinship-items and evolution-items). Excluding the 
evolutionary perspective from comparisons in grades 5-6 is problematic 
because it interferes with the teachers' objective to promote 
methodological knowledge about classification and analytical skills geared 
towards classifying organisms (i.e. items 5 and 3 in Table 2). 
Evolutionary factors and ecological factors figure in the often 
problematic concept of biological similarity that students must tackle 
when they classify organisms. The problems referred to in the 
introduction, the students' deficient differentiation between ecological 
criteria and evolutionary criteria, can thus be related to the findings in 
this study. Students need to know more about different kinds of similarity 
and, more importantly, about the crucial role of criteria in comparative 
investigations because matching the aims of comparisons with 
appropriate criteria is at the heart of the comparative method as a mode 
of scientific inquiry. Enabling students to reflect upon and argue about the 
criteria that serve as the basis for their comparisons must be more 
prominent aims at grades 5-1 O (ages 11-16) in order to address the 
problems students possess in comparisons and in order to give the 
comparative method a clearer profile as a method of scientific inquiry in 
the classroom. 

3 Main Study: Comparing the diversity of organisms: A teaching 
intervention (ages 11-12) 

3.1 Aims 
The focus of this study is on the knowledge prerequisites that students 
should possess in order to compare organisms. Carrying out comparisons 
entails the two processes of perceiving and interpreting similarities and 
differences. Both processes are influenced by the domain-specific pre
knowledge, as studies on novices and experts' perceptions/interpretations 
of similarities and differences in biological and physical comparisons have 
shown (e.g. Chi et al. 1981, Mervis et al. 1993). The findings of these 
studies indicate that experts interpret similarities differently than novices 
and focus their attention on different details. Experts possess a larger 
case-based knowledge and a repertoire of internalized contrasts that 
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evidently enable them to perform better in compansons 111 which 
similarities and differences need to be evaluated. 
Basing their theoretical considerations on these differences between 
novices and experts, Bransford et al. (1989) suggested an instructional 
approach involving contrast sets. According to Bransford, contrast sets 
help students acquire a repertoire of knowledge antecedents, familiarize 
them with common interpretations of similarities and differences in the 
domain and support their abilities to recognize features and patterns of 
features . In the present study, the method of contrast set teaching will be 
applied to biology instruction. In particular, contrast set teaching is 
expected to enhance the students' performance in ecological and 
systematical comparisons. Two main research questions will be posed. 
First, this study investigates if a larger case-based knowledge in a domain 
enables students to perform better in comparisons. Second, it will be 
tested if multi-dimensional knowledge structures are better suited to 
carrying out ecological and systematical compansons than one
dimensional knowledge structures. 

3.2 Hypotheses 
Two sets of hypotheses on the advantages of contrast set teaching will be 
tested: 
1. The great diversity of organisms complicates the application of 

ecological and systematical knowledge in comparisons. Contrast sets 
familiarize students with a larger number of cases so that they can 
acquire a number of possible analogies for understanding new cases 
and applying knowledge. Against the background of Bransford's 
( 1989) theoretical considerations, the following hypotheses will be 
tested: Contrast sets facilitate the perceptio11 and interpretation of 
Jeatures a11d patterns of features in comparisons. Students possessing 
a large case-based lmowledge will be able to 11otice and interpret 
more features and patterns of features in comparisons than students 
with a more limited case-based knowledge. 

2. Students easily confuse the criteria for ecological comparisons and 
systematical comparisons (Kattmann & Schmitt 1996) because of the 
different causal origins for similarity in biology (adaptation, common 
descent). For this reason, the following hypothesis will be tested: lf 
the organisms of a contrast set are presented from the two 
perspectives of ecology and systematics, students will perform better 
in classification tasks. Spiro's et al. (1989, 1991) Cognitive 
Flexibility Theory serves as the theoretical background for this 
hypothesis, in particular their reflections on the advantages of multi
perspectival knowledge representations in situations in which 
knowledge must be applied to new cases. 
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3.3 Design 
A 2x2 factorial design will be used, varying the number of perspectives 
from which the contrast sets are represented and the number of 
knowledge precedents offered. 

single knowledge multiple knowledge 
precedents precedents 

(no use of contrast sets) (use of contrast sets) 
one-dimensional 
knowledge control group experimental group I representations 
(ecology) 
two-dimensional 
knowledge 
representations not administered experimental group II 
( ecology and 
svstematics) 

4 Relevance of the Study 
The use of laboratory activities in science education is characterized by a 
shift from telling- or verifying-the story of science to inquiry, testing 
assertions, and practicing ' the way of the scientist.' Toda y, procedural 
knowledge is considered as important as conceptual knowledge when 
pupils engage in lab work (Lunetta 1998). Similarly, the goals for the 
comparative method need to be reconsidered. Shifts in science education 
theory that led to dramatic revisions in lab work have left the 
comparative method unaffected and important implications for 
curriculum and practices in the classroom have been ignored. This 
research project intends to stimulate a discussion of the goals of 
comparative investigations in the classroom by calling attention to the 
fact that comparisons can be used to familiarize pupils with a basic way of 
scientific inquiry. It also aims at providing empírica! data for using 
multiple knowledge precedents and integrating ecological and 
evolutionary perspectives in the teaching of biodiversity (ages 11-12) to 
enhance the students' understanding of different forms of similarity and 
suppoti their ability to classify and compare organisms. 
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15-YEAR-OLD PUPILS' IDEAS ABOUT THE DEVELOPMENT OF 
THEIR OWN UNDERSTANDING OF BIOLOGICAL PROCESSES 

Abstract 

Gustav 1-lelldén, 
Kristianstad University, Sweden 

The present study of twenty-eight pupils ' thinking about their own 
understanding, builds upan data from a longitudinal study of pupils' 
conceptualisation of conditions for growth, decomposition and the role 
of the flower in plant reproduction. Each pupil was individually 
interviewed 011 different occasions from age 9 to 15. At the age of 15, 
after the previous interviews, the pupils were interviewed about their 
views of the development of their own understanding. The pupils listened 
to the tape-recorded interviews with them when they were 11 years old. 
They were then asked to make comments on what they said in the 
interviews and try to describe how they thought they had developed their 
understanding. They were also asked to describe what they thought had 
been of greatest importance in the development of their understanding. 
They could recognise statements in the interviews as results of 
experienccs at an early age. The majority of pupils could describe 
concrete experiences that had contributed to the developrnent of their 
understanding. The pupils explained how their understanding had changed 
through the years. Conceptions developed at an early age seemed to be 
important for future conceptual development. 

1 Background 
The present study of t\venty-eight pupils ' thinking about the 
development of their own understanding builds upon data from an 
expansion of a longitudinal study of pupils' conceptualisation of 
conditions for life, decomposition and the role of the flower in plant 
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reproduction (Helldén, 1995; Helldén, 1998; Helldén, 2000). 
Longitudinal studies of individual pupils' conceptual development can 
provide researchers with infarmation about the nature of the learning 
process, learning pathways and the influence of everyday experiences on 
pupils' long-term learning. Without such studies, we cannot make 
knowledge and value claims about pupils' long-term conceptual 
development (Arzi, 1988). In spite of this need, comparatively few 
research projects have been longitudinal in nature (White in press). 
Therefare, I carried out a study of the same subjects' description of the 
three biological processes from 9 to 16 years of age. 
Even at an early stage of the research project, there appeared to be 
personal features in the pupils' descriptions year after year that seemed 
to result from personal experiences hidden from the researcher. Why not 
ask the pupils themselves about such features? The pupils also showed 
interest in what they said during earlier interviews. So, I decided to !et 
them as 15-year-olds listen to how they had described conditions far life 
and decomposition during the interviews at 11 years of age. 
The objectives of the present research project are as fallows 

• to study the pupils' views of the development of their own 
understanding of biological processes, 

• to study what kind of experiences the pupils found to be of greatest 
importance far the development of their understanding 

• to make a more complete description of the pupils' 
conceptualisation. 

2 Design and Procedure 
Like many other researchers in science education, I have faund that 
clinical interviews can give in-depth infarmation on pupils' thinking 
about natural phenomena (Duit, Treagust & Mansfield, 1996). Over the 
course of my study, I interviewed the same twenty-three pupils on 1 1 
different occasions from grade 2 (9 years) to grade 8 (15 years) in a 
Swedish comprehensive school. 
Prior to beginning my interviews of the pupils, I regularly visited the 
class of 9-year-old pupils during a six-month period. The purpose of 
these preliminary visits was to become familiar with the pupils and to 
show them that I was really interested in their thoughts about phenomena 
in nature. During the interviews I made it clear to them that I was 
interested in their thoughts per se, not whether the answer was right or 
wrong. To show the children that I was primarily interested in their 
thinking, I usually started the first question of the interview with the 
words: "What do you think .. . ... ?" 
To challenge the pupils' ideas about the conditions needed far life, we 
grew plants in sealed transparent boxes. I started the interview with the 
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question: "What do you think the plant needs to be able to grow in the 
box with glass lid pasted on?" Another question was: "What do you think 
will happen to the plant in the box if we plant it there and glue the lid 
on?" For my interviews about decomposition, I had soil, brown leaves and 
litter on a table in front of the pupils. The opening question was in this 
case: "What do you think will happen to the leaves on the ground in the 
fall?" Later during the interview about decomposition, I also asked the 
pupils: "What makes the leaves fall from the trees in the autumn?" 
A couple of hours after the last interview at 15 years of age, each pupil 
listened to audiotapes of my interviews with them four years earlier. I 
asked them to comment on their ideas at 11 years of age and explain why 
they said what they did. I also asked them to describe how they thought 
they had developed their ideas after age 11 and what they thought had 
been of greatest importance in the development of their ideas. 
In this report the students have been divided into three groups . One group 
consists of students who do not recognise a major change of their 
understanding. A second group of students recognised a change but 
expressed a more descriptive than retlective and metacognitive view of 
their learning. The third group consisted of students that recognised a 
change and could analyse how their thinking had change. Sorne students 
described themselves as active learners. Other students saw themselves as 
passive learners who learnt through experiencing without doing much 
themselves. See figure 1. 
All of the interviews were audiotaped and transcribed verbatim. Ausubel's 
theory of meaningful learning had important implications for th e 
analysis of the interview data and for the description of the pupils' 
differential conceptual development (Novak, 1998). 

3 Results 

3.1 No or little recognition of change 
All pupils had comments on their descriptions of the phenomena as 11 -
year-olds compared what they thought at 15 years of age. After they had 
listened to what they said as 11-year-olds, Fomieen pupils only 
recognised a minor change in thier understanding of the processes. Sten 
said: "J think the same today besides some stuff about the soil, the mice 
and sort of" The pupils did not correct their answers they gave four 
years earlier, rather extended their explanations like Emil explaining his 
view of the importance of oxygen: "When it has come up from the 
ground there is soil that will help it to grow." Others made comments on 
the different tone of voice like Linda in the following interview segment. 
"J think the same today but it sounded a little more childish." 
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Figure 1. The 28 pupils didvided into categories according to their 
recognition of change and their view of thernselves as learners. 

No or liHle recognition Recognifion of clrnnge Recognition oí change 
of change Descriptive ,·iew Renccti\'e ,,iew 

" Alcxan<lcr 
Barbara Am.lcrs Annic 

Dctty 
Lisa Hanna 
Louisc Johanna 

Ellcn Thomas Ü!-.Car 

Active 
Hclga 

Tovc Sofia Linda 
learners 

Paul 
Svcn 

Ralf 
Ruth 

Emil Eric 
Gunnar Mary 
Stcn 

Passi\'e Stina 
Morgan 

learners Sunc 

Five pupils in this group can be characterised as passive learners. They 
only talked about their learning as a result of hearing and experiencing 
and did not include any thinking thernselves. Stina explained how she had 
learnt to understand: "It's school and TV and then you look more 
carefully when you are in the woods. Perhaps we talked about it." 
The other ten pupils in this group look upan thernselves as active 
learners. Sorne of thern talked about their thinking about the phenornena 
like Helga: "Then I perhaps remember something and put some details 
together. Linda talked about her earlier understanding and expressions as ' 
a ten-year-olds thinking '. Ellen clairned positive feelings about her 
learning: "Cos when you were a child you didn 't understand that much 
but learnt still more. You didn 't understand anything and were happy to 
learn." Ralf described the developrnent of his thinking in the following 
way: "Perhaps I asked my parents about what is happening. I think I 
went home and asked them. The biology teacher told us a lot and you 
rejlect." The pupils frequently described the irnportance of talking to 
parents as a help to understand. Sorne of them rnentioned other forms of 
activities that they thought had contributed to their understanding. Ruth 
said: "/ think, I was often in the woods ivhen I was younger. There I 
investigated many things together with a class-mate. " Betty described 
how she had cultivated plants during different circumstances. 
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3.2 Recognition of change -A descriptive view 
Fouiieen pupils in the class expressed recognition of change in their 
understanding of the phenomena. Eight pupils in this group had a more 
descriptive than reflective view of learning. They talked more about 
addition of new facts than analysing their thinking. Anders belongs to 
this group of pupils. He was fascinated by the recognition of how he 
described some details about decomposition in the same way as four years 
earlier: "/ said the same toe/ay. /t is still severa/ years later. You don 't 
remember what you said and althouglz it is somewhere 'in the back of 
your head '." Although he found himself use the same expressions as four 
years earlier, he described a change in his thinking about the 
decomposition of leaves on the ground: ''You know more today and think 
i11 a more complicated way. Yoll sort of think more of details. At that time 
you were only thinking that they rot away. Today you think how they rot 
and why. You k11ow a little more today than at that time far example 
about bushes and trees. " 
Mary and Louise said that they had learnt a lot by being out in the natural 
environment. They valued experiences to be an important source of 
knowledge. Mary expressed this in the following way: ''You get more lije 
experiences ali the time. The brain develops ali the time and you are able 
to comprehend and understand more, understand relationships." Mary, 
Eric and Morgan constitute a group of pupils that can be characterised as 
a group of passive learners. They described learning as a result of having 
expenences. 
Tove and Lisa looked upon themselves as more active learners. Tove was 
astonished at the development of her understanding: ''You have 
difficulties in thinking tlwt there is more to be learnt. In some way, you 
think you are fully trained; you think you understand a lot. But when 
people ask certain questions, you realise that there is a lot that you don 't 
know and that there is m¡¡c/z more to learn. " Already at 11 years of age, 
she used cycle explanations when she discussed conditions for life and 
growth in the sealed transparent boxes. As a l 5-year-old, she said: "/ 
walk in the woods, in natl/re. f see what happens. Well, f can see how 
cycles in nature function. " Lisa expressed a descriptive view with some 
reflections. She talked about the irnpotiance of school learning but always 
added that you must think yourself: ''You have testee! sor! of ... . Then you 
have learnt from school and your own thought. You know something else 
a11d how it is. A11d you think a lillle about hoiv it is co11structed. Well, 
about how it ollght to be. " 

3.3 Recognition of change -A reflective view 
Six pupils were able to more deeply analyse and reílect over the ideas that 
they described four years earlier and over the development of their 
understanding. They willingly discussed the reason why they said what 
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they did but their conclusions sometimes ended up in incorrect 
descriptions of the processes. All of them made cornments on their 
earlier use of analogies between a plant and a human being's need for 
resources. 
Both Hanna and Sofía compared a plant ' s germination and developrnent 
with a child's birth and development. Sofía said: ''You can often compare 
them even if the seed hasn 't any human thoughts. You can see yourself 
how you develop. The seed grows too. Jt's like ..... the seed grows and I 
grow. " The pupils continued to use anthropomorphic formulations even 
when they rnade cornments on their earlier descriptions. Osear found it to 
be natural to talk about a plant's eating: "Welf, we as human beings eat 
and become bigger, don 't we. E ven the plants eat and grow, don 't they." 
Sven talked about nutrients as something that he thought necessary for 
both plants and humans. 
When I asked the pupils to describe how they had developed their 
understanding, they emphasised the importance of building upon earlier 
experiences and knowledge. Ali of them described an active and 
constructivist view of the learning process. For them learning could start 
by reading a book, listening to others and catching some words. The 
pupils described how they worked with their impressions. This could be 
expressed in different ways. Hanna described the development of her 
understanding as another way of thinking: "Well, the world grows ali the 
time When I was a child my home was the world. Now the world is Bill 
Clinton in Washington and Boris Jeltsin in Moskow. As an adult you 
learn to think in new trajectories, a little more logical although I prefer to 
be a child. The world isn 't as small as when you were a child. And there 
will be more anxiety." 
Johanna argued that imitation was initially important because you <lid not 
need to understand. Then she started to think for herself and because of 
her curiosity, she picked up what she called 'pieces of knowledge': "At 
that time I only thought about things like piece by piece, but now I have 
put them together." At the end of the interview, she said that the reason 
why she understood the processes better at the age of 15 was that she had 
started to think more for herself. Ali the six students in this group can be 
characterised as active learners. Sofía gave a quite positive picture of her 
learning and of the driving force to learn more: "You actual/y learn far 
the rest of your lije. I didn 't learn in arder to please my parents but I 
learnt far my own interest." 
Annie described her learning partly as an addition of facts but also from a 
more reflective perspective: ''You hear a little, don ' t you. Then you think 
yourself and form an idea." She gave an example of such a process. At 
11 years of age she said that you talk to the plants when you have them 
indoors like her grandmother did. She said as a 15-year-old that the 
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growth had to do with the carbon dioxide and that she only knew that 
plants grow better if you talk to them. 

3.4 Contribution to the development of the understanding 
When I asked the pupils what had contributed to they development of 
their understanding, 24 pupils spontaneously mentioned school, 
preferably secondary school but 6 pupils referred to primary leve!. Even 
if Osear in the interview talked about stimulating discussions with his 
parents, he argued that schooling was of greatest impo1iance for the 
development of his understanding and ended his argument by saying: 
"You think you know eve,ything but you don 't know ali that ..... You go 
to school to learn what you didn 't know what you didn 't know." The 
interviews were carried out in a secondary school. The influence of tha t 
context could be of great importance for the outcome of the interviews. 
11 of the 28 pupils said that looking at the television had been important 
and 12 pupils that talking with parents or other relatives had contributed 
to the development of their understanding. A couple of pupils referred to 
talking to other people like neighbours that had stimulated their interest 
in biological phenomena. Garden activities of different kinds seemed to 
stimulate interest according to I O pupils. More than 75% of the pupils 
could describe concrete experiences, often in detail , that had contributed 
to the development of the their understanding. Severa! episodes dated 
from the ages 5-1 O. Such concrete experiences could have to do with 
events at school but more often with out of school experiences. 
Louise argued that the days she spent at her grandma's summerhouse had 
great impo1iance for her interest in and understanding of processes in 
nature. Helga referred to pre-school experiences when she visited the 
woods together with playmates. 
At 11 years of age, Sofia was asked what will happen with the lea ves o n 
the ground and answered: "From those you burn there 1vill be smoke and 
there can be compost heaps and sort of " She said that the reason why 
she said so could have to do with the experience of a compost they had in 
the garden and the bonfire they had every year at the 30th of April. "We 
had a lot of large trees. And we cut down a couple of them and burnt 
them on a bonfire out on a meadow. " 
When Annie explained from where the soil came, she said with feeling 
that soil also consisted of sand that carne from stones that rot, and were 
ground into sand. At 15 years of age she smiled with recognition and said: 
"This depends on the Jact that we had a summerhouse up there in the 

forest where I saw them hew slone and blast it into pieces. " 
When Anders described the decomposition of the leaves on the ground, 
he always in someway referred to composting and described this process 
in a detailed way. For example, from 9 to 13 years he always mentioned 
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that you could put eggshells on the compost as in the following segments 
of the interviews with Anders. 
Anders at 9y: "Quite a lot of soil comes from leaves. Eggshells ...... Soil 
comes also from cojfee grounds and that sort of thing, it rots and 
becomes soil. " 
Anders 1 ly: "/ think they rot in sorne way and then there is nothing left 
of them. Some people make a heap of the leaves and make campos! and 
they lie there and rot. You put many other things there, you can a/so puf 
eggshel!s and so on the campos! heap. And they stay there and rot in 
sorne way. /t takes a long time, it takes just about four years to get real 
and very nice soil. Those who have campos! heaps move it over ji-om one 
to the other. Then they dig away some soil and spread it out and then 
they move it back so it rots. That's way it works all the time. You usually 
move it out onto your jlowerbeds and that it's very good. /t is a little like 
fertiliser, something like that. " 
Anders at l 3y: "Soil 's made of mainly sticks and grave! and that sort of 
thing. Something e/se that can cl,y and become soi! can be eggshe!!s and 
the sort of things you put on the compost. That becomes soil." 
When Anders heard this he made the following comments immediately 
after he had listened to tape-recorded interview: "When J was younger, 
my neighbour had carried out composting. And J was always there and 
he!ped him with things and sort of Therefore, we were standing there one 
day talking about it and after that J knew that it takes between three and 
four years befare it will be soil." Anders was referring to the visits in the 
neighbour's garden and the discussions there became quite important for 
his interest in and understanding of the biological processes. 
Also in the interviews with Hanna about decomposition of the leaves we 
can follow a characteristic feature in her descriptions. There is one theme 
that persists throughout the years that concerns raining and drying that 
continues to exist even if other perspectives are connected to this core 
idea. 
Hanna at 9y: "Some of them sink down into the mud when it's raining. 
They dry out in some way and shrive! up. Then when they are completely 
dry. /t is enough far it to rain just once more far them to become just 
sma!l bits." 
Hanna at 1 ly: "J think they mou!d away. They will dry out ... then an 
animal is coming, trampling them and they become broken. Jt will 
become small, small pieces and then the real soil is pressing them down 
and they wi!l be a lump and then it is raining and the sun is shining a nd 
it becomes soil. " 
Hanna at 13y: "They dry out and perhaps it rains so that they become 
soft. Then they dry out again. Then in the end they become .. and 
animals start eating them. Then you get soil from it." 
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At the age of 15, Hanna argued with conviction that this description was 
the result of a childhood experience: "We/1, we hada lot of !eaves on our 
ramp. There were two birch trees behind the house. In autumn allll winter 
there were loads of small, ragged leaves. I remember I thought of them 
being green in swnmer. In winter, they always were tiny, ragged and not 
that fi111ny ." The development of Anders' and Hanna ' s understanding 
show that early experiences even experiences outside school can play an 
important role in a child's conceptual development. 

4 Discussion 
Ali the pupils showed great interest in listening to what they had said as 
11-year-olds, but they showed quite different abilities to make comments 
on what they heard from the earlier interviews. Fomieen pupils in the 
class did not recognise changes in their ideas from 11 to 15 years of age 
concerning conditions for life and decomposition in nature. But still 
changes had occu1Ted in sorne cases. The pupils could describe their 
understanding in a way that meant that they had changed their ideas 
compared with what they said in the interviews as 11-year-olds, but they 
did not notice it. 
The pupils often only paid attention to sorne obvious expressions that 
they recognised. Because of their limited metacognitive ability, they were 
in most cases not able to analyse their own knowledge. Sho1iage of basic 
biological knowledge can also have influenced their ability to make 
comments on their understanding. Four of the fourteen pupils who did 
not recognise any change, saw themselves as passive learners. That 
means that they did not describe any activity through which they tried to 
understand the biological processes. 
Among those who recognised an obvious change of their ideas, eight out 
of fou1ieen pupils expressed a descriptive view of change. Five pupils in 
the group characterised themselves as active learners and the other three 
as passive learners. Anders is a typical representative of the group of 
active learners . He was astonished over some common features in his 
ideas as an 11 and 15 year old but also described how his thinking had 
changed. These students described a more additional than reflective view 
of their ideas. These students claimed that they knew more because of 
having more life experiences . 
Margan, Mary and Eric seem to see themselves as passive learners 
according to their description of their own understanding. If we 
investigate how pupils have understood the different processes through 
the years, we will find a quite good description of conditions for life and 
decomposition in nature. Margan is a boy who does not like to talk that 
much. When I asked him why he did not say more about the processes, he 
said: "No, I don 't know. I have perhaps .. . when I didn ' t know something, 
I have never been fond of talking much. " This reminds us that there are 
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pupils that can have higher capacity but for some reason do not like to 
talk about their understanding. 
Ali the six pupils who recognised changes in their understanding from a 
reflective view, saw themselves as active learners. They discussed in a 
constructive way where they had got their ideas from and why they had 
developed as they did. Because of their good metacognitive capacity they 
could to sorne extent analyse the nature and development of their 
learning. Ali six students could also describe concrete examples of 
experiences that had been of great importance for their conceptual 
development. They connected these experiences with a reflection th at 
became fruitful for the development of their thinking. There seem to be 
a link between student's metacognitive view of learning and their ability 
to integrate new perspectives in their thinking. 
When the students listened to what they said about the biological 
phenomena in earlier interviews, they could revea! particular events that 
they had experienced together with other persons, such as parents, 
playmates and neighbours. The participation in such events in childhood 
seems to be of great importance for the development the students' future 
understanding. Severa! of students' conceptions were traced back to social 
situations that had been important to the student's. The student had 
developed their personal biographies through which they saw in the 
world. 
Educational research has been caught between two metaphors: the 
'acquisition metaphor' , representing the cognitive perspective and the 
'participation metaphor', representing the situated perspective (Sfard, 
1998). Sfard claims that the difference between the two perspectives is 
not a matter of differing opinions but rather of participating in different, 
mutually complementing discourses. This argument was recently accepted 
by researchers that a couple of years had been arguing heavily in favor of 
one or other of the two metaphors (Anderson, Greeno, Reder & Simon, 
2000). 
From my point of view learning cannot only be described as a 
participation in a social practice. It is also important to pay attention to 
what goes on in an individual's mind. My study has been carried out from 
both a participation metaphor as well as from an acquisition metaphor 
perspective. I have studied the development of the students' conceptions 
and what could have happened to individual students' thinking. Many 
students could revea! personal reasons for why they said what they did, 
after listening to earlier interviews with them. 
The study that has been described in this paper shows that early 
experiences of different phenomena can play an important role in the 
development of children's conceptual understanding. There are 
possibilities for improving children's understanding of biological 
phenomena by creating an atmosphere that gives them opportunities to 
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investigate and discuss their personal ideas and experiences. It may also 
be important to help students in the early ages to develop an ability to 
reflect on their ideas and on where the ideas come from. These personal 
ideas can then be starting points for teaching. Sofía reflected over the 
nature of her understanding in the following way: ''You come back to the 
same framework all the time. It is still there. There is a way of thinking 
through everything." 
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Abstract 
The teaching of ecology in the agricultura! secondary curricula in France is 
relatively new. The displaying of the curricula has been causing sorne 
problems to the teachers (general frustration and difficulties to motívate their 
pupils). 
In arder to identify the cause of the problems, analysis of curricula , teachers 
conceptions about ecology and the teaching of this discipline were 
performed. Main attention was paid to epistemological aspects. 
The results show that the ecosystem concept is central and strnctures al! the 
teaching-leaming process. On the contrary individuals are never mentioned. 
Additionally, teaching is based on description and definitions resulting very 
abstract and not leading to an understanding of the processes that give rise to 
the patterns. 
Nowadays, however, ecology follows an approach based 011 Darwin's theory 
of evolution . In this approach studies proceed from individuals to 
communities, in a bottom-up sequence, allying classical scientific methods. 
In the light of the history of ecology we think it is necessary to establish a 
good relationship between teaching and the actual "scientific knowledge" 
and find the more effective way of doing so in terrns of the learning process. 
A didactic approach is proposed and its construction presented . The 
implementation of that approach on pupils will be assessed, the parameters 
subjected to evaluation being mentioned. 

1 Introduction 
The teaching of ecology to pupils (15 to 18 years old) taking the secondary 
curricula in schools of the French Ministry of Agriculture started in 1990 
(Baradat-Bouillier-Oudot , 1999). The objective was to give future 
agricultura! professionals a better understanding of the environmental 
framework within which they would be working and a better appreciation of 
environmental questions . This development was stimulated by European 
regulations favouring sustainable agriculture. 



198 Proceedings of the fil Conference of European Researchers in Didactic of Biology. 
September 271h-Octoberl st 2000. Santiago de Compostela {Spain) 

Although well intentioned the curricula are difficult to teach. Teachers are 
frequently frustrated because they found it difficult to moti vate their pupils. 
In order to identify the cause we analysed the curricula, the teachers' 
conceptions about ecology and how the subject is taught. This analysis 
mainly deals with the epistemological aspects. Subsequently an alternative 
didactic approach will be proposed and assessed from the point of view of 
pupils. 
Ecology is a new discipline, which developed rapidly after the word 
"ecology" was coined by Haeckel in 1869. 
During its short history two methods of study have emerged. The ecosystem 
approach: The word ecosystem was created by Tansley (1935) and 
championed by E.P. Odum, for whom it was the corner-stone of ecology. It 
is interesting to note that Tansley was engaged in a dispute over the most 
suitable metaphor for describing succession in plant communities . He 
strongly objected to a philosophical comparison and favoured an analogy 
with physical systems. Later, E.P . Odum tried to convince his academic 
colleagues that ecology was a science based on sound principies, the 
prominent one in his opinion being the ecosystem. As a result of E.P. 
Odum's publications and enthusiasm the description of ecosystems 
dominated ecology for 2 decades. The theory was often developed a 
posteriori to fit the observations and never by hypothesis-falsification, the 
classical scientific method. In addition , in the process of simplifying 
description there was a staggering loss of biological information about 
spec1es. 
The evolutionary approach: This follows from Darwin 's theory of evo! ution. 
The fittest individuals are those that contribute most offspring to future 
generations, that is, selection acts on individuals . Ecology is viewed as the 
scientific study of the interactions that determine the distribution and 
abundance of organisms (Krebs, 1994). In this approach the basic units of 
study are individuals . Characteristics of the individuals are used to 
understand population processes; the later, in turn, to understand community 
issues. This approach was not favoured during the 2 decades when the 
ecosystem approach dominated. It is now widely and successfully applied to 
unravelling ecological problems. The fact that it is based on the theory of 
evolution, using fitness as the measure, means it is possible to compare 
individuals experiencing different living conditions. 
In the ecosystem approach the emphasis is on representing complex 
communities by means of interactions between the components that make up 
the communities. They are described in terms of food webs, trophic levels, 
energy and matter flows (Golley, 1993). In contrast the evolutionary 
approach proceeds from individuals, to communities, i.e., it is a bottom up 
approach rather than the top down approach of the ecosystem approach. 



The 1eachi11g o{eco logi· in 1/ze agric11/111ral secondmy c11rric11/a in Fra11ce .. 

Mag ro, A.: Si11101111ea11x, L.; 1\/amrre. A. & Hemp1i1111e, J.-L. 

199 

lt is interesting to note that two of the most widely used ecology text books 
do not have a chapter specifically devoted to ecosystems (Begon et al., 1996, 
Krebs, 1994). 
Chevallard ( 1991) represents Verret' s notion of didactical transposition 
( 1975) by the following scheme: 

"Scientific knowledge" ➔ "To be taught knowledge" ➔ "Taught knowledge" 

In the light of the history of ecology we wonder if the teaching of ecology 
(the "taught knowledge") evolved at the same pace as the theory (the 
"scientific knowledge"). We think it is necessary to establish a good 
relationship between teaching and the actual "scientific knowledge" and find 
the more effective way of doing so in terms ofthe learning process. 

2 Research Design and Method 
a) Is the teachers knowledge clase to the actual "scientific knO\vledge" (i.e. 
the evolutionary approach)? 
33 Biology - Ecology teachers were asked to answer a questionnaire at the 
beginning of their training (Table 1 ). They were selected at national leve!; 1 O 
were recruited in 1998-1999 and the remaining 23 in 1999-2000. 

Table 1. Questionnaire answered by the 33 Biology- Ecology teachers. 

i. Give a definition of ecology. 

ii. In which arder would you list the following key-words: limits, 
interactions, food chains, ecosystem, population, spatial distribution? 

iii. If the words "individuals" and "communities" were added to the 
previous list where would you insert them? 

iv. Does research in ecology 
O follow a classical scientific methodology, i.e., a question 1s asked, 
hypotheses proposed and tested, and finally accepted or rejected, 
O follow a different methodology? 
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b) In order to determine whether the "to be taught knowledge", represented 
by the institutional curricula, is closely linked to the actual ecological 
theories , two curricu/a were analysed : 

• The Bacca/auréat technologique - gives students the scientific, 
technological and economical backgrounds in a certain field. lt 
opens the way to higher education in that specific domain (Direction 
générale del 'Enseignement et de la Recherche, 1993). 

• The Baccalauréat professionnel - is the training required just prior to 
entering a profession (Direction générale de l 'Enseignement et de la 
Recherche, 1996). 

The objectives and purposes outlined in the forewords as well as the key
words of these curricula were analysed. 
c) To assess the similarity between the content of the lectures given by 
teachers (real curricula) and the institutional curricu/a, 20 in-service 
teachers , from throughout France, were each asked to make a poster 
explaining how they would build a sequence of teaching on ecology. Severa! 
points were then analysed: 
1. When teaching the ecosystem concept do they stay within the concept or 

do they try to study it in terms of its component parts, i.e., starting with 
individuals (Bottom-up approach)? 

2. Is their teaching based on a succession of definitions oran understanding 
of mechanisms? 

3. Do they get the pupils to ask questions and make predictions? 
4. Do they have a STS (Science - technology - society) approach 

(Robottom , 1993), that is , do they teach scientific content and skills in a 
meaningful context of technology and society? 

3 Results 
a) The teachers knowledge of ecology. 
Regarding the definition of ecology (Question i), 85% of the teachers either 
used Haeckel's definition of ecology - "study of the relationships between 
organisms and their environment" - or say "ecology is the study of the 
relationships in an ecosystem". Of those, 61 % add that ecology is a science. 
The remaining 15% confused ecology with environmental protection. 
76% of the teachers listed the key-words (Question ii) in a way that suggests 
they favour a "Bottom-up" approach: they tended to start with populations 
and finish with ecosystems. However 44% of those that initially choose a 
"bottom-up" approach had problems inserting the words "communities" and 
"individuals" into the sequence (Question iii). Although "communities" was 
usually inserted after "populations" ("in a Bottom-up" approach logic), 
"individuals" was inserted in severa! different places, indicating confusion. 
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In addition (Question iv), 61 % of the teachers stated that research in ecology 
was not based on scientific principies, which, for many, contradicted 
responses given to question i, to which they had replied ecology is a science. 
b) The "to be taught knowledge". 
The Baccalauréat technologique: The foreword states that high level 
technicians are trained to be critica!. In the curricula body, the key
objectives are: to became familiar with the notion of biodiversity, ecosystem 
(components, biotic and abiotic factors, interactions, definition and limits), 
energy and matter fluxes, primary and secondary producers, niche, r and K 
strategies, agroecosystems (structure, functioning and dynamics). Time 
allowed for teaching is 89 hours. 
The Baccalauréat professionne/: The foreword emphasises the need to 
understand the underlying mechanisms and acquire methodological 
approaches for solving practica! problems. It is clearly expressed that the 
role of ecology is to help professionals manage environmental systems. The 
key-words of this currículum are: the environment ( components, biotic and 
abiotic factors), ecosystem dynamics (description of the interactions) and the 
role of man in ecosystem transformation. Time allowed for teaching is 75 
hours. 
In both curricula the "ecosystem" is central and individuals are never 
mentioned. There also seems to be a gap between the aims of the 
programmes and what they offer the students: the description of systems 
<loes not necessarily lead to an understanding of the processes that give rise 
to the pattems. 
c) How the teachers proposed to teach ecology 
Most teachers closely followed the institutional curricula. They start with 
the ecosystem concept and individuals are never mentioned. Ali their 
teaching is based on description and definitions. The relevance to technology 
and society is presented at the end of the course and is again descriptive. In 
addition the subjects chosen to illustrate the topics are seldom relevant to 
agricultura! issues. 
Nevertheless, most teachers tried to link their teaching to biological reality. 
Ali teachers regarded field trips as important but what they proposed to teach 
was more appropriate to a course on natural history than ecology. 

4 Discussion 
Teachers at the beginning of their training have a vague notion of what 
ecology is about. They see it as a science that lacks a scientific method. In 
addition their definition of ecology <loes not state that it is a science aiming 
at understanding the patterns of distribution and abundance of organisms. 
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Although their definition of ecology includes the word organisms, they don 't 
know how and when to include them into the concept. The understanding of 
ecosystems, on the other hand, appears to be their ultimate target. 
The teachers proposed courses are very similar to the institutional curricula 
in which the ecosystem concept is central to the teaching - learning process. 
Ecosystems come first in the teaching sequences and then its component 
parts and interactions are successively described. This is the way the 
textbook "Fundamentals ofEcology" (Odum, 1953) is organised. 
"Fundamentals of Ecology" was a revolutionary text: it treated ecology in a 
very concise way and emphasised its supposed principies. It greatly 
influenced ecological research in the 15-20 years following its publication. 
But, the research so stimulated and the concept itself were criticised mainly 
because: 
• The descriptive nature of the studies resulted in severe difficulties when 

handling complexity, 
• It lacked a rigorous scientific methodology, 
• Species and individuals were considered so that biological reality 

disappeared, and finally, 
• lt didn 't consider the role of natural selection in the evolution of 

behaviour and life history, the regulation of populations and the 
organisation of communities. 

The present study shows that the teaching of ecology in the French 
agricultura! curricula can be criticised. If we go back to our representation 
of didactical transposition, we may say the "to be taught knowledge" and the 
"taught knowledge" are based in a "scientific knowledge" which is outdated. 
In conclusion, the "to be taught knowledge" is not changing at the same pace 
as the "scientific knowledge". 
This is not unique to France as in both Portugal and the French-speaking part 
of Belgium the same approach is adopted (Magro and Hemptinne, pers. 
com.). In Italy the curricula also look very similar (Arcá & Caravita, 1998). 
We believe that in this kind of teaching the concepts are divorced from 
reality. The subject lacks meaning. Pupils are concerned about applied 
problems and, as Reiss & Tunnicliffe ( 1999) say, "what is being leamt must 
be of personal meaning to the learner in order to crea te interest'". 
Additionally, this approach <loes not encourage pupils to acquire a 
methodological approach to problems as is recommended in the Biology
Ecology curricula. 
The difficulties expressed by the teachers and the finding that the 
institutional curricula are based on an out of date scientific knowledge, led 
us to look for a different didactic approach. 
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We propose an approach based on the study of individuals, inspired by an 
evolutionary perspective and following a rigorous scientific methodology, as 
used in modern research. 
The approach we propose <loes not change fundamentally the content of 
curricula but demands a reorganisation in the emphasis placed on the 
different concepts. 
Courses should make an appropriate composition of a context so that stimuli 
can be attached to an object / situation and create interest (Krapp, 1992) : 
e.g., field observations, the analysis of an article, watching a film, etc . 
Curricula propase that the influence of human activity on the physical 
environment or on other species should be considered at the end of the 
ecology course. We think this subject would be better dealt with at the 
beginning of the course. This can be justified because pupils asked to state 
their main interests in Biology most frequently give ecology (Evrard et 
al., 1998). These authors relate this to the importance of environmental 
questions in our daily lives . Our choice inscribes itself in the Science
Technology-Society educational initiative (Robottom, 1993). We think this 
will make the subject, as Alsop (1999) says, more " germane, salient and 
palatable". 
Coming back to our situation, a question must be raised. This is an important 
point that is central to the search for understanding. 
The attention is focused on a species, the central character of a story. The 
class is stimulated to look for information about the biology and life history 
of this species in the library, on the internet or on CD roms. If the species is 
available, experiments can be carried out, certain parameters of the species 
life history measured and observation skills developed. We consider this an 
interesting step: a direct contact with living material helps developing the 
affective area of learning and gives a comprehensive grasp of biology, 
structures and processes (Heimerich, 1998). Finally it can be intellectually 
challenging, helping to develop the appropriate scientific methodologies. 
From individuals to populations and thence to communities, the sequence 
proceeds by the establishment of links with other individuals (same species, 
other species) and the environment. At the same time the mechanisms 
resulting in the observed patterns are introduced. 
We do not want to overburden students with knowledge but wish to 
stimulate them to answer basic questions. We believe the learning and 
application of scientific methodologies to solving specific problems will 
enable pupils to address other ecological questions. Teachers may relate the 
acquired knowledge to other problems whenever they think it is relevant or 
interesting. 
Ten teachers will be trained using this approach (the evolutionary, bottom
up approach) and their pupils compared with those of 1 O teachers that will 
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follow a conventional method (Ecosystem approach) . Both groups will be 
asked to teach the same currículum. Evaluation of pupils interest, procedural 
and declarative knowledge and mobilisation of knowledge in professional 
activities will be assessed. 
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Abstract 
In this study, 46 11 th 

- and l ih - graders of German Secondary Schools 
worked with a computer-based learning environment, in which basic 
functions of the nerve cell membrane were demonstrated via illustrations 
with explanatory texts. The aim of the study was to investigate the 
effects of animations and self-regulation on learning gains and 
motivation . Therefore, two versions of the learning environment were 
used, one with animated illustrations and one with still images combined 
with textual descriptions of the dynamic processes. Furthermore the 
learning conditions were varied for high and low self-regulation. In a 
pretest questionnaire the learners' factual knowledge was checked and 
their individual visual and verbal learning preferences as well as their 
motivational attitudes were registered as covariates. After working with 
the computer-based learning environment, students' knowledge gains and 
the motivational effects of the learning environment were checked with 
another guestionnaire. Individual motivational attitudes of the learners 
were significantly correlated with knowledge gains, whereas visual or 
verbal learning preferences had no influence on motivation or learning 
success. lnterestingly, there were tendencies of interactions between 
animations and self-regulation. Results are discussed with special respect 
to the need for an instructional balance of instruction and construction in 
multimedia learning arrangements. 

1 Introduction 
Neural sciences as a subject in biology instruction in schools is of growing 
importance. Reasons for this are the tremendous progresses made in 
research work as well as the strong relations between scientific insights 
into natural phenomena given by this discipline and students every <lay 
life. Examples for this are learning and memory, drugs, emotions and 
brain disorders. In neurobiology, as in allmost every topic of biology 
instruction, there are basic concepts to be understood by the students in 
order to make natural phenomena intellegible to them in terms of 
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scientific explanations. E.g., the generation of the membrane potential is 
substantial for the signa! conduction along the cell membrane of a 
neuron. Thus, knowledge of the membrane potential is essential for the 
understanding of ali higher leve! nervous functions. 
From a didactic point of view teaching this basic principie therefore has a 
central meaning in neurobiology instruction. Knowledge of the main 
structures and ions involved in these processes can be acquired easily by 
most of the students, whereas understanding the generation of the 
dynamic equilibrium of these ions and its changes depends on a deeper 
insight in the dynamic properties of these cellular processes. It seems 
reasonable that this insight can be fostered by computer-based 
animations. 
In this study we examined the effects of learning with computer-based 
animations on students knowledge of the nervous membrane potential as 
a basic concept in neurobiology. We were especially interested in 
motivation both as independant and dependant variable in computer
based learning. Furthermore we investigated possible interactions of 
technical attributes of the learning environment, the instructional 
method and the learners individual differences in attitude and aptitude. 

2 Theoretical Background 
Animations in computer -based learning enviro nments 
In modern educational technology dynamic processes are usually 
visualized by animations, instead of e.g. still images in combination with 
explanatory texts. Animations are supposed to help learners to imagine 
processes properly and thus to be able to build up adequate mental 
representations of causal relations within an investigated system 
(Saloman 1979; Rieber & Ki.ni 1991; Mayer l 997; Lewalter 1997). 
Basically these assumptions largely rely on the dual coding theory of 
Paivio (Clark & Paivio 1991; Paivio 1978). E.g., Mayers generative 
theory of multimedia learning (Mayer 1997) has derived from this. 
According to these theories there are two ways of information processing 
and hence two kinds of mental representation in the cognitive system. In 
the verbal system informations of a sequential structure like written texts 
or spoken words are processed. In the non-verbal system informations 
about room like pictorial stimuli from a picture are processed. A majar 
assumption made by the authors is that connecting these two cognitive 
representations in a proper way should improve learning results. 
The advantage of animations in comparison to still images is attributed 
to the complete representation of a movement or the changing state of 
an object. The unequivocal representation of a dynamic process helps to 
avoid misinterpretations of movement indicators used in still images by 
the learner and allows him to use larger amounts of his cognitive capacity 
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for higher order learning strategies like control of understanding 
(Salomon 1979; Rieber & Kini 1991; Lewalter 1997). 

Visual and verbal learning preferences 
But according to the concept of individual visual and verbal thinking 
habits (Paivio & Harshman 1983) animations will possibly favor visual 
thinking types more than verbal thinking types of learners (Plass, Chun, 
Mayer, & Leutner 1998). Verbal thinking types, however, presumably 
profit more from the textual parts of a multimedia learning environment. 
As the concept of visual versus verbal learning preferences has regained 
attention of researchers recently in the context of multimedia learning 
these individual preferences should be identified in a study on computer
based learning. 

Self-regulation and self-efficacy 
Due to tech.nological progress, many computer-based learning 
environments are designed in a highly interactive manner. Thus, modern 
multimedia learning tools offer the opportunity for self-regulated 
learning which is assumed to be more effective for motivation and 
understanding (Euler 1994; Haack 1995; Schnotz et al. 1998). A 
prerequisite for self-regulated Iearning, however, are motivational 
attitudes of the learner, such as individual concepts of self-efficacy or 
interest (Meece 1994; Pintrich & de Groot 1990). Theories of self
regulated learning (Zimmermann & Schunk 1989) consider cognitive as 
well as motivational aspects of learning processes. From a cognitive and 
metacognitive point of view learners control and actively influence their 
learning activites and their understandig. The motivational element, 
however, determines why und to what extent self-regulation options are 
taken . 
In the present study it was assumed that processes of understanding are 
motivationally supported by so called "expectancy of understanding" and 
"value of understanding". "Expectancy of understaning" is derived from 
Banduras theory of self-efficacy (Bandura 1997) and rneans, whether a 
person believes that she can reach cognitive goals by use of learning 
strategies. "Value of understanding" arises from the personal significance 
of this process and is based on interest, mental effort, and the perception 
of importance and usefulness. Expectancy and value of understanding 
depend on personal as well as situational characteristics. Therefore 
experimental studies, testing learners dispositional motivational traits and 
controlling prope1iies of the learning environment, are the best way to 
register and test the predictive power of presumed motivational bases of 
understanding with respect to acquisition of scientific knowledge. 
At this point in time, decisions on how to design a computer-based 
learning environment are still on a general leve!. Maybe one has to 
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change the learning environment to allow more self-regulated learning or 
to make it more motivating. But to what extend should students be 
allowed to learn in a self-regulated manner? Self-regulation could interfere 
with the kind of media employed in a way that learners profit the most 
from animations or still images only in combination with the appropriate 
amount of self-determination. Furthermore, using multimedia learning 
environments for instruction one has to take into account individual 
learning preferences for visual or verbal learning material. 

3 Objective 
To get a deeper insight into the problems mentioned above we designed 
an experimental study in arder to test the following research questions: 
(a) Does learning from animations support a higher conceptual 
understanding than learning from still images with textual descriptions? 
(b) Do high visualizers improve more if learning with animations as 
compared to low visualizers? ( c) What role plays motivation for factual 
and deeper knowledge acquistion? (d) Do high verbalizers improve more, 
if they learn from still images with verbal descriptions, as compared to 
learning from animations? (e) Does self-regulated learning in a computer
based learning environment prove to be more effective than 
heteronomous learning? (f) Do technical features of the learning 
environment interfere with the instructional method, i.e. high or low 
self-regulation? 

4 Methods 
In this study, 46 1 1 

th 
- and 12'h - graders of German Secondary Schools 

worked with a computer-based learning environment, in which basic 
functions of the nerve cell membrane were demonstrated via illustrations 
with explanatory texts. Basic principies that had to be learned by the 
students were (i) the structure of the nerve cell membrane and its 
constituents, (ii) the kind and relative concentration of different ions 
within and whithout the nerve cell, and (iii) the dynamic interaction of 
membrane porperties and the concentration and current of ions, together 
causing the membrane potential. (Fig.1.) 
The aim of the study was to investigate the effects of animations and 
self-regulation on learning gains and motivation. Therefore, two versions 
of the learning environment were used for two experimental groups of 
students. One group learned with animated illustrations and one with still 
images combined with textual descriptions of the dynamic processes. 
Furthermore the learning conditions were varied for high and low self
regulation. Accordingly, each experimental group was split into halves, 
with one half of the students learning under the condition of high self-
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regulation and the other under the condition of low self-regulation. Thus, 
there were four experimental groups with different treatment 
combinations of animation vs. still images and high vs. low self
regulation (Fig. 2). 

Figure 1. The computer-based learning environment 
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Figure 2. Research design 
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In a pretest questionnaire the learners' factual knowledge was checked 
and their individual visual and verbal learning preferences as well as their 
motivational attitudes - mainly "expectancy of understanding" and "self
efficacy"- were registered as covariates. 
After working with the computer-based learning environment, students • 
knowledge gains were checked and the self-reported motivational effects 
-namely the "value of understanding"- were registered with another 
questionnaire. "Value of understanding" consisted of interest, the mental 
effort necessary for working with the Iearning environment, and the 
perception of its importance and usefulness (significance, value). 

5 Results 

Animations 
In contradiction to our hypotheses there were no main effects of 
animations or registered learning preferences for visual or verbal material 
on learning gain . Likewise the learners of the different groups 
(animations vs . still images) neither did differ in their self-reported 
interest, effort or attention, nor did they differ in their perception of the 
value of the learning programme. On the other hand, the way of 
representation correlated with the personal significance in so far that 
information presented with still images and explanatory texts was 
accounted as more significant than information presented by means of 
animation (p < .O 1 ). 

Self-regulation 
Self-regulation proofed to increase attention for the programme 
(p < .05) , but this was without any consequences for Iearning gain 111 

comparison to the group under a heteronomous learning condition. 

Interactions of animations and self-regulation 
Multivariate analysis of the data yielded no significant interaction of 
animation and self-regulation. Nevertheless, there was at least a tendency 
for this interaction with regard to learning gain and self-reported effort 
(Fig. 3, 4). Students working with the animated version of the learning 
environment needed less mental effort and learned better than the group 
with still images and explanatory texts, but only if they could Iearn under 
the condition of self-regulation. On the other hand, students working 
with still images an explanatory texts felt less mental effort then those 
Iearning with animations, if they belonged to the heteronomous Iearning 
group. 
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Figure 3. Interaction of animation and se lf-regulation with regard to 
learning gai n 
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Motivational effects 
Individual motivational attitudes of the learners were significantly 
correlated with knowledge gains. The coeffícients of correlation were r = 
.41 (p < .O l) for self-efficacy and r = .3 5 (p < .05) for expectancy o f 
understanding. Among the constituents of the value of understanding 
only the individually ascribed usefulness correlated significantly with 
learning gain (r = .36; p < .05). 

6 Conclusions 
In this study, the effects of animations in computer-based learning 
environments with neurobiological topics as a subject-matter were 
examined under various conditions of instruction . The lack of significant 
influences of animations or self-regulation on learning success is not 
sufficient for refusing the critica! role they possibly may play in 
computer-based learning. On the one hand this lack of results could be due 
to methodical reasons. The differences between the various learning 
conditions may have been not pronounced enough. The suggestion to the 
students to use a sample of important pages of the programme for a 
better orientation may be not to far away from the clear instruction to 
make sure to have worked with ali of these pages. Furthermore, the 
number of animated sequences in the animated version of the learning 
programme was limited for reasons of ecological validity: Not a single 
specimen of commercially avai label learning software is purely animated, 
but rather a mixture of animations and still images, and so was our own 
learning programme. Finally the number of students could have been to 
low for more signifanct results. Clearly, twelve persons per learning group 
is not a big sample. 
On the other hand the data analysis yielded tendencies of interaction of 
animation and self-regulation. Students working with the animated 
version of the learning environment needed less mental effort and 
learned better than the group with still images, but only if they could 
learn under the condition of self-regulation. If this result will proof to be 
stable in future studies, it can be regarded as a strong hint for t he 
instructional design of cornputer-based learning arrangements: 
Animations should be combined with learning conditions fostering self
regulation. But what about very complex learning environments, such as 
highly interactive simulations? Severa! authors (Leutner 1993, Peeck 
1993 ; Peeck 1994; Rieber 1990; Fischer & Mandl 1990) mention the 
danger of a cognitive overload and suggest strong instructional support 
for learners in complex Jearning environments. Further research work has 
to be done to check the tendency of interaction reported in this study for 
significance and to gain further insight in the adequate balance of 
instruction and construction in multimedia learning arrangements. 
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In general, the results of the study give further evidence to the 
importance of motivational influences on learning processes. Especially 
self-efficacy, expectancy of understanding and the percieved value of a 
learning environment seem to be of greater importance for learning 
success. 
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Abstract 
The basic assumption of this paper is the understanding that, 
episternologically, scientific knowledge is representational and results 
frorn a modelling activity. Following the work developed on models in 
science and technology (Gilbert, 1997), we will analyse a number of 
teaching models employed by fourteen textbooks from primary to 
seconclary leve! to represent the human circulatory system, using as 
reference the work of Buckley and Boulter ( 1997). For them a model is 
an integrated knowledge of structure, behaviour and mechanism of a 
phenomenon. The general idea was then, to study to what extent 
textbooks representations included the components of the models. W e 
developed a mode of analysing science textbooks representations which 
maintained certain features of the Buckley and Boulter's work. Three 
representational dimensions of the human circulatory system in the 
textbooks were considered: semantic-contextua/ di111ensio11; 
correspondence di111 ension; and abstraer dimension. Within each 
dimensions a set categories were used in other to explore which 
components of the model (structure, behaviour and mechanism) are 
related to. The framework developed in this work grasped three elements 
of the data : the model components, the type of representation used and 
the teaching leve! targetecl. 

1 Introduction 
Analogies have been widely used in ali knowledge fields based upon the 
understanding that, epistemologically, scientific knowledge is 
representational and results from a modelling activity (Franco et al, 
1997). Within the school context they are employed in many different 
ways to facilitate more abstract conceptual understanding. Particularly, in 
the teaching of biological themes analogies represent a basic strategy to 
support the comprehension of related concepts. Glynn, Duit & Thiele, R. 
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(1996) however, point out the limitation of the pedagogical use of 
analogies because they can cause confusion when not utilised properly. 
In this work we are interested in the pedagogical use of analogies from 
the "model based teaching and learning" (MBTL) perspective as 
suggested by the MISTRE 1 group . For that we have taken the definition 
from Johnson-Laird to whom "mental models are structural world 
analogues". Gilbert (1997) also Gilbert et al in Gilbert and Boulter (2000) 
considers a model as "a representation of an idea, an object, an event ar 
a system." It is through models that we come to understand the 
phenomena in the world as we perceive them. Mental models are 
"interna! cognitive representations, used to reason about a phenomena 
and also to describe, explain, predict and sometimes, control a 
phenomena ." (Buckley & Boulter, 1997:3). Gilbert & Boulter (1998) 
present a differentiation of models which includes: mental models, 
expressed models, consensus models and teaching models. The mental 
model that we form in our minds as soon as we "meet" objects, events, 
systems and world processes are not available to others until we express 
them in either concrete or symbolic ways (Buckley & Boulter, 1997). 
Those which scientists accept in their specific scientific areas 
(historically localised) are the scientific consensus models. The models 
which appear in the school currículum are the consensus models used by 
teachers to help students to understand a particular scientific model and 
they are called teaching models (Krapas et al, 1998 prefer to call them 
"pedagogical models '). It has been considered by these studies that in 
order to achieve effective learning, pupils have experience a variety of 
teaching models to understand a certain phenomenon. 
Our focus is on the expressed teaching models used by schools to enhance 
pupil 's understanding of the phenomena and how, potentially, they help 
the construction of mental models. Thus, we want to analyse a number of 
analogical resources2 employed by science textbooks to represent the 
human circulatory system using Buckley and Boulter's (1997) elaboration. 
For them a model is the integrated knowledge of the structure, behaviour 
and mechanism of a phenomenon. In a circulatory system model 
Buckley ( 1995: 1) proposes that: 

"a model of the circulatory 5ystem begins with the structure of the 
circulatory system, ie the heart, blood vessels, and blood. A working 
model expands on the anatomy to include dynamic behaviour such 
as the heart pumping blood, blood vessels conducting blood, and 
blood carrying cells and chemicals. Together the structures and their 
behaviour accomplish the global function of the circulatory system 
of carrying cells and chemicals throughout the body". 

In the Brazilian literature, textbooks are regarded to be the most used 
teaching resource and indeed, guide teacher's work at school (Pretto, 
1987; Fracalanza, 1989; Reznik, 1995; Selles & Ayres, 1998, among 
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severa!). Therefore, we have identifíed the teaching models (analogical 
resources) employed in fourteen textbooks, most commonly used in Rio 
de Janeiro schools, from primary to secondary level3 to represent the 
circulatory system. 

2 Methodology 
The general idea of this work was to study to what extent textbook 
representations included the components of models according to that 
developed by Buckley and Boulter ( 1997). ln their work they proposed 
that structure refers to the nature of the components of the 
phenomenon and their spatial relationship; behaviour is related to 
changes that occur with time; and mechanism indicates the causes of that 
behaviour. These components are not mutually exclusive; they tend to be 
interactive in the sense that mechanism, in general, explains the 
structure and behaviour. It is also important to point out that the causes 
considered here are, as defined by Mayr ( 1982), proximate causes (in 
opposition to 11/timate or evolutionary causes). 
In the case of the human circulatory system, in the structure we have the 
anatomical elements. We consider behaviour as blood movement, 
transpon of cells and chemicals, the heart beating (systole and diastole) 
and the dynamics of the blood cells in action. In ali these cases we 
observe that the circulatory system behaviour represents the systemic 
functioning as a whole, in which modifications occur within a considered 
time span. On the other hand, we can take as 111echa11ism a group of 
factors such as the physical or biochemical which, together, sustain the 
functioning of the whole system. Thus, it is possible to say that the 
following are examples of mechanisms of the circu latory system: i) the 
cardiac muscle contraction; ii) the sinuatrial (SA) node action that is 
responsible for the heart nervous impulses; iii) the contraction of blood 
vessels and its valves; iv) the osmotic and hydrostatic pressure on the 
blood capillary. 
We have created a set of categories to analyse the data, derived from the 
work of Buckley and Boulter (1997) who built a framework to analyse 
three kinds of representations of phenomenon from different sources (an 
interactive multimedia resource, a book illustration of greenhouse effect 
and a 3D concrete model of solar system). They have used an analytical 
framework created by typographers to make sense of graphic images. 
Particularly, they have chosen what Goldmith (l 984) used to examine 
the common value of illustration and problems in interpretation, which 
included semiotic levels and visual factors . For the purpose of this work 
we developed a simpler mode of analysing textbooks representations 
which maintained certain features of the Buckley and Boulter's work. 
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In our analytical framework we considered different dimensions of the 
analogical resource employed in terms of how, potentially, it would 
facilitate pupil's understanding of the aspects of the phenomena. In other 
words, which meaning could pupils take from the representations 
expressed in the book. Within each dimension a set categories were used 
in arder to check which components of the rnodel (structure, behaviour 
and mechanism) are present. The whole data were considered within two 
domains: i) a non-scientific domain (representations which make use of 
everyday elements, closer to common sense); ii) scientific domain 
(representations direct ly related to science contents) . The three 
representational dimensions were considered as: a semantic-contextua/ 
dimension a correspondence dimension ; and an abstrae! dimension. The 
former has been considered as a non-scienufc do111ai11 and the two other 
ones were included in the scientiflc domai11. We looked in both texts and 
illustrations in the books ana lysed, selecting examples to match the 
categories. For each example selected we identified which components o f 
the model were represented. 

3 Categories employed 
The set of categories developed are the following: 
a) Semantic-contextual dimension: This dimension is related to ali 
kinds of representations using linguistic expressions (such as the heart is 
a pump or the heart is about the same size of a fist etc.), quantitative 
data coming from the study of the phenomena which helps to understand 
how it functions (such as heart beating, blood pressure etc.) or, objects 
from the everyday life (such as cartoons of anthropomorphic blood cells 
carrying oxygen shown in figure l and figure 2). 

Fig 1. The red cells transport oxygen from lungs to 
tissues and carbon diox,de from ti ssues to lungs. 

(Book 10) 

Fig 2. The white cells attack the microbes which invade 
our organism. They do fagocytosis or they prcduce 
antibodies. They are ou r body defence sold,ers. 

[Book 10] 
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b) Correspondence dimension: We included in this group the 
representations which show a leve! of correspondence with 'reality' (in 
this case, the tangible human body). The main features of correspondence 
are both the structural parts immediately identifiable and ways of 
representing behaviour or mechanism with more proximity with ordinary 
facts easily observed by people (for instance, a blood pressure being taken 
fig. 4). The representations used by textbooks, in this case, include the 
use of drawings, photographs, microscopic images or the ones taken 
.fiwn endoscopy etc. [ figures 3 and 4] 

Fig 3. [Book 4] Fig 4. Red cells ms1de an anery. [Book 9) 

e) Abstract dimension: In this category we included representations 
using structural body elements which have been simplified so that, the 
relationship with 'reality' is hardly observed or even not observed at ali. 
So, in this group are included schemes and diagrams. The distinction we 
made between them is, basically, that the forrner relates to· a distan! 
association with 'reality', showing a kind of combination of anatomical 
structures (poorly represented), no spatial references (a viewer has to 
guess what is a lung or what is a liver) , but it makes use of an-ows to 
show, mainly, behaviour or mechanisrn. On the other hand, diagrams oo 
not show any relationship with 'reality'; they are just abstract formulation 
of the behaviour or mechanism of the phenomena represented. [ figures 5, 
6 and 7] 



222 Proceedings o(the /11 Co11/ere11ce o(European Researchers in Didactic q(Biolog_1·. 
September 27th-Octoberlst 20()()_ Santiago de Compostela (Spain) 

arterial 
capillary end 

blood 
flow 

-.., 

.. 
.,, water, glucosa 

and Oxygen 

venous 
., ~ capillary end 

water, COi 
and waste 
products 

head cap1llar1es--

upper vena Ca\•a 

lung cap1llaries 

pu lmona·y 
artery 

right 
pulmonary 
vein 

111.ier 
cap1lla ries 

lower 
vena cava 

inlensl1 ne 
cap1 laries 

k1dney / 
capilla ries 

kodney / 
artenes 
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Fig 6. A more deta1led scheme of the human circulatory system. 

blood and 11ssues Pressure unrty mm Hg. [Book 13) [Book 13] 

HEART 

VEIN ARTERY 

ORGAN 

Fig 7 . [Book 6) 

4 Findings 
The framework developed in this work dealt with three elements of the 
data: the model components, the type of representation used and the 
teaching leve! targeted. This methodological approach gives us a measure 
of how appropriate is the representation for teaching purposes. 
The Table 1 shows examples of the three categories in the textbook 
representations and the relationship with components of the model (as 
proposed by Boulter and Buckley) according to the school leve!. 
Linguistic expressions are underlined. 
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Table l. 

Group I 
I ' a 4" 
ycars 

Group 11 
s· a 8' 
years 

Group III 
Uppcr 

secondary 

Examples of the 
representations 

Scmantic-contcxtual 
Dimension 

S1ruct11re: 
"Arteries are tubes that take 
blood fro111 the hcart to the 
rest of the body" (L6, p. 77) 

Behaviour 
"The heart works as a 
llliillJ1. lt pu111ps blood to the 
body through the blood 
vesscls" (L4, p.58) 

Mechanism: 
r abscnt l 
Str11ct11re: 

"the hcart is approximatcly 
the s izc of a c losed fist size 
and it is hollowed (L8, p.95) 

Beha1•io11r: 
"arterial blood pressure 
co111pared to the water 
pressure in a garden 
n.iJle'..'.(L.8, p.99) 
heart valves compared to 
baos which open like a 
parachutes when blood tries 
to co111e back.(L. 11, p.111) 

Mecha11is111 : 
blood cells represented 
using anthropo111orphic 
i111ages: red cells 'carrving 
Oxygen' or ' lymphocytes 
attaching a bacterium" 
/ L. I I n.1 19-n.120) 
S1r11clllre:: 
" blood cells go in a queue 
line (one by onc) at 
capillary levcl". (L 11, 
p.24 1) 

Behal'io11r: 
" Blood pressurc is less 
stronger in the veins 
because it has bccn filtercd 
by the capillary net" Or In 
the arteries the blood 
progresses by hiccups by 
heart contraction rhythm" 
(LI 1, p.239) 

Mechanism: 
"Thus, plasma and 
leukocytes nin away or 
lies.e!Lfrom the blood stream 
and go to the tissues." (LI 1, 
o.245) 

three categories 

Corrcspondence 
Dimension 

S1ruc111re: 
drawing illustration of the 
heart showing the aorta 
stick and the coronaries" 
(L6, p. 77) 

Behavio11r: 
[absent] 

Mecha11is111: 
íabsentl 
Struct11re: 
microphotography of a red 
cell within an artcry 
(without scale) (L.9, p.85) 

Behavio11r: 
[absent] 

Mecha11is111: 
[absent) 

S1ruc111re: 
lens photography of 
lymphatic vessel val ve 
showing 111agnification". 
(L. I 1, p.246) 

Behal'iour: 
measuring blood pressure 
illustration (L 12, p.367) 

Mec!ta11is111: 
[absent) 
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m the textbook 

Abstract Dimcnsion 

S1ruct11re: 
scheme of the heart with 
cavitics and main vesse ls 
(L2, p.117) 

Behavio11r: 
activity requiring the pupils 
to indicate the passagc of 
the blood in the body (L. 1, 
p.46) 

Mechanism: 
íabsentl 
S1r11c1ure: 
schemc of comparative 
blood vessels (including 
capillary) comparative 
(L.7, p.91) 

Behaviour: 
scheme of the hcart 
indicating flux (L.7, p.92) 

M eclw11is111: 
a general schemc presenting 
changes between lymphatic 
and circulatory systems 
(L.8, p. l 00) 

S1r11c111re: 
scheme of the whole 
circulatory system st ressing 
the arteria l and venous 
blood indicating lhe smal l 
and largc circulation 
(colours were used) L.13 , 
p.319) 

Belwl'iour: 
sche111e of vein val ves 
functioning (L.13, p.320) 

Mecha11is111: 
synthetic scheme of 
substance interchanges in 
the arteries and both the 
blood pressure and osmotic 
oressure (L 13 o.320) 
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A first attempt to analyse the textbook representations showed that the 
semantic-contextual dimension and correspondence dimension were 
predominant in ali school levels. Anatomical structures of the circulatory 
system were more frequent too4

. At the begitming of the work we made 
the assumption that as the school leve! progresses we would find in the 
books more abstract levels represented and, therefore, the components 
such as behaviour or mechanism would be more numerous. lndeed, 
representations of the mechanism of the circulatory system were seldom 
shown in first year books. However, when quantified, the number of 
abstract dimensions did not in crease proportionally. In the upper 
secondary groups we found less abstract levels than in the intermediate 
group (group 11). For instance, in group I we found no textbook 
representations of mechanisms at ali ; in group II there were six; and in 
group III, there were only five. 
The Table 2 shows the number of categories employed re lated to the 
mental models components, according to the school leve!: 

Table 2 - Number of th e categories emp/oyed re/a ted to the models co111po11e11ts 

M ental M odels 
components Group 1 Group 11 Group 111 
(Buckley & (Years 1-4) (Y cars 5-8) (Upper secondary) 

Boulter, 199 7) 

- g. ix i >< g. ~E ~ 
" ~ ~ E t t - " t ~ "' - "' -~ 5 t := e 
o ..o u o o ..o <½8 o ..o 

v, U u -< v, U u <( u <( 

STRUCTURE 4 8 3 16 11 29 5 9 25 

BEH A VIOUR 4 - 6 16 - 29 10 2 14 

M ECHA NlSM - - - 3 - 3 - - 5 

5 Discussio n 
The systemic principie of the human blood circulation is a group of 
physiological phenomena which occur at different organizational levels 
within the organism and they rely upon the relationships among severa! 
anatomical structures undertaking certain functions. In this sense the 
systemic dynamics of the human body can be understood by the 
explanation that the blood circulatory system depends on the funct ioning 
of the severa! other systems related to it as well as to the different levels 
of organisation within the system. These systems perform different 
functions whose interconnections produce, in their turn, a chain of 
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relationships that maintain the life of the organism. The idea underlined 
here is that the understanding of the blood circulation requires an organic 
view as suppo1ied by modern biologists to explain life processes (see, for 
example Mayr, 1998). 
It is impo1iant to stress that this research study tries to look at the group 
of blood circulatory phenomenon from their educational representations. 
Thus, any analytical category aims to study the representational 
suitability to the educational context, and takes the phenomena as a 
reference but differs from it. In taking into account the phenomena, it 
has to be considered according to the scientific consensus model which 
implies that this phenomena previously received an interpretative 
treatment. It is from this perspective that we tried to analyse whether 
the analogical resource represented in the textbooks, potentially enables 
pupils to accurately grasp the scientific meaning. We have to show the 
boundaries between different dimensions of the phenomenon and the 
different attempts to represent it for educational means, 111 other to 
clarify the investigative approach and its methodology. 
In using these analytical categories for research, we have to take the 
model components not as isolated elements, but maintain the 
interactivity, since by doing so, \.Ve preserve the systemic identity. In 
other words, structure, behaviour and mechanism are indeed, considered 
as integrated knowledge. Thus, when we take the heart beating as 
behaviour it is seen within a ce1iain organisation level. It is also possible 
to consider this example as mechanism it we say that heart beating is also 
responsible for the specific function of making blood circulate 
throughout the body. In other words, according to the leve] of 
organisation considered, a behaviour can explain the next level upwards 
and so on. 
The most common pedagogical approach to teaching the human body 
contents seems to begin with the macroscopic level, preferably with 
organs taken in isolation from the systems. This approach is not always 
successful to grasping the systemic dimension, or, in other words, this 
educational strategy reinforces a fragmentary notion of the way the body 
functions. The other systems are introduced to pupils as units or sub
systems which merely have organs. Within this reducionistic perspective 
it is hard for pupils to understand the severa! relationships which connect 
the human body and its environment. There are sorne studies that point 
out the weakness of such approaches (Ramadas & Nair, 1996; Nuñez & 
Bannet, 1996). The analogies employed in textbooks, mainly the ones 
which make use of 2D images, follow this pattern and in this sense, we 
recognise that they do not always work for pupils. 
Kearsey and Turner (1999:93) examining the usefulness of figures in 
biology textbooks point out "that for illustrations to have a beneficia! 
ejfect, there should be references to them in the accompanying text" . 
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They mentían that it is necessary to help students to develop an "ability 
to read pictures" which has been described as "visual !iteracy" 
(Goldsmith, 1984 and Kress & van Leewen, 1990). Moreover, "students 
need to be taught about this grammar of scientific graphic illlustration 
along with picture-scanning strategies, including means of interpreta/ion, 
1f they are to use textbooks to support their learning ejfectively ". Péres de 
Eulate, Llorente and Andrieu ( 1999) and Pérez de Eulate and Llorent 
(1998: 49) have reached similar conclusions when analysing biology 
images in textbooks. They stress that the image can teach little if 
students do not connect the text explanations to the images, regardless 
their adequacy: " ... we should not Jorge! that the mere presence of 
adequate images do not guarantee a better learning, since that there are 
multiple factors which interfere in this process." 
In our work we found that a great number of figures used as analogies 
belonged to the correspondence and abstrae! dimensions and the 
representation showed, mainly, the physical components of the 
circulatory system. Therefore, in arder to help students to build their 
mental models, as an integrated knowledge, the analogical resources in 
textbooks need to be well related to the text, especially when figures are 
employed. It is agreed that the teaching-learning process goes beyond the 
use of textbooks and that personal variables, Iinguistic interactions in the 
school environment and outside it, have great influence in the way 
students build their models. However, if analogy is to be employed in 
textbooks as a fruitful too! to help pupils to understand phenomenon, 
special care needs to be taken. 

6 Conclusion 
If we take for granted that models are an integrated knowledge which 
includes the three components; and that in the Brazilian context, 
textbook representations are most powerful tools both for teachers and 
for the pupils teaching-learning process; we understand that in arder to 
help pupils to build them, the teaching models should be as complete as 
possible. From the data analysed, we conclude that textbooks, alongside 
schooling, inform pupils more about the structure of the circulatory 
system than about how it works and which mechanisms make it do so. 
We recognise that both behaviour and causal mechanisms are difficult to 
represent in a 2D illustration (Buckley & Boulter, 1997). Therefore, if 
we think about the relevance of this biological tapie and its implication 
for everyday Iife, the absence of more abstract component in the 
teaching model employed in the textbooks is a matter of concern. The 
need to develop a pictorial language in textbook illustrations in arder to 
achieve more abstract levels of the phenomenon seems to be needed. 
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1 Models in Science and Technology Research in Education 
2 In this text we used analogical resource and teaching model 
interchangeably. For that we mean the expressed model used by 
textbooks for teaching purpose. 
3 Each book was identified from Bl to B14. According to the Brazilian 
educational system the books belonged to three school levels: group 1 
(years 1-4) - Bl to B6; group II (years 5-8) - B7 to BlO; group III 
~upper secondary or the three last school years) - Bll to B14. 

The total amount of representations identified, in all levels were: 111 
structure, 63 behaviour and 1 7 mechanism. 
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ROLE PLA YING IN SCIENCE: A TOOL FOR A NONVIOLENT 
APPROACH TO ENVIRONMENT AL CONFLICTS 

Laura Colucci , Elena Camino & Anna Perazzone 
University ofTorino, Italy 

The ernergence of biophysical limits to economic growth 
undermines "the famous metaphor of the growing cake that offers 
larger pieces far eve,y one without imposing smaller pieces to 
anybody ". Sachs (1999) argues that "it derives its attraction from 
the promise to ac/1ie1·e justice without redistribution ". 

1 Introduction 
We share many authors' idea that "the essence of scientific thinking is the 
ability to examine problems from different perspectives, and seek 
explanations of natural and social phenornena and processes, constantly 
submitted to critica! analysis" (AA.VV, 1999). 
Critica! and free thinking - which is essential in a democratic and peaceful 
world - requires that people have access to information and data: to 
academic as well as to traditional and local world views, to scientific 
knowledge intertwined with economics, ethics, philosophy. Thanks to a 
scientific education which promotes an active and responsible citizenship 
(Aikenhead , 1997; Hodson, 1993), people should become aware of the 
increasing interdependence within the global life-support systems and of the 
interconnectedness between the ecological rnanagement and equity problems 
(Gadgil & Guha, 1995). 
Our research stems from a long lasting interest for role-plays as educational 
too Is (Camino & Calcagno, 1995; Colucci & Camino, 1999). Our working 
hypothesis is that role-plays are a powerful too! to cope with complexity and 
interdependence, and to help students to think in terrns of ecological 
sustainability. 
In our previous researches (Forneris, 1998; Colucci, 1998) we found that 
students met with difficulties in assuming active roles within the classroom, 
in selecting information, in managing the decision process and the 
risk/benefits analysis . 
On their side teachers - accustorned to more traditional methods of teaching 
- tried hard to assess students in the new teaching/leaming context. 
Taking the opportunity of a new role-play that we recently published 
(Colucci & Camino, 2000), we have decided to go deeper into sorne aspects 
ofthis methodology, and we have focussed our attention on: 
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- How participants behave when they are asked to take a stand about a 
controversia! environmental issue: how they search data and assess their 
pertinence and reliability, how they organise information from various 
sources and from different subjects. 
- How they deal with the strategies for the resolution of conflicts: the degree 
of competition, co-operation, empathy within and among groups, the use of 
argumentation (Newton, 1999) in supporting the various points of view, the 
creativity in searching 'positive' soluti ons, the ability to listen at others' 
reasons and to put oneselfin other people's (or other living beings ... ) shoes. 

2 The topic 
The new role-play set up by the Authors (Colucci & Camino, 2000) deals 
with the global environrnental and social issue of the production of shrimps 
in aquaculture ponds (FAO, 1999; P.S.B.R. James, 1999). Sorne of the 
materials used during the introduction session can be found in Appendix 
land 2. 
This activity spread massively - during the last ten years - along the coasts 
of many tropical countries. Promoted and funded by International 
lnstitutions (FAO, IMF, WB) in order to improve proteins' input in the diet, 
to offer new opportunities of employment, to raise the economies of 
developing countries, this activity has also produced widespread damages to 
the coastal ecosystems, and has weakened the subsistence economy of local 
populations (AA.VV. 1998). 
In the previous role plays two groups ('pros' and 'cons') after having 
collected information and documents about the problem, discuss in front of a 
third group of 'decision makers' , who have to choice one of the alternative 
positions after evaluating costs and benefits. In the new role-play a further 
decision -making situation is offered: a round table where ali the participants 
cooperate to reach a positive outcome by applying 11011-violent strategies to 
solve the conflict. 

3 The matcrials 
The role-play textbook includes the rules of the game, the cards of roles, the 
materials for the group work. In addition to it a wide selection of documents 
on scientific and technological aspects of the problem is included, with 
descriptions of the socio - cultural context, and severa! information related 
to economical aspects and the current conflict. (Sorne of the materials used 
during the game can be found in the Appendix 3and 4). 
As regards biological knowledge players have to master knowledge in 
ecology, zoology, botany, in order to understand science-related situations 
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occurring in the real world. For example, players are required to investigate 
food chains and ecological webs within the context of the global trade, as 
well as within the local scenery of the mangrove shrub. They have to <leal 
with nutritional tables , with water-induced illness; they are required to 
evaluate the time extent of biological processes and of the consequences of 
human intervention. 

4 The methodology 
In this first stage we followed the Action - Research approach (Elliott,1993; 
Feldman, 1994, Sauvé , 1994), according to the typical sequence of 
reflection, planning, action and observation, which is repeated cyclically and 
allows to carry on the research along a spiral process (Dodman, 1998). 
Activities were planned by researchers , who acted then during the game 
sessions as conductors and facilitators . 
Our objective - in this stage of the research - was to investigate in which 
conditions players felt most confident to seize the learning opportunities 
offered by the role play. We focused our attention on skills in handling 
information, ability to sustain the role, insight of the understanding of the 
extent and complexity ofthe controversy. 
We worked so far in three experimental contexts : a group of university 
students of the 4th year of the degree in Natural Sciences (G 1; n= 17), a 
group of secondary school teachers (G2; n=9), and a 'mixed group' of 
people interested in environmental education (G3 ; n= 15). 
With each group the game session was introduced through the presentation 
of the local and global scenario of the controversy e by sorne methodological 
information. 
At the end of the game participants - guided by the researchers - were 
involved in the Risks/Benefits analysis ofthe two altemative solutions. 
The amount and variety of documents available to players was modified at 
the end of each Action-Research cycle, according to the conclusions drawn 
from observation and reflection. 

5 Data collection 
Sorne data were collected in written fom1 : 
Reports of the group's activity . Each group received two worksheets: in one 
they were asked to write down a report of the activity by the group. In the 
second one they had to make a list of 'strong & weak' aspects ofthe group's 
strategy, in arder to facilitate the co-ordination among roles and to find out 
the critica! aspects ofthe controversy. 
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Debate. The debate was recorded and transcript in order to analyse groups' 
strategies during the presentation in front of the decision - makers. 
Immediate perception. As soon as the debate ended up, participants were 
asked to write down the feelings they had during the simulation. This 
activity aimed to put forward the emotional involvement, the assumption of 
responsibility, the degree of empathy, the dynamics of interpersonal 
relations. 
Final evaluation. After the conclusion of the experience, participants were 
involved in a further activity: they were asked to point out learning 
opportunities, development of new attitudes and abilities they eventually 
ascribed to the activity. 
Some more data were collected by the researchers in the form of personal 
notes recorded during the activities, then used in the reflection phase of 
Action-Research. 

6 Results 
The data collected were ordered and grouped according to the scheme of 
Table 1. Data consist of single sentences or argumentative sequences that 
participants wrote on the worksheets or pronounced during the debate. 
Quantitative and qualitative analysis of these data allowed us to detect some 
of the difficulties that participants met during the game, and helped us to 
assess the effectiveness of the strategies we gradually introduced in the 
experimental setting. 

Table l . 

Topic 

Handling information (Dodman, 2000) 

Types of strategy (Galtung, 1996; Johnson & Johnson, 1989; Kolstoc, 2000) 

Personal involvement (Thomashow, 1996; Pontara, 1996) 

Attitudes (Naylor & McMurdo, 1990; Hicks, 1994 & 1996) 

6.1 Quantitative analysis: a global view 
By comparing the course of the argumentative sequences in the three 
experimental situations we could draw some general observations, which we 
report in the following paragraphs. 
First of ali, we designed a map in which the different groups' strategies 
- used in each of the three different contexts- are represented. On this map it 
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is possible to recognise different types of argumentation paths: from single 
and isolated elements of discussion referred to the local scenario up to 
complete argumentative sequences in which interdisciplinary conceptual 
tools are used and the global scenario is taken into account. 
As it is summarised in the chart below (Fig. 1 ), group G3 was a ble to extend 
the discussion from the specific problem of aquaculture ponds to the global 
scenario and to assume a critica! position about the role of science and 
technology in solving global problems. 
In the 'immediate perception' reports the three groups emphasise different 
elements of cognitive learning (Fig.2) : G 1 feels to have learned notions; G2 
appreciates the acquired competencies in searching data , G3 underlines the 
complexity ofthe problem. 

Figure l. 
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- confidence in technological solutions 
~coherence with the role 
- ,l - global context, awareness of risks 
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■ discip linary knowledge 

l!l competences in searching 
data 

Dawareness of complexity 
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The three groups express also a different degree of emotional involvement. 
Students (G 1) put out their difficulties in 'assuming the role'. Teachers 
comment on the simulation as a good opportunity to acquire a deeper 
knowledge, while the emotional participation is higher within the third group 
(G3), where people still feel involved in the role after the end of the 
simulation. 
In the final evaluation G3 offers the highest number of sentences, as regards 
each of the considered arguments. Only G3 explicitly suggest the need of 
creative solutions and of a co-operative attitude. 

6.2 Analytical aspects: qualitative data 
Specific remarks and comments of the participants gave us some cues on the 
difficulties met during the role-play, so that we were able to modify game 
conditions and assess their effectiveness during the following cycle of 
Action-Research. 
We describe here sorne of the obstacles that we have identified, and the 
changes we introduced to support participants' effort. 

A) The problem is complex 
In order to handle the problem players have to master basic scientific 
knowledge more than specialised disciplinary knowledge. Bases in ecology, 
physiology, geology is required. Moreover it is important a system approach 
in arder to grasp ecological process and interdependencies and to appreciate 
space and time dimensions of phenomena. 
With the first group researchers observed that players have difficulty in 
selecting relevant information and in connecting various disciplinary points 
of view .. The argumentation is often superficial and fragmented . Awareness 
of the interdependence of ecological processes and of the biosphere's limits 
is lacking 
"As regards polluting wastes of course they must be eliminated [ ... } 
dumping them far example, or iso/ating them from the externa! environment 
and then move where chemical and biological treatmentfollows ... " 
As much as difficult it is to recognise extent and dimensions of risks 
(particularly long - tem1 risks) of human interventions on ecosystems: 
"Each aquacu/ture system must be equipped with water softener, and every 
5 years the firm must attend to the treatment of its wastes and to make sure 
that the ground and stratums are restored .. . " 
Players easily tend to delegate to 'experts' the burden of searching for 
solutions: 
"There are scientists who have seen that those aquaculture systems are well 
designed: there are air and water chemical treatments, which make them 
total/y saje ... " 
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With G2 and G3 we introduced the idea of a systemic approach to the planet 
(Clayton & Radcliffe, 1996), and we offered an example of other 'local' 
situations with intensive shrimp pond (Hawaii). Moreover we supplied 
evidence of the contribution of local knowledge in dealing with 
environmental problems. 

B) Controversy is simulated, but the conjlict is real 
In Southern India the controversy on shrimp ponds gave rise to a conflict 
which assumed the form of a nonviolent protest by the local villagers. 
Therefore sorne of the players are requested to assume principies and ideas 
of a very different tradition (i.e. Gandhian ideals), and to manage the R/B 
analysis not only in terms of a win/ lose model, but also according a win/win 
hypothesis, in search of a solution fulfilling both parties. 
During the first cycle players showed difficulties to put themselves in other 
people 's shoes. Moreover they hardly managed the chances offered by the 
socio-economic view based on values (equity, simplicity, frugality) quite far 
from the western ones. They lacked confidence in the possibility to modify 
an ongoing process, which looks the non-violent proposal appeared to them 
as utopistic and inapplicable: 
" .. .lt would not make sen se to elimina te everything now, India 1vill fa!/ into 
pieces and moreover it holds already so many debts that ,ve cannot imagine 
ivhar will be if we had to give up everything now ... " 
In order to help players to become more involved in their role, we showed 
slides and videos on village life in rural India and on the protagonists of the 
nonviolent protest. 
The R/B analysis was modified, from a scheme with two alternative 
solutions (Table 2), to a new one based on the search of shared needs (Table 
3). 

C) Taking responsibility 
The controversy on shrimp aquaculture - besides Indian villagers - involves 
also northern consumers who can affect the market with their decisions. 
Players of the first group did not consider themselves as part of a global 
ecosystem, nor did they take into account the biophysical limits of the 
planet. Technological solutions based on the model of unlimited growth did 
not stir up opposition (Sachs, 1999). The reflection on equity was absent 
(Gadgil & Cuba, 1995). 
With the 2nd and the 3rd group the links between production and 
consumption of shrimps at the global level were openly mentioned, and the 
interdependence between North and South was illustrated with 
documentaries (Norberg-Hodge H.). 
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Table 2. 

Pro - shrimps Against- shrimps 

Costs benefits costs benefits 

Table 3. 

Pro - shrimps Against-shrimps 

Worldviews lnterests Needs* Needs* lnterests Worldviews 

(*) In the sense of Gandhi: "on the Earth there is enough for the needs of ali, not 
for everyone 's wants ". 

Table 4. 

Topic Levels 

1 2 3 

Handling M ulti-disciplinarity lnter-discipl inarity Trans-disciplinarity 
information 

Types of No collaboration Col laboration Co-operation 
strategy 

Personal Individual Team Empathy/compassion 
involvement 

Attitudes Conservation Recourse to past Futures vision 

Table 5. 

Handling Types of Personal Attitudes 
information strategy involvement 

Gl 2 2 2 

G2 2 2 

G3 3 3 3 3 
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From a global view of the experimental data, for each of the tapies we have 
discerned three levels, according to an increasing degree of complexity 
(Table 4). 
On the base of this scheme we ranked the performance of the three groups. 
The results are summarised in Table 5. 

7 Conclusions 
Even if they are supported with adequate information on the scientific, 
economical and ethical aspects of an environmental problem, and even if 
they receive detailed instructions about how to prepare and handle the 
controversy , the participants to the role- play usually do not succeed in 
carrying out the activity with fulfilment. 
Our previous investigations had already thrown light on sorne critica! 
aspects. Fragmented and incoherent patterns of information, individualistic 
attitudes during the collective activities, a vision of the environment as a sum 
of separate and isolated parts, lack of awareness of time and space 
dimensions during risk analysis and decision making process were identified 
as obstacles to the role-play activity. 
Thanks to the three cycles of Action Research that we have described here, 
we collected evidence on the causes of such critica! aspects, and - by 
modifying the experimental setting of the simulation - we assessed whether 
the participants felt more comfortable in handling data and in collaborating 
within groups. 
We found that participants improve their perfonnance when they are assisted 
in developing awareness of interconnection and interdependence: 

• in handling knowledge, 
• in dealing with other people, 
• In the experience of the Selfrelated to the biosphere. 

Most of the conceptual tools which are effective in developing such 
awareness arise from the biological domain, and can be summarised as an 
ecological systems thinking, a perception of self as part of a larger system, a 
knowledge of the biophysical limits of the biosphere. 
These considerations throw light on the relevance and responsibility of 
Biology education for the development of aware and responsible citizens in a 
sustainable society (Orr, 1992). 
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APPENDIX 1-PRESENTATION OFTHE TOPIC 

A controversy on shrimp farming .... 

... Is not it too far away? 

LOCAL - GLOBAL - LOCAL ... 

What happens in 
other places at the 
LOCAL leve!. .. 

Cultural and political events (new CD, 
scientific discovery, political elections ... ) 

Natural phenomena (earthquakes, 
typhoon ... ) 

Individual or group actions (felling of a 
forest ... ) 

The use of a particular language increases (technical terms 
The global level of COz increases 
Some products become more available 
A species disappears ""'""ce_----~ 

... has repercussions 
at the GLOBAL 

level. .. 
the price of sorne goods may change ... 

The GLOBAL 
situation becomes the 
new context where 
the LOCAL people 

jobs become difficult to find ... 
... a knowledge of the language is required 

the price for pineapples and shrimps is lower 
Drinking water would be better to be bought ... 

At the LOCAL leve) the single person can: 
- Sometimes can choose with awareness 
- Sometimes he has to suffer something in positive or in negative sense 

At the LOCAL level the whole community of people: 

- can be puzzled, cannot understand ... 
- can organise itself and take action (laws and norms displays .. } 
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APPEND IX 2 - PRESENTATIOJ\ OFTHE TOPIC 

"A Mea/ Of Shrímps: A Global Problem" 

The role-play deals with the global environmental and social issue of the production of 
shrimps in aquaculture ponds. 

BO's - 90's 

This activity spread massively - during the last ten years - along the coasts of 
many tropical countries. Prometed and funded by International Institutions (FAO, 
IMF, WB) in arder to improve proteins' input in the diet, to offer new 
opportunities of employment, to raise the economies of developing countries ... 

1995 - 2000. .. ? 

... this activity has also produced widespread damages to the coastal ecosystems, 
and has weakened the subsistence economy of local populations 

IN INDIA: 

This controversy has given rise to a conflict , which assumed the form 
of a non-violent protest animated by the local villagers against the 
local farmers and the multinational organisations. 
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APPENDIX 3 - WORKJNG MA TERIALS 

GAME RULES 

MATERIALS FOR GROUP WORK 

ti' ROLE CARDS 

GROUP "A": World Bank, local and foreign investors, government officials 

1 A Sonjo Kurnor ex government official 
My name is SonJa. I am a senior governme:nt officiol and I spent all of my life caring of Indio's 
problems. I had been warking at the Agricultura! Department since 1950. 
Sustoining a,id promoting aquoculture industry means having a very big income of high currency 
and lots of jobs will be available. Aquoculture industry will lead India to such a huge economical 
development that everybody will be certainly able to reach his own ·place under the sun•. 
Intestine f ights will definit ively come up to terms. That will mean new social positions for 
everyane, especially far women ( ... ). 

GROUP "8": local villagers, NGO, International Organisations 

9B Jegannothan, leader of the non•violent movement ogainst shMmp farming . 
I am very old now. My wife. and I we. spe.nt al! of our life. to give voice t o the weakest people. 
The.y ore. lost one.s, the. ones who ne.versee their rights to live. recognised. We ore corrymg on a 
third revolut ion, in place of the two previous ones (the green revolut1on ond the blue revolut ion), 
which only gave benefits to foreign companies or to whom who olready we.re in o pr1v1leged 
position, People who take on oction far their !.fe and their environment make our movement. 
The 11 December 1996 the Supreme Court deliberated in our favour : intensive shrimp farming 
must be forbidden. But there is st ill o lot to do. We must be careful and vigilant, 1f we wont to 
see thot sentence be respected. We won't stop our singing and our hunger str ikes. 

GROUP "D": decision-makers 

D-4 Shagor 6oshivah, doctor 
My nome is Shagor, I am 40 years old and I a,n emplayed al the Tamil Nadu Notionol Hea lt h 
~partment. In our Deportment we are doing o permanent ond rest less work of monitor ing the 
qU<Jl i ty of freshwoter ond prevention of d1sease.s. India is o very over-populated country, and water 
is often locking in sorne per iods during the ye.ar. Viral e.p ide.m ies can easily spreod oll over the 
country. They are very strong e.p ide.mies and they can e.ven halve the number of people in the 
villages. My doubts about the two alternotives that we ore 901ng to discuss today ore principally 
reloted to health ospects. I would like to know if shr1mp forming can be really e:ffe:ctive in assuring 
a better life qual ity for Indian people , or if the rurol p,ople who are actually protesting hove to 
sugge.st any olte:rnotives far dealing wi1 h the current low heolth condit ions. I will be reody to heor 
fram bath of them. 
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APPENDIX 4 - WORKING MATERIALS 

v'DOCUMENTS ON SCIENTIFIC AND TECHNOLOGICAL ASPECTS OF THE 
PROBLEM, DESCRIPTIONS OF THE SOCIAL AND CULTURAL CONTEXT, 
HISTORICAL BACKGROUNQS OF THE CONFLICT. 

• Looking ot the MEDIA COVERAGE ... 

THE ~~ HINDU 
" Greenpeace aclivists joined the movement of fishcrme11 i11 Mumbai 10 show the problematic siluation. The 
coomu11ities o/ locaJ fisherme,i are badly damaged by the industria/ developmem ... ". Fishermen protested against lhe J 
l 'Aquacu/Jure Aurhority Bi/1 .. 

• ... Approoching the mojor SCIENTIFIC JOURNA~ 

Shrimp feed contains about 30% fi shmeal and 3% fish oi l, and intensive 
shrimp farming actually resul ls in a net loss of fish protein . .. 

Science 
So long as the ful! environmcntal costs uf fecd and .stock inputs, effiucnt 
assimilation, and cuastal land conversion are not rccognised in the 
market. . 

--~ -
...,.,.,..,. -

, __ 11..,.._., 

- -~ ~{4 
,_ ~ ~!~ -- -;; .. .,_, 

• Se/ecting informotion 
TEXTBOOKS ... 

from SCHOOL 

• Using Internet to keep in touch with INTERNATIONAL ORGANISATIONS 
www.fuo.oro 

www. gaal I i ..incc.org/rcvi 2.html 
http://hornel.gte.net/hosaka/ccuador/shrirnpon.htrn 
S[ERRA CLUB, www.sicrracl ub.ca/national/MA 1/hrier.ht mi 

... Accessing the mojor DATABASES ... 

1990 • 93 ITALY 

Pooulation 55 .226.000 
Lifc soan 78 
N. of childrcn ocr woman 1,2 
Daily proteins' iniake (g/day) 139% 
Access to drinking water 100% 

INDIA 

994.580.000 
62 
3,2 

101% 

81% 

245 





Proceedings of the III Conference of European Researchers in Didactic ofBiology. 
September 27th- Octoberlst 2000. Santiago de Compostela (Spain), pp.247-260 

COMMUNICATION IN THE LABORATORY SESSIONS AND 
SEQUENCESOFARGUMENTS 

Joaquín Díaz de Bustamante & María Pilar Jiménez Aleixandre 
Universidade de Santiago de Compostela, Spain 

Abstract 
This paper reports a case study about discourse and argument in the 
Biology laboratory (microscope). 9th grade students (14-15 years) were 
asked to solve a problem: to identify an unknown biological sample. The 
purpose was to explore the classroom discourse, the system of 
communication, being the focus the argumentation pattern, the 
relationships that the students establish among data and theoretical 
hypothesis, the operations by which hypothetical statements are 
transformed into data and the uses of justifications. Two groups of 
students were video and audiotaped while solving the problem. The 
transcriptions were analyzed using Toulmins' (1958) layout. 
The focus of this paper is the methodology used through the analysis, and 
the inscriptions designed for reporting the paths of argument. The 
criteria used for deciding whether a dialogue was an argument or not and 
which exchanges belonged to the same argument are discussed. W e 
designed a flow diagram to represent the sequence of arguments along the 
discussion. The sequence and instances of arguments are analyzed, 
focusing on the substantive arguments, related to relevant biological 
knowledge. The results show how students are able to use argumentative 
reasoning, to justify their claims. Implications for promoting talking and 
doing science in the biology laboratory are outlined. 

1 Classroom discourse, communication and argument: theoreti
cal framework and objectives of the study 
The exploration of the classroom discourse, understood as the system of 
communication in a paiiicular classroom (Cazden 1988) is receiving 
growing attention from science education. It is expected that these 
studies would shed light on the ways science is learned and taught, being 
complementary with studies focused on pupils' ideas. We need to explore 
the processes through which meaning is made in science classrooms. 
Classroom is a keyword, because these questions are concerned rather 
with situations, interactions, exchanges taking place in actual classrooms 
or laboratories that with studies in an out-of-school setting. From the 
different communication modes the focus here is on argumentation, 
understood as the relationships that the students are able to establish 
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among data and theoretical hypothesis, for instance the operations by 
which hypothetical statements are transformed into data and the uses of 
justifications in them. 
The framework for this study is related on the one hand to Science 
studies, including perspectives from Philosophy, History and Sociology of 
Science, and on the other hand to psychological views of learning. From 
the philosophical perspectives we borrow the argument layout from 
Toulmin (1958), working with the assumption that the goals of science 
education include developing the capacity of relating evidence to theory, 
of supporting claims with evidence. It is worth discussing the relationship 
between argument and reasoning. The role of logic in argumentation has 
been much discussed and although sorne view arguments as a form of 
logical reasoning, we assume Hintikka ( 1999) position in establishing a 
difference among, on the one side the traditional conception of formal 
logic and, on the other side argumentation and logic in natural discourse. 
As Hintikka says, for theorists of human reasoning: "the truths of formal 
logic are mere tautologies or analytical truths without substantial content 
and hence incapable of sustaining any inferences leading to new and 
even surprising discoveries" (Hintikka 1999, page 25). 
For us, that means that while formal logic could be used to represent or 
analyze established knowledge, it is not an adequate frame to interpret 
discourse in situations where new knowledge is being generated. In natural 
discourse, for instance when solving a problem in the science classroom 
or laboratory, many propositions could be not correct or even be 
fallacious from the perspective of formal logic, while at the same time 
they could constitute fruitful steps in the construction of knowledge. 
Informal logic is also relevant for the study of argumentation in 
discourse: As Walton (1989) says, to analyze argumentative discourse on 
controversia! issues in natural language a number of questions, as careful 
attention to language or the ability to deal with vagueness and ambiguity, 
must be taken into account, and researchers must be prepared to unravel 
the main line of argument from long exchanges among two or more 
people. Walton stresses that in this dialectical approach the question
answer context of an argument is brought forward and an argument is 
seen as a part of an interactive dialogue of two (or more) people 
reasoning together. 
Our understanding of the scientific enterprise has been extended by the 
sociological approach through study of current scientific practice (Latour 
& Woolgar 1986); this sociological perspective has been applied to the 
study of science classrooms and school labs (Kelly and Crawford 1997). 
Through argumentation analysis we try to identify the construction o f 
facts and data in students' conversation, the operations through which 
hypothetical claims are transformed into "facts", the ways warrants are 
used in them. 
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From the psychological views of learning, when studying how the 
background (Biology) knowledge is used in warranting arguments, we draw 
on Brown, Collins & Duguid (1989) perspective, assuming that 
conceptual knowledge cannot be dissociated from the situations in which 
is learned and employed. First, this was taken into account in the design 
of the authentic problem which students had to solve. Second, we try to 
look for instances of students' conversations which could be identified as 
part of the scientific culture, as defined by Brown et al. This kind of 
conversation is not found in standard Biology laboratories (Jiménez and 
Díaz 1997). 
The conceptualization of scientific thinking as argument has been 
proposed by Deanna Kuhn (1993) who points at the social dimension of 
science construction, at the ways science is connected to controversy and 
argument. Scientific knowledge implies choice among competing 
theories, analyzing the evidence, relating evidence to theories. 
Argumentation analysis has been appl ied to the study of classroom 
discourse, for instance by Kelly, Druker, and Chen (1998). Driver, 
Newton and Osborne (2000) point at the lack of opportunities offered by 
current pedagogical practices as the major barrier in the development of 
the skills of argument in young people. 
This paper reports a case study about discourse and argument in the 
Biology (microscope) laboratory. Jt intends to document instances of 
students talking science but, as this doesn't happen often in classrooms, 
we have designed different units and problem-solving activities with the 
aim of promoting discussions about the know ledge related to data and 
claims. The objectives addressed are: 
- To test research methods used to analyze students' arguments. 
- To explore the relationships established among the data (observations 
through the microscope) and the biological knowledge about the cell by 
means of justifications. 
- To analyze the argumentation path leading to a conclusion about the 
sample. 
The next section is devoted to methodology, then the students' 
arguments are presented and finally they are discussed in relation to the 
biological knowledge involved . 

2 Methodology: participants and tools for the analysis 
Participants and classroom context; data col/ection 
Pa1iicipants were drawn from two groups of 3ª BUP (9th Grade, aged 14-
15 years) High School students taught by their regular teacher, the 
sessions being part of the Natural Science course schedule. The students 
worked in groups of two, three or four sharing a microscope. A lab 
session on the topic of microscopic observation was video and 



250 Proceedings of the III Conference of E11ropean Researchers in Didactic of Biology. 
Seprember 27th-Octoberlsr 2000. Santiago de Compostela (Spain) 

audiotaped. The student were asked to solve a problem: to identify an 
unknown biological sample (not the same for each small group), being 
this task quite different from the ones which usually consist in observing 
and drawing a known sample (onion skin etc.). The task is discussed in 
detail in Jiménez, Díaz and Duschl (1999); the problem is reproduced in 
Appendix 1. The study focuses on the performances and discussions of 
two small groups, one from each school: F (four boys) and G (two girls). 
The students were not expected to recognize (]abe!) the sample -in F 
epidermis from the plant Centranthus ruber and in G osteoblasts in fish 
operculum-, but to match it with one option in the handout; in other 
words to tell whether it was plant or animal, and which one of the two 
choices about ir. They were asked to draw the sample. 
Argumentation Analysis 
The small groups were video and audiotaped while solving the problem. 
Their dialogue was transcribed and contrasted with the videotapes, 
drawings and repo1is, in order to include relevant information, for 
instance about handling the microscope. The transcripts were analyzed 
and coded for argument components by the two authors. The analysis 
were then compared and discussed until an agreement was reached. 
In a second step the different arguments (which could include more than 
one message units, and different speakers) were identified and a sequence 
map of them was outlined; this was performed first independently and 
then comparatively as in the first step. In a third step the warranted 
arguments were identified and coded following the taxonomy proposed by 
Kelly et al ( 1998) about the range of warrants. Finally, after the 
identification of conditions leading to warranted arguments, a set of 
categories was developed for conditions and each warranted argument was 
coded in it. At some of the steps, reconstruction of the analysis grids and 
categories was needed. 
It is necessary to discuss the methodologies used through the analysis, as 
part of the focus of the paper. The issues raised about classroom discourse 
analysis are complex, ranging from how to organize the data, which tools 
to use in order to interpret them, to how to present and represent the 
results by means of inscriptions. The relevance of this analysis to the 
study of science classrooms is supported by research on the discourse 
processes of scientists. Latour and Woolgar (1986) have studied the 
construction of facts, the transformation of data through conversation, 
the processes by which scientists give meaning to their observations. 
They document instances of transformation of statements into facts, 
what they describe as efforts to introduce order in a disordered array of 
observations; they see inscriptions and writing as a material operations 
aimed to create order more than to the transfer of information. This 
perspective has been applied to the study of classrooms and school labs 
by Kelly and Crawford ( 1997) who explore what counts as science in 
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High School laboratory; and Kelly and Chen (1999). The studies by Kelly 
and colleagues exemplify a new way to explore students' views of science 
tlu-ough direct study of classroom discourse, rather than through analysis 
of reconceptualized answers to particular instruments. 
The analysis of classroom discourse could be compared to studying a 
sample with a microscope: different approaches and magnifications are 
needed . Next we will discuss two of the representations that we use in 
order to understand what is going on in the classroom: sequences of 
episodes during a session and sequences of arguments. 
Sequences of episodes: during a session there are different episodes, either 
in terms of the tasks, or in terms of issues at the center of students' 
discussion. Drawing the sequence requires an interpretation: to identify 
relevant episodes and group the speech units into them. In the 
microscope sessions, the time allocated to each task or subtask is a 
relevant issue, for instance in arder to compare the activities of different 
teams. 
Sequences of arguments: when analyzing the students' argurnentation, we 
are interested not only in the specific arguments, but also in the process 
of construction, co-construction, refinement and change that the 
argurnents experience. Our analysis <loes not focus on every sentence or 
group of sentences, but only 011 these called by Toulmin substantive 
arguments, having as requisite a knowledge of content. The steps 
followed are: first to identify in each small group the substantive 
arguments whose claim (explicit or implicit) constitutes an answer to the 
problem, for instance about the sample (animal, plant, type of tissue). 
Severa] exchanges among students, whatever its length, are considered 
part of the same argument when related to the same claim; and of 
different arguments when the claim is modified. Then the sequence of 
arguments is drawn for each session and small group. A second step is to 
identify the wan-anted arguments and categories of warrants. Figure l is 
one example of a sequence of arguments from group F. The 
representation of sequences helps to rnake visible the process through 
which an argument changes, how different warrants are used to justify it. 

3 Results: range of warranted arguments 
The second research question deals with the relationships established 
among the data and the biological knowledge, particularly knowledge 
about the cell. Two types of data were considered: empirical, obtained 
through sample observation, and hypothetical. Sorne of the hypothetical 
data are administered, as the information in the handout, and other are 
obtained by the students through sources as books or notebooks. One of 
the differences among students working in the problem-solving context 
and in standard sessions was that the firsts were searching for information 
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outside the handout, in their books and notes, while exchange between 
the practica! activities and the regular classroom sessions is rarely seen in 
standard laboratories (Jiménez and Díaz 1997). 

Figure 1. Sequence of arguments Group F 

Fabri , Felix 
Arg. 1, 2, 3, 4, 5, 6 &7 

Felix, Fabri 
Arg. 8,9, 10& 11 

Felix, Fabri , Flavio 
Arg. 12 

Flavio, Felix 
Arg. 13, 14 & 15 

Felix, Fabri , Flavio 
Arg. 16 & 17 

Felix, Fabri, Flavio 
Arg. 18 

One of the plants 
• has chlorophyll 

~, 
A type of plant tissue (not in 
handout) 
• has/not chlorophyll 
• has/not nuclei 

, , 
Parenchyma 
• has nuclei 
• cells like donuts 
• stomata? 

,, 
Discarding an imals 
haemoglobine? 

,, 
Plant tissue: phloem 
• it has vessels 
(not in handout) 

,, 
"a": 
• it is phloem 
• it has vessels 

Warranted claim 

Claim warrant 
background knowledge 

Hypothesis 
data interpretation 

Hypothesis 
background knowlcdge 

Claim wanant 
source of background 

knowledge 
(notebook) 

Claim wanant 
background knowledge 
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To show an instance of the argument analysis, below is reproduced one 
excerpt from the transcriptions, corresponding to pa1i of a warranted 
argument (table 1 ). 

Table 1. Argument number 3 of group G 

Line Transcript 

5 2 Fabri: What are stomata? 

5 3 Felix: Which stomata? They are nuclei 

5 6 Fabri: Don 't you see that stomata is 

57 

60 

61 

the reproduction of ... of the mushroom 

which throw and cross two and thcn . .. 

Felix: They are sporcs 

Flavio: (/ooki11g notebook) Floema ... 

stomata aren't in here (classroom 
notes) 

Fabri: Jt has no stomata so: 

what do you want them for? 

Argument & epistemic 
operations 

question on background knowledge 

interprets observation 

scicntific language: 

definition 

opposition 

relating obscrvations to background 
knowlcdge 

data construction 

epistemological commitment 

62 Felix: There is not a dictionary over appeal to information sources 
there? 

The students in group F spent some time discussing the term "stomata", 
mentioned in the handout (see Appendix 1) as one of the criteria to 
distinguish among the two plants . In their struggle to find out what 
stomata means, Fabri (line 56) offers a definition which, as Felix (57) 
points, refers to "spores". lt has to be noted that both in Spanish and 
Galician the words "estomas" and "esporas" bear greater resemblance 
than they do in English. The students browse their notebooks in search of 
"stomata" and, as they cannot find them (line 60), Fabri jumps to a 
claim: there are no stomata in their sample (line 61 ), related to what we 
interpret as an epistemological commitment: the only knowledge needed 
is the one about the problem / sample. In fact the sample did have 
stomata, and some time later they describe them with a good analogy 
"They look like donuts" although they don't match them with the 
appropriate label. This example shows the difficulties that students 
experience when struggling to relate the practica! tasks in the lab to the 
theoretical knowledge, terms and concepts learned in the classroom. 
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Figure 2 represents in Toulmins' layout a compound of arguments from 
these groups: # 10 from Group G which exemplify one of Kelly et al 
(1998) categories for wainnt strategy: subsequent, as opposed to direct. 
Subsequent strategy means that the warrant offered is another argument; 
the claim about the sample, that it belongs to the "d" type, "Arañilio", is 
justified because it matches one of the features discussed in the handout 
(ali the cells belong to the same type), and this first warrant is, in turn, 
the claim of a second argument, warranted in the interpretation of the 
observed differences among cells as a question of size, of being bigger or 
smaller, apart or close, not of intrinsic differences corresponding to two 
cell types. In fact the two students in this group have changed their 
interpretation, and will doubt again about it later. 
We have coded as an argument, for the purposes of this analysis, only 
claims about the nature of the sample, and coded as part of the same 
argument ali the exchanges while the claim is not changed, as discussed in 
the methodology. With these criteria, a total number of 18 argument 
were produced by group F and 21 by Group G, and from these we consider 
that 1 O in each case are warranted. As an instance of the different claims, 
a sununary of group F in form of a sequence of all arguments, warranted 
or not, is reproduced in figure 1. 
Our focus are the warranted arguments: the range of them, with respect 
to the three dimensions explored, is wide and is summarized in table 2. It 
is difficult to establish a pattern about warranting, although sorne trends 
could be found, like in this case the use of empirical referents as should be 
expected from an experimental context. 

Figure 2. Argument 10 (line 146-147) group G. Between brakets: 
implicit 

Empirical data 
Unknown sample 

Claim 

1-------. ...-1-----so, I(At is ~d
1

'_' ) 
smce ram 10 

Warrant 

,_.since - They (the cells) belong to 
the same type 

Warrant 2 [empirical data] 

because sometimes they are 
clase, sometimes apart 
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Table 2. Range of warrants used in the two groups 

Group Total Warrant \Varrant 
strategy referent 

i.J..; Arguments: 18 8 direct 7 empírica! 
o. Warranted 
::, 

argu ments : 1 O o ... 
1 hypothetical 

2 subsequcnt 2 empirical 
o 

o 
Arguments: 21 
Warranted o. 

~ arguments: 1 O 

6 direct 4 empirical 
2 hypothetical 

o 4 subsequent 4 cmpirical 

Total warranted 14 direc/ f 7 empírica / 
arguments: 20 6 subseq11ent 3 hypothetical 
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Warrant type 

8 rcferential 

1 comparative 
1 referential 

3 comparativc 
2 referential 
1 declarativc 
1 comparative 
3 referential 
5 comparative 
14 referential 
1 declarative 

4 Results: conditions which lead to the use of warrants 
About the conditions which lead to the use of warrants, a set of 
conditions was developed as a consequence of our analysis. Three 
conditions were identified: 
- Need to choose among options: which could be a general consequence 
of performing the task, or a specific prompt by teacher or other student. 
A particular case was when it followed a disagreement about the 
interpretation. 
- Relating empirical evidence to background knowledge: discussi.ng their 
interpretation of the data in relation to knowledge from different 
sources; in most cases the information in the handout, as they were 
trying to match the observed features of the sample with the options in 
the handout. 
- Data co-construction: interpretation and reinterpretation of 
observation, trying to give meaning to what they saw and transforming 
statements into facts (Latour and Woolgar 1986) by means of discourse. 
To give a sense of the different warranted arguments in connection with 
the conditions, a summary for group G is included below (table 3). 
A summary of the conditions related to the use of warrants appears in 
table 4. 
It is interesting to point at the similarities and differences among these 
conditions and the taxonomy proposed by Kelly et al (1998) . It is clear 
that some of them are similar, for instance challenge from Kelly et al is 
probably equivalent to our disagreement, and writing prompts are found 
in both, while data construction in our frame is equivalent to actions in 
Kelly et al. Sorne differences could relate to the disciplinary contexts of 
the tasks (electricity and biology). A detailed discussion exceeds the scope 
of this paper. 
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Table 3. Warranted arguments Group G 

# 
5 

7 

8 

10 

13 

14 

18 

19 

20 

21 

Argument 
it has to be "d" 
if it had blood it would be red 

or "e" or "d 11 

"d" doesn't have blood. 
"c" has blood, is red 
but with hemoglobin 
ali the same type . 
Sorne bigger, sorne smaller. .. 

they belong to the same type 
because sometimes they are close, 
sometimes apart 
Gema: because the nuclei are not 
visible 
Gloria: and it has no hemoglobin 

Gloria: you cannot distinguish the 
nuclei 
Gema: are you sure these are not 
the nuclei? 
Gloria: they cannot be so small 
Gema: Cells are always small 
"e"! 
because "d" is different 
there is more than one cell type 
( ... ) 

because as they have flagelli 
Sorne have scratches and sorne 
don't! 
( ... ) the one that has flagelli 
outside 
Gema: it is "d" 
Gloria: it is type B (animal) 
Gema : because they are not plant 
cells 

1. Need to choose among options: 
7 warrants 

Conditions 
- need to choose among two animals 
(task options) 
- relating empírica] evidence to 
background knowledge in handout 
- need to choose among two animals 
(task options) 
- relating empírica! evidence to 
background knowledge in handout 
- relating empirical evidence to 
background knowledge in handout 
- data co-construction 
- relating empirical evidence to 
background knowledge in handout 
- data co-construction 
- need to choose among two anima Is 
(prompt in h.) 
- relating empírica] evidence to 
background knowledge in handout 
- relating empírica] evidence to 
background knowledge: a) in handout; 
b) previous 

- need to choose among two animals 
(task options) 
- need to choosc among two animals 
(task options) 
- relating empírica! evidence to 
background knowledge in handout 
- need to choose among two animals 
(task options) 
- relating empirical evidence to 
background knowledge in handout 
- need to choose among plants & 
animals (task options) 

a) required by task: 5, 7, 18, 19, 20, 21 
b) prompt in handout: 1 3 

2. Relating empirical evidence to a) in handout: 5, 7,8, I0,13,14,19,20 
background knowledge: 8 warran/s b) previous: 14 

3. Data co-construction: 2 warranls making sense of observations: 8, 10 
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Table 4. Summary of conditions related to use of warrants in the four 
groups (sometimes more than one condition in the same 
argument) 

Conditions 
Warranted arguments: N = 20 
1 Nccd to choose among options. N = 13 

2 Relating empírica! evidencc to 
background knowledge. N = 13 

3 Data co-construction. N = 2 

a) rcquircd by task (general) : 7 
b) prompt in handout: 1 
c) prompt by teacher/student: l 
d) following disagrecmcnt/ 

o osition: 4 
background knowlcdge origin 
a) in handout: 1 O 
b) in notebook : 3 
e) previous knowledge: 1 
making sense of observation: 2 

About the connection between Biology knowledge and warrants, there are 
sorne cases when the background knowledge is made explicit, but most of 
the time it is not, like for instance in argument # 14 from group F (see 
figure 1) "J think that the first one (plant) because I see the green blots". 
We assume that the student knows that chlorophyll is green, and that this 
is backing his warrant supporting the claim about the choice. Here can be 
seen the differences among formal logic, where ali the steps in the 
reasoning path could be expected to be stated, and natural conversation 
or discussion, when many things, and particularly shared knowledge, 
remain unsaid. 

5 Discussion and Educational implications 
A wide range of wa1Tanted arguments was found . It is difficult to establish 
a pattern , although sorne trends are: a) the great proportion of empirical 
referents as should be expected in an experimental context and b) most 
arguments could be assigned to the referential type, making reference to 
information in the handout or in their notebooks and books; also there 
was a considerable number of comparative arguments. 
About the conditions which lead to the use of warrants, three conditions 
were identified as situations which seem related, in this particular context 
and task, to the use of warranted arguments: 
1) The need to choose among options that was required by the task, being 
a particular case the arguments prompted by an open disagreement. 
2) Relating empírica! evidence to background knowledge: for instance 
trying to interpret the evidence in terms of the information in the 
handout. 
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3) Data co-construction: making sense of observations and trying to fit 
them in scientific terms and knowledge about cells and tissues. 
There are several differences among these groups, which were solving a 
problem, and standard laboratory sessions analyzed in Jiménez and Díaz 
(1997). They relate, on the one hand , to the implication in the task 
(time on-task) which is much higher in the problem-solving context. 
Perhaps an indicator could be the hot discussions in which these students 
got involved, sometimes even losing their temper and using rough 
language. Although we did not intend to promote bad manners in the 
classroom, it shows that they are really deep into discussion and 
argument, while is difficult to picture 15 year olds shouting one another 
about drawing onion skin. A better quality indicator is the need that the 
students in the problem-solving context experience about referring the 
microscope task to the knowledge in their textbooks and notebooks ; 
interpreted as the need to mobilize or apply their knowledge about cells 
and tissues, this shows the demand of the task in intellectual or cognitive 
terms, while again the usual tasks have very little demand of this 
character ( or none ). This application of knowledge leads the students 
from group F to go further that they were asked, attempting not only to 
match the slide with one of the four options, but to label it as 
parenchyma or phloem, terms that were not used in the lab, but that they 
found in their books and notebooks. In fact, although the sample was 
supposed to be epidermis, it had on one end, part from the tissues under 
it, which could be these mentioned by the students. 
There are also other differences which refer to the type of interactions 
with microscope, books and notebooks, and to the personal interactions. 
In our opinion, the design of the task as a problem provided 
opportunities for reasoning with could be seen in the variety of 
arguments. Also some instances of the role of the instrument 
(microscope) in the shaping of the data could be identified. Future lines of 
research suggested are cross-content analysis which we are undertaking 
now, comparing these data with other from Genetic, Environmental 
Science and Physics units. 
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Appendix 

The tracks of the thief SamplenºD 

A video camera has been stolen in the laboratory. The thief hurt itself, leaving 
behind traces from its body. In the microscopes you will find slides prepared with 
these rests. 
This is the list of suspects; they carne from an ali en colony, and could be different 
from Earth animals and plants. They are suspects because sorne of them are fond of 
recording their own movies. 

a) CLOROFILJO: its cells are like those from terrestJial plants. lt has this name 
because it has chlorophyll (in the chloroplasts), being its nutrition by 
photosyntesis. Also it could have stomata to exchange gas. 

b) TUNELIO: its cclls are like those from terrestrial plants. lt has this name 
because lives under the soil , and has not chlorophyll. The nuclei of cells are 
visible . lt has no stomata. 

c) GALIÑOLIO: its cells are like those from terrestrial animals. lt flies. Has red 
blood (with haemoglobine), where can be seen more than one cell type. 

d) ARAÑILIO : its cells are like those from terrestrial animals. Breathes through 
skin and has no blood. Its cells, irregular in shape, are distributed in layers, 
being ali fom1 the same type. 

Note: if you find a tem1 that you don't know: 
a) consult your book or notebook, or 
b) ask your teachcr. 

You have to investigate to which suspect the sample belong: 

I) First decide whether it is a/b (Clorofilio or Tunelio) or ci d (Galiñolio or 
Arañilio) explaining which features or data are behind your choice. 

2) Describe in detail the cells of the individual making a drawing and indicating 
in it ali the structures that you see. 

3) Ifthere are more than one cell type, explain how you distinguish each. 

4) If you see sorne elements inside the cells, draw them and explain what it is , 
g1v111g reasons. 
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WHICH ETHICAL TRADITION DO STUDENTS PREFER WHEN 
JUDGING GENE TECHNOLOGY? A STUDY OF STUDENTS' 

ETHICAL ARGUMENTATION 

Corinna Hi:i/3le* & Horst Bayrhuber** . 
*University of Hamburg, ** Institute for Science Education-Kiel (Germany) 

1 Introduction 
Critica] discussions about the development and implementation of 
innovative technologies such as gene technology, reproduction medicine and 
organ transplants have become a normal part of life today. One topic in 
particular-the potential to improve the genetic code of living beings by gene 
technological methods-has stimulated the public debate. Practically no other 
technology which will be discussed from such an emotional point of view. 
With no other technology are such a great number of hopes and fears 
associated (Hi:i/3le 2000, Gebhard et al.1994, Todt and Goetz 1996). 
To make a responsible moral judgement it seems necessary to consider at 
least two dimensions of gene technology: 
1. The descriptive, scientific dimension of gene technology (what is gene 

technology?) 
2 . The normative dimension (what is the moral judgement on gene 

technology) . 
In this research most interest is focused on the latter dimension . 
When people state their views on morally relevant issues, they usually voice 
only unspecified beliefs, feelings or internalized traditional norms. 
Sometimes their judgements express their own spontaneous subjective 
reactions to moral dilemmas, sometimes they merely reflect other people's 
feelings, as formulated by the media or by members of the family or friends. 
In those statements people often use philosophical terms as morality, 
naturalness, human dignity, welfare and pain. But it is striking that people 
are usually unaware of the exact philosophical meaning of these terms 
( especially the meaning of human dignity) and as a consequence have 
difficulty in reflecting these terms adequately in their own argumentation 
and in that of others. • 
Frequently argumentation refers to one philosophical tradition only 
(deontological or teleological ethics) to the exclusion of the other position . 
Yet a responsible and reflected ethical decision on gene technology requires 
consideration ofboth positions in a balanced way (Hi:i/31e 2000). 
One common aim of innovative teaching today is to improve students' 
ability to make a responsible and reflected judgement on innovative 
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technologies such as gene technology. The here presented research outlines 
a method which sets out to help to improve the ethical argumentation on 
gene technology in biology teaching. 

2 Aims 
Our aims were as follows. 
1. To investigate students' ethical argumentation (normative frameworks) 

when judging gene technology 
The reactions of school students to moral issues are presumably even more 
confused than the responses of adults, but they are important in that they can 
tell us something about their ethical argumentation and instinctive reactions. 
If we wish to improve students' ethical argumentation on gene technology in 
biology teaching we first have to explore what view the youngsters already 
have and where we can pick up on them. 
2. To test a strategy for improving the ethical argumentation on gene 

technology in school 
Our aim was to find out if ethical argumentation on gene technology can be 
improved by considering students' hopes and fears in biology teaching. 

3 Hypothesis 
We set out to test the following hypothesis in our research: 
Students' ethical argumentation on gene technology can be improved by 
teaching topics which relate to their hopes and fears. 

4 Ethical argumentation 
Following Frankena (1972) there are two main lines of philosophical 
thinking, the teleological and the deontological model. Both ethical 
traditions play an essential role in our research and will now be briefly 
described. 
In the deontological ethics a moral judgement or an action is been to be good 
if it obeys: 

• nom1ative principies (for example, justice) (Universalismusanspruch 
in Englisch? ) 

• ethical values (for example, human dignity) (personliche Werte in 
Englisch?) 

• certain rights which are regarded as absolut for instance the right to 
Iive or the right to remain unhurt. 

These principies and values are declared to be intrinsically good. They guide 
judgement or action without regard to consequences. It is an essential 
characteristic of this type of argument that there are certain things should not 
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be done whatever the consequences (Ruth Chadwick 1996). There are also 
the concept of duty: certain duties are seen which cannot be overridden by a 
regard for the consequences however desirable. One key figure of the 
deontological tradition is Immanuel Kant: "It is everyone ' s duty not to lie 
and to obey the moral law." (Kant 1963, ). 
A deontological argurnent can also claim that certain things are holy (for 
instance, nature or God' s creation) and therefore nothing which violates 
them should be attempted. Or there may be certain limits or boundaries that 
must not be crossed. 
lt is characteristic for the teleological model to argue that judgements and 
activities should only be allowed or be described as good if they are 
consistent with the telos. One main line of teleological thought is 
utilitarianism. A variety of different positions can be discerned which ali 
have characteristics in common. Key figures in this tradition are for example 
Jeremy Bentham and Stuart Mili. 
The research presented here focuses on utilitarian argumentation. Utilitarians 
typically wish to avoid pain, suffering and misery and to enhance welfare, 
pleasure, happiness and well-being . Moral decisions or activities which 
maximi ze the welfare of living beings or try to minimize suffering are 
considered to be good. 
Lawrence Kohlberg (1974, 1976) describes in bis research the development 
of moral judgement, focusing in particular on peo ple ' s moral j udgements on 
ethical dilemmas . In his work he postulates that a moral judgement is good if 
it follows the normative principie of justice (1984, 1986). Jndividuals 
involved in the moral judgement are seen as autonomous and independent of 
other persons . Caro! Gilligan (1984) criticizes Kohlberg's definition of 
moral judgement. She emphasizes that a moral judgement not can 
exclusively be defined within the moral dimension of justic \Vhich considers 
only rights , duties and rules. A second dimension is necessary if the moral 
judgement is to be defined completely. In Gilligan ' s opinion moral 
judgement should be described by two dimensions: justice and care. A moral 
judgement can also be good if the decision-maker evidences care for 
everyone who is involved in the dilemma. Typical characteristics of care are 
responsibility for persons who might be hurt by the moral decision, 
maintenance harmony between the persons and stabilization of human 
relations. People involved in the moral judgement are seen as part of the 
society and in terms of their relations to others. 
Following the theory of the philosopher Ottfried Hoffe (1986) Kohlberg' s 
definition of morality is deontological because the principie of justice is 
taken to guide a moral judgement irrespective of the consequences. Kohlberg 
chooses the principie of justice as an absolute maxim. In contrast Gilligan • s 
definition is utilitarian because she emphasizes that a moral j udgement is 
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good if the consequences are good for the persons in volved. Thus we should 
consider both dimensions, justice and care, if moral judgement is to be 
adequately described. 
Following these theoretical assumptions we set out to answer three questions 
in our research: 

1. Is the division into two main ethical traditions (deontological and 
utilitarian) suitable to categorize ali arguments which students 
formulate in their ethical argumentation on gene technology? 

2. Which ethical tradition do students prefer in their argumentation 
before and after the intervention in school? 

3. Is it possible to improve students' ethical argumentation by 
intervention in school? 
(Our definition of improvement: students take both ethical traditions 
into consideration in a balanced way when arguing on gene 
technology) 

5 Didactical and methodical strategy to improve the ethical 
argumentation of students 
The researchers R. Dobert and G. Nunner - Winkler (1986) discovered that 
the quality of young people ' s moral judgement depends on the content of the 
dilemma with which they are presented: the more the dilemma affects the 
students ' hopes and fears the differentiated the moral judgement is. One 
component of moral judgement is the ability to consider the two main moral 
systems, the deontological and utilitarian ethical traditions, in a rational and 
balanced way (Ho/31e 1998, 2000). Mostly students refer only to one ethical 
tradition in their argumentation. As a consequrence students formulate one
sided judgements. We wanted to ascertain if it is possible to improve 
students ' ethical argumentation on genetechnnology by teaching topics in 
biology lessons which relate to their hopes and fears. The more students 
consider both ethical traditions in a balanced way in their argumentation, the 
more differentiated and reflected the argumentation will be. 

6 Subjects 
We worked with three groups of secondary students whom were between 17 
and 19 years old and attending three periods of biology per week at the same 
school in northem Gem1any. 
Experimental group I comprised 15 students who were taught gene 
technology topics which were related to their hopes and fears . Experimental 
group II comprised 19 students taught gene technology topics which were 
not connected with their hopes and fears . The control group was not taught 
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gene technology. They were interviewed twice in a period of three months to 
find out if the interview itself has an influence on ethical argumentation. 

7 Design of the research 

Period Method Group I Group JI Control 
group 

1 Questionnaire to indicate + + -
students ' conceptions of 

gene tcchnology 
2 Developmcnt of two gene + + -

tcchnology units 

3 Preintervicws to ascertain + + + 
the ethical argumentation 

4 Implementation of the units + + -

4a Considering the hopes and + - -
fears during the lcssons 

5 Questionnaire to indicate + + -
studcnts' affection 

6 Postintcrviws to indicatc + + + 
the dcvelopment of the 
ethical argumentation 

First we developed a qualitative questionnaire to explore which gene 
technology topics affect the students most or what hope and fear students 
associate with gene technology. We also explored students' knowledge of 
gene technology in order to gear the units to the leve! of knowledge. 
In accordance with the findings we developed teaching material for the 
experimental groups I and II. 
In a third step we interviewed the students of ali three groups in face to face 
interviews to explore individual ethical argumentation. 
In a fourth step the students of both experimental groups were taught gene 
technology in 29 biology lessons . Group I was taught topics which had 
gained the highest affective seores. 
The students in group II were taught gene technology with no affective 
elements. 
In a fifth step we asked the students of both experimental group after each 
lesson if their hope and fear had been touched during the intervention. For 
this we developed a quantitative questionnaire . By asking the students we 
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wanted to find out if the topics they have been taught definitely considered 
their hope and fear or not. 
After the intervention in school we interviewed the students a second time to 
explore their ethical argumentation on gene technology and to find out if it 
had been improved. 

8 Hope and fear in connection with gene technology 
To analyze the questionnaire we developed a range of categories concerning 
hope, fear and knowledge, which we then used to classify the responses. We 
found that the students in both groups evidence very similar hopes and fears 
when thinking of gene technology. 
Thinking of gene technology most students hope that : 

• the methods of gene technology will be able to provide a cure for 
diseases such as AIDS and cancer 

• the application of gene technology in its different areas will improve 
the standard of living. 

Thinking of gene technology most students fear that: 
• the application of gene technology may involve unforeseen risks and 

negative consequences 
• people could lose control of gene technology 

We also analysed the students' knowledge of gene technology ascertaining 
what they know about the methods, application, advantages and 
disadvantages of this new technology. We found out that the students have 
difficulties defining gene technology correctly and naming the methods it 
involves. But the students know a large number of fields of application and 
can a wide range of advantages and disadvantages. 

9 Developing the teaching material 
Drawing on these results we developed two units for the experimental 
groups. For group I we chose topics which relate to students ' hopes and 
fears . The first was a topic from medicine: "Cause and diagnosis of the 
hereditary disease Chorea Huntington." 
The second, taking students'fears into account, was: "Risk analysis of the 
conjugation-experiment associated with insulin production". 
For the experimental group II we chose topics by which the students were 
not highly affected, which means that the topics were not related to their 
hopes and fears . 
The first was: "Research on and production of the human growth hormon 
somatotropin". The second tapie the students worked on concerned plant 
breeding: "Genetically modified aspen trees". 
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We developed the teaching material for each group in accordance with the 
knowledge our analysis had shown to be at the command. 
Both groups were taught using optimally developed teaching units which 
only differed in the content of the lessons. The methods and media were 
practically the same in each group throughout. 
Each group was taught 29 lessons. In both groups scientific knowledge and 
ethical issues were considered. For example both groups received a visit 
from a scientist of the subject matter: genetic adviser and genetic engineer; 
both groups performed experiments which were taken from gene technology; 
both groups were introduced to relevant ethical nom1s and did a role-play to 
familiarize themselves with different kinds of argumentation . As already 
mentioned the only difference in the lessons was the topics. 

10 Questionnaire to indicate affection 
To find out if the students definitely were affected by the topics taught we a 
quantitative questionnaire after each lesson. 
As expected we found that the students in experimental group I were more 
affected by the topics which they had been taught than the students in group 
II. 

11 Interviews to explore ethical argumentation 
Befare and after the implementation of the teaching material pre- and 
postinterviews were conducted with each student in the experimental groups 
and in the control group to find out if their ethical argumentation had 
changed. Following the tradition of Piaget (1973) and Kohlberg (1986) the 
interview questionnaires covered a variety of issues in different areas of gene 
technology. Befare we interviewed the students we showed them a video 
which finished with a dilemma concerning genetic testing. We also 
developed two more dilemmas conceming prenatal genetic testing and germ
cell therapy. In the postinterview we chose issues of prenatal testing and 
preimplantation diagnosis. The students were requested to make reasonable 
decisions and to name consequences of the decisions. 
For the interviews we developed an interview-guide which based on to the 
six categories of moral judgement. Each interview !asted approximately 
about 45 minutes at least. 

Analysis of the interviews 
To evaluate the interviews we made a qualitative ethical analysis of each 
interview following and modifying the theory of Ph. Mayring (1994, H6/3le 
2000). 
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Before we ana lyzed the interviews we developed different categories of 
ethical argumentation which will be described later. In a second step, which 
we called codification, we tried to assign students' d ifferent ethical 
arguments to these ethical categories. In a third step we checked whether ali 
of the ethical arguments could have been assigned to these theoretical 
categories or whether it seemed to be necessary to add new categories 
derived from the interviews' data. This latter step was repeated two or three 
times to ensure that ali arguments had been adequately considered. 

Categories of etlz ica/ argumentation 
Firstly we tried to assign ali arguments to the two main ethical models 
outlined above, the deontological and utilitarian traditions. These two main 
categories were described in accordance with Frankena (1972) before the 
interviews were analyzed. A detailed analysis of the students' argumentation 
on gene technology indicated that it is necessary to divide each main 
category into three subcategories. Thus the subcategories were derived from 
the data, their definition is an empírica! result of the interview analysis. 
As a result we have two main categories (deontological d and utilitarian u 
type of thinking) and six subcategories which will now be described. 
One characteristic of deontological thinking is that a decision is guided by 
normative principies or values which are declared as absolutly valuable 
without regard for the consequences . According to the data of our research 
these principies and values were: 
• human dignity (it is typical for this type of deontological argument that 

human dignity is the guiding val ue or principle-dd) 
• holy (holiness) (it is typical for this type of deontological argument that 

the absolute principie or value could be god, an animal or fate-dh) 
• nature, (it is typical for this deontological argument that the nature itself 

presents an absolute principie or value-dn) 

Categories of an ethical argumentation 

deontologlcal type 
of thlnklng 

(theoretical 
malo category) 

1 
1 1 1 

human dignltly hollness nature 
as the guiding of an animal, god e.g. presents an 

value as the guidlng absolute value 
(empirical subcategory) value (emplrical subcategory) (emplrical subcategory) 
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paln 
subcalegory) 

Categories of an ethical argumentation 

utilitarian way of thinking 
(theoretical main category) 

to emphaslze a person' s 
responslbillty 

forthe 
consequences(emplrical subcalegori 
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to emphasize 
the financia! 

consequences 
(empirlcal subcalegory) 

It is typical of utilitarian thought that a person' s decision or action is guided 
by the consequences of the decision or action. Following the data of our 
research the students fonnulated three types of consequences: 
• welfare (it is typical for this utilitarian argument that a decision or action 

is good which maximizes welfare and minimizes suffering and pain-uw) 
Example Peter: If we can avoid the transmission of hereditary diseases we 
avoid the transmission of pain and suffering for the whole family and 
especially the affected person and as a consequence we increase the welfare 
ofthese people. 
• responsibility (it is typical for this utilitarian argument that it describes 

decisions and actions as good which ernphasize a person's responsibility 
for the consequences-ur) 

Exarnple Julia: I think everyone should have genetic testing because we 
should know about our hereditary diseases . We are responsible for our 
children's health. 
• economy (it is typical for this utilitarian argument that a decision or 

action is good if the financia! consequences are good-uf). 
Example Simon: If everyone would underwent genetic testing by visiting his 
doctor it would be very expensive for the companies and as a consequence 
the contributions would increase for everyone. That's why I am against 
genetic testing 

12 Results 
Before the intervention in school, students in both experimental groups 
definitely preferred the utilitarian argumentation when judging on gene 
technology (about 90% of ali argurnents). Only very few students fomrnlated 
arguments in order from the deontological tradition (about 1 O %) to justify 
their own decision. 
Ali in ali the students of both groups had a similiar approach of arguing 
befo re we started the intervention in school: The majority of the students 
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approved the application of genetic testing and germ cell therapy in fuh1re. 
The analysis of the interviews showed that more than 50 % of the students' 
arguments in both groups belonged to the utilitarian-welfare type. Most 
students approved the application of gene technology because it could 
maximize the welfare of people and could raise the standard ofliving. 
About 20 % of the arguments conformed to the utilitarian-responsibility 
type. There students mostly emphasized that people are responsible for the 
health of their children. And thus genetic testing and germ cell therapy 
should be used to diagnose hereditary diseases. 
About 1 O % of ali arguments were utilitarian-economical in orientation. 
Sorne students emphasized that it would be cheaper for the whole society if 
hereditary diseases could be diagnozed in time and if transmission could be 
avoided. Sorne students formulated that it is better to know if you have a 
hereditary disease or not. Then if you are affected it would be possible to 
take out insurance and to save money for the nursing up . 
Only a small number (Ex. I: 1 O, 1 % and Ex. I: 8%) of arguments were of the 
deontological type. Mostly students referred to this type of argumentation 
when judging on prenatal testing and the possibility of an abortion. Here 
argumentations students emphasized that an abortion, following prenatal 
testing, would be against the human right to live or against god 's will for 
human beings or against the course ofnature. 
It can be summarized that the students of both experimental groups preferred 
utilitarian thinking when making ethical judgement about gene technology. 
It is striking that the students formulated only very few arguments which 
belonged to the deontological model. This means that the students of both 
groups had difficulties to consider both ethical traditions in a balanced way 
when judging on gene technology. 
After the intervention in school the students of both groups had improved 
their ethical argumentation. Improved means in our research that students 
turn from one-sided argumentation on gene technology towards a more 
differentiated way of arguing. The more students consider both ethical 
traditions in a balanced way in their argumentation, the more qualified the 
moral j udgement is. And the greater their ability to consider different ethical 
subcategories of the main ethical traditions, the more developed the moral 
judgement is. Our aim is not to change the students'ethical position from 
utilitarian to deontological or vice versa. We don ' t wish to make 
deontological Kantians or Benthamit utilitarians of them ali. Instead our 
interest is focussed on the question whether students have differentiated their 
ethical reasoning by considering more ethical perspectives ofthe dilemma. 
The students in the experimental group I whose hopes and fears were 
considered during the intervention in school have improved their ethical 
argumentation more than the others because they did not considered mainly 
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one ethical tradition-the utilitaria and one ethical subcatgegory-utilitarian 
welfare. Instead of this they considered the utilitarian and the deontological 
ethical tradition in a more balanced way. The results demonstrate that after 
intervention the group I students referred less to utilitarian-welfare 
argumentation and to utilitarian- economy argumentation than they had in 
the preinterview. Instead of this the students used more utilitarian arguments 
which emphasized the responsibility of involved persons and strikingly more 
arguments of the deontological type of reasoning. The students used twice as 
much deontological argument with human dignity as the guiding value than 
before the intervention in school. The students also formulated far more 
arguments in which nature or the sacrosanctity of an animal or god is the 
absolute value. Ali in ali it has been analyzed that the students of the 
experimental group I considered deontological arguments more than twice as 
much as at the beginning of the research. This result demonstrates that after 
the intervention the students considered both ethical categories in a more 
balanced way than before when judging on gene technology . They 
differentiated their ethical reasoning by referring in their argumentation to 
more than one just one ethical tradition and by referring to more 
subcategories than before. 
In comparison , the students of experimental group II also improved their 
ethical argumentation on gene technology as well but not as much as the 
students of the experimental group l. The students of experimental group II 
also considered more deontological arguments in their decision than at the 
beginning of the research but not as much as the students of experimental 
group I. 
It is striking that the students of both groups considered the utilitarian
welfare arguments less in their judgement after the intervention in school. 
Instead of this both groups considered more utilitarian-responsibility 
arguments, deontological arguments which referred to human dignity and 
holiness. This result shows the tendency that the students of both groups 
tended to improved their ethical argumentation in two ways: 
• they turned their mainly one sided argumentation towards a more 

balanced argumentation by considering both ethical traditions in a more 
balanced way 

• they put more emphasise on responsibility and the principies of human 
dignity and holiness of god or sacrosanctity of an animal 

It is interesting that parallel to the way of argumentation the acceptance of 
the presented application of gene technology changed a little. After the 
intervention in school the students were able two consider more si des of this 
issue . As a consequence students did not became absolute opponents of gene 
technology but were able to judge gene technology in a more critica! and 
balanced way. 
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Preinterviews 
Group ur uw ue phd oh Dll D u 
Exl 21.7 53.6 14.6 8.0 1.4 0.7 10.1 89.9 
Exll 24 57.7 10.3 5.7 0.6 1.7 8 92 

Postinterviews 
Group Ur uw ue Phd oh pn p u 
Exl 29.7 40.1 6.3 19 2 2.9 23.9 76.1 
Exll 34.3 41.0 13.0 9.6 1.3 0.8 11.7 88.3 

Answers to the research questions 
1. Is the division into two main ethical traditions (deontological and 

utilitarian) suitable to register and assign all arguments which students 
formulate in their ethical argumentation on gene technology? 

By analyzing the interviews as described we found out that the division into 
the two main ethical models is suitable to register and assign all arguments 
of the students in an adequate way. The method allowed us to consider all 
ethical arguments and not focus exclusively on arguments which were 
related to justice or care as described in Kohlbergs' methods (1986). 1t 
would be interesting to explore out in a further study if our method is also 
suitable to analyze arguments on altemative bioethical topics. 
2 . Which ethical tradition do students prefer in their argumentation before 

and after the intervention in school? 
It was striking that the students of both groups preferred the utilitarian way 
of thinking when first questioned. After the intervention in school both 
groups still mainly argued from the utilitarian point of view but they 
improved their argumentation in that they considered the deontological 
point of view more then before. 
3. Is it possible to improve the ethical argumentation of students by an 

intervention in school (improving means that students take both ethical 
traditions into consideration in a balanced way when arguing on gene 
technology)? 

It was striking that the students of experimental group II had greater 
difficulty considering both ethical traditions in a balance,d way than the 
students of experimental group I who had been highly affected during the 
intervention in school. 
This result demonstrates the tendency that the consideration of students' 
hopes and fears in biology teaching can be effective for improving ethical 
argumentation on gene technology. However given the small population of 
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our research further research is necessary to confirm this first result and to 
find out if the ethical argumentation of students can also be improved with 
respect to further ethical themes of biology teaching like organ transplants, 
reproduction medicine, animal experiments and environmental problems. 
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RELEV ANT KNOWLEDGE IN DECISION MAKING ABOUT THE 
ENVIRONMENT: A CASE STUDY 

Abstract 

Cristina Pereiro Mu11oz & María Pilar Jiménez Aleixandre 
Universidade de Santiago de Compostela 

Decision-making and the criteria considered when choosing one path or 
action is one of the capacities sought to be developed in environmental 
education . A case study is presented on the knowledge - concepts, issues, 
relations- considered by secondary school students working on an 
environmental management problem about which they have to reach a 
collective decision. Environmental education is a matter of values, of 
attitudes and behaviour, but in our perspective the development of values 
and attitudes should be founded on relevant knowledge. A real change in the 
value system of students should be supported by knowledge, by the 
understanding of the consequences of careless behaviour towards the 
environment or, as here, by assessment of different alternatives for 
environmental management. 
This paper is part of a project about the relations between argumentation and 
concept learning. Participants are High School students in 3º BUP (11th 
Grade) and their teacher (first author), working on a real issue about water 
drainage in a wetland . Students were videotaped and audiotaped, and the 
transcriptions were analysed by means of discourse analysis. The problems 
explored are : which elements of the situation are viewed as relevant by the 
students, and which relationships are established by them among their 
conceptual knowledge and the decisions about the environmental 
management. Selected fragments from the transcription are discussed, 
showing that the students take a fair number of elements into account, not 
only the obvious such as animals or plants, but almost the same that would 
be used by experts. Instances of how they establish relationships between 
conceptual knowledge and decisions are discussed. The implications for the 
importance of problem-solving in Environmental Education are also 
outlined. 

1 Knowledge, values and decision making: background and objectives of 
the study 
Decision-making and the criteria considered when choosing one or another 
path or action is one of the capacities sought to be developed in 
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environmental education. In this paper a case study is presented on the 
knowledge -concepts, issues, relations- considered and applied by a group 
of secondary school students working on a problem related to environmental 
management about which they have to reach a collective decision. 
Environmental education is a matter of values, of attitudes and behaviour, 
but in our perspective the development of values and attitudes should be 
founded on relevant knowledge (López Faca! 1999), otherwise the risk is 
that an apparent change in the value system of students turns out to be little 
more that a slogan learned for school purposes and soon forgotten. 
For Pérez- Echevarría and Pozo (1994) the efficiency in solving problems 
considered as a general skill, depends on the availability of appropriate 
conceptual knowledge and on its activation. In the field of Environmental 
Education, if solving environmental problems and decision-making related 
to this resolution has as a goal to promote behaviour for the environment, it 
must be founded also in the availability and activation of appropriate 
conceptual knowledge. In our opinion a real change in attitudes and 
behaviour should be supported by relevant knowledge, by the understanding 
of the consequences of careless behaviour towards the environment or, as in 
the case studied here, by the careful assessment of the different alternatives 
for environmental management. 
The relationship among concept understanding and environmental attitudes 
is supported by different research studies. For instan ce Benayas ( 1992), 
exploring the cognitive schemes of landscape interpretation in University 
students, found that the ones which had cognitive schemes of greater 
complexity and variety tended to choose in a higher proportion rural or 
autochthonous landscapes and to reject scenarios including human 
intervention or presenting exotic plants or animals. On the other hand the 
ones with poorer schemes didn 't exhibit this pattern. In a comparative study, 
also with University students from different disciplinary fields, Moore 
(1981) found that the ones assigning more importan ce to the need for taking 
steps about saving energy were these who had a higher degree of 
information about the problems related to energy resources and the 
consequences of its careless management. 
The application of knowledge to situations different from the context where 
it was learned, the transference, is a goal for every educator. As Milá and 
Sanmartí ( 1999) point out, if transfer is an important issue when learning in 
any domain, the need for transferable learning is more acute in 
environmental education, because of the impossibility of dealing in the 
classroom with ali the environmental issues. Only a few questions and 
problems can be chosen to work with them, but the objective is the 
mobilisation and application of knowledge, so it became available when it is 
needed in other issues. It follows that the question of choosing one (ora few) 
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particular problem must be carefully considered. For Bernáldez, Benayas 
and De Lucio (1987) it is crucial to organise the environmental education 
tasks around the interests of the students. Their point is that a specific 
motivation gives greater stability to the knowledge acquired, enabling the 
articulation of cognitive schemes structured around the conceptual 
knowledge of the leamer. 
In arder to achieve a greater motivation, in the study presented here the issue 
corresponds to a real problem: the planning and implementation of a project 
of drainage and cleaning affecting a river basin which has inside a part with 
the status of protected area of natural interest. To promote the students' 
interest the unit asked their involvement in the problem: they had to assess 
the impact of the project, which at the moment was in the phase of public 
information and discussion, and write a report about it. The unit is discussed 
in detail in Jiménez, Pereiro and Aznar (2000). 
In a review about what counts as Science education and the different 
emphases given by different curriculum proposals, Roberts (1988) points 
that if the emphasis is Science, Technology and Decisions, the view of the 
Iearner corresponding to it is of one who "needs to become an intelligent, 
wi!!ing decision-maker who understands the scientiflc basis far technology 
and the practica! basis far defensib!e decisions" (Roberts, page 45). This 
connection between decision-making and scientific understanding in 
learning is also discussed in an interesting paper by Ratcliffe (1996), and for 
her involves three related strands: 

• Developing appropriate skil ls, including information processing and 
analysis. 

• Understanding relevant science 
• Recognising personal and societal values 

We agree with Ratcliffe in the need of recognising the importance of these 
three dimension in decision-rnaking, in other words the connection between 
the skills, the concept understanding and the values. This raises the question 
about if it is appropriate, in this school context, to talk about decision
making. Although it would be more precise to talk about opinion fom1ation, 
given that decisions are directly related to actions, in educational literature, 
as the study by Ratcliffe, problem-solving involving assessment of different 
choices is referred to as decision-making. 
It could be useful, in order to analyse the steps taken by the students, to use 
as a too) Kortland's (1996) proposal about possible routes for decision
making, that he represents in a concept map, reproduced in figure 1. In it 
great relevance is given to the development of criteria for evaluating the 
different altematives. 
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Figure 1. Kortland concept map for decision-making 
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Using Kortland's frame we sought to identify the steps taken by students 
while solving the environmental problem during some of the seventeen 
sessions of the unit. 
This paper is part of project RODA, carried in the University of Santiago de 
Compostela, which explores the relations between argumentation and 
reasoning and concept understanding in secondary school. Our interest 
focuses in natural discourse occurring in the science classroom rather than in 
responses obtained by means of a questionnaire or interview. The project 
intends to explore the relations among the processes of reasoning and the 
learning of science. As Zohar and Nemet (2000) show the development of 
argumentative skills is also related to an improvement in science learning. 
The research questions explored in it are: 
• Which elements of the situation are viewed by the students as relevant 
for taking a decision about environmental management in a wetland? 
• Which relationships are established by them among their conceptual 
knowledge and the decisions about environmental management? 
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In the next section the methods and participants are briefly presented, then 
the results, in ten11S of the concepts applied by the students at different steps 
are analysed; finally sorne educational implications are discussed. 

2 Methodology and educational context 
The participants are students in 3° BUP (11th Grade, ages ranging from 17 to 
21 years) from the night shift in a High School in Vigo (Spain), enrolled in a 
Biology and Geology course and their teacher (first author). The unit about 
environmental management makes part of their regular coursework. They 
were asked to work in a real problem about water drainage in a wetland, 
assessing the impact of a project which involves building a pipe across the 
wetland and producing a report about the convenience of the pipe and, if this 
was the case, offering alternative solutions(Jiménez, Pereiro and Aznar 
2000). 
The unit was designed with the purpose of developing the students' capacity 
of analysing and processing information in connection with the problem, and 
at the same time the problem was intended to require the application of 
severa! concepts learned, relevant to its solution. Along the seventeen 
sessions of the unit the students were working in small groups, which were 
rearranged according to the task. The problem is complex, as environrnental 
problems usually are , involving different perspectives, severa! aspects to be 
studied and having also severa! possible alternatives and not a single 
"correct" solution. At the beginning, there were six groups (Groups G) 
working in reports about selected aspects of the problems, plants, geology, 
drainage project etc. Then, using the Jig saw technique, they rearranged the 
six groups (Groups J), so in each group J there was one student from each 
group G, thus merging ali the aspects of the problem by means of reciproca( 
teaching. Each student had to summarise for the new colleagues the report 
from her or his original group. Then each J group had to independently 
organise the work in order to reach a conclusion about the evaluation of the 
project, write a report about it and finally discuss it in the whole class, which 
was acting as a community of leamers. 
Students were videotaped and audiotaped, and the transcriptions were 
analysed by means of discourse analysis. Data collection includes also field 
notes by an observer and students' productions in portfolio format: responses 
to subtasks, notes and final reports, drawings, maps etc. The transcriptions 
were analysed trying to document the elements mentioned by the students : 
concepts, terms, etc. and the relations established by them as compared to 
the elements and relations that experts would locate; other dimensions as the 
epistemic and procedural operations belonging to scientific culture were also 
studied. 
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3 Results: combining ecology, technical information and the idea of 
impact 
There were a number of concepts and relations mentioned and discussed by 
the students, showing that they considered them relevant for the problem. In 
our opinion, most of these concepts could be clustered in three areas: 
ecological knowledge, technical information and landscape impact. These 
three areas and sorne of the more important ideas related to them in the 
students' discussions are represented in figure 2. 

Figure 2. Conceptual knowledge relevant for the students 

ECOLOGICAL 
KNOWLEDGE 
The wetland requires a 
regular water flow 
Ali the ecosystem depends 
on water : food webs 

Howdo 
they 

relate? 

LANDSCAPE 
IMPACT 

TECHNICAL 
INFORMATION 
Undergroud pipe 
water channelled into pipes 
projected layout 

The analysis intends not only to document the mentions to these concepts, 
but also to understand how do they relate each area to the other and in which 
way this knowledge influenced their decision. 

Ecological knowledge 
For sorne groups one of the most important issues is water. Not ali discussed 
the water issues with the same meaning; for instance it is different for groups 
Jl and D: in group Jl, the most relevant question is that in a wetland, like the 
area studied is, the water flow must be regular and not diminish, otherwise 
the ecosystem balance would be at risk. 
Group J 1, session 15 
6 Alfonso: Because it [the drainpipe] would destroy ali the landscape, but 
also ... 
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9 Alfonso: No, not the drainpipe! Not the drainpipe, the purifying plants 
would do it, located in ... just there, el ose to the industries exit. 
( . .) 
14 Alfonso: But because the purifying plants go where the industries are, 
that is, the drainpipe only carries the water to, to river Miño. 
16 Alfonso: lf they channel the water ... it would be less [the water flow J 
Group JI, session 15 
38 Alfonso: (. . .) the little ·water remaining they want to channel into the 
pipe, it is polluted, they want to clean it and channel it, but if they clean it: 
What is the pwpose to channel it? Why don 't they /et it jlow and fi l! the pond 
again? 
Here it can be seen a sophisticated connection established by Alfonso among 
the technical features of the project (channelling of the water) and the need 
of a regular waterflow for the wetland. 
But, on the other hand, for Group D, the most important issue is the situation 
of the water in terms of its pollution or cleanliness, because if the water is 
polluted, then the species living there wouldn't be able to survive. 
Group D, session 11 
269 Denís: What we have to prove is that these particular species depend of 
the water .. 
The students in the two groups are talking about quantity and quality of 
water, two key issues in keeping the system going. Both discussions mean a 
high degree of elaboration about the concept of ecosystem and about the 
connections among the different variables that could be manipulated. On a 
different leve!, when Denís says "we have to show that al! the ecosystem 
depends on water", he is showing that knows something about arguments, 
and that he is placing the water in the highest position in the hierarchy, 
subordinating to it ali the ecosystem as well as its important features. 

Landscape impact 
One of the terms that presented greatest difficulties for the students in the 
first sessions, when the problem was introduced to them, was "impact". But 
later, sorne as Antía, show that they have appropriated the concept and are 
able to use it: 
Group A, session 1 O 
90 Antón: ... Forty thousand square meter the ... the marshes ... of a meter 
anda half of depth. 
93 Antía: Look, this one they remove it ... Does it affect to landscape? 
Wouldn 't be about impact? 
( ... ) 
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95 Antía: It says here: how much land it would occupy ... Jt affects to the 
landscape: Doesn 't refer to impact? 
96 Antón: The building works. Sure, the land the works would take. 
97 Antía: OK 
100 Antón: The question is ... everything is related ... al! these things. 
1 O 1 Antía: (to Ana, who is writing) Write there: affects to the landscape. 
It can be seen that Antía is assessing the size of the land that would be 
affected by the drainpipe and how this means an impact on the landscape. 

Technical features of the project 
The project involves burying a pipe of almost two meters of diameter along 
the wetland, what means removing the land and the seasonal pond. The 
meaning of burying a pipe in a natural area, very different of doing it in a 
city street, is not understood at the beginning, but sorne students realise it 
when discussing the project: 
Group GA, session 7 
236 Ana: Underground (the pipes) and ... they are of concrete. 
( ... ) 
242 Aldán: Here it says: two meters ... (the diameter ofthe pipe) 
243 Teacher: Almost two meters. 
( ... ) 
258 Aldán: Same as the gutters, more or less. 
( ... ) 
264 Aldán: Damn it! To bury it, man, they would have to destroy ali the 
ecosystem! 
Aldán is realising what would happen when the pipe is buried and a security 
zone without plants on both sides of it established. This shows that he is able 
to establish connections among the technical features of the project 
(material, size, diameter, location) and its consequences for the ecosystem. 
These instances from the transcription, when the students were trying to 
decide in which issues to focus, and how to reach decisions, show, in our 
opinion that they take a fair number of elements into account, not only the 
more obvious such as animals or plants, but almost the same that would be 
used by experts, for instance: state of the ecosystem (the wetland); plants and 
animals, particularly endangered species; status of the area; water and noise 
pollution; the projected drainpipe, its layout, impact of the building works on 
the area or the purifying plants. 

4 Results: steps in decision-making 
Different steps in the process of decision-making, according to Kortland 
( 1996), can be followed through the transcriptions. 



Relevan/ knowledge i11 decision 111aki11g about rhe e11 viro11111e11t: a case study 
Pereiro Muiio=. C. & Ji111é11 e= A leixandre, M. P. 

Identifying problems: evaluating consequences 

285 

This is, according to Kortland, the first step and it must be noted that 
identifying the problems is not always easy for students. Some instances 
could be the realisation by students of the consequences of building the pipe, 
in terms of the evolution of a mature ecosystem: 
Group J-1 , sessionl 7 
37 Caio: We believe that the drainpipe should not be built, because it would 
mean a great disaster far the environment and the area would be damaged 
and as a consequence it wouldn 't be a mature ecosystem but it would be an 
ecosystem at the beginning of its evo/ution 
He values that the alteration of the area is going to take the ecosystem back 
to the first steps of the succession, causing its regression. This evaluation 
means a high degree of elaboration, showing an understanding of the 
complexity and richness of the interactions, niches, relationships and balance 
in a mature ecosystem. 

Generating alternatives 
A second step is the generation of different alternatives, and the more 
complex and close to the real world a problem is, the more different 
altemative solutions can be offered. This variety difficults the choice and, in 
this problem the six groups offered not just positive or negative assessments 
about the convenience of building the pipe, but also altemative solutions for 
cleaning the river without so great an impact for the wetland. One of these is 
the idea, from group JI about locating the purifying plants close to the 
industries: 
Group Jl, session 15 
17 Edu: I believe that if they would clean, if the water would be purified 
then: what is the purpose of building the pipe? 
Edu, from the same group that Alfonso, is recognising the importance of 
Alfonso' s claim about the diminishing water flow into the wetland, once it 
will be channelled in the pipe, and this agreement leads to questioning the 
purpose of building the drainpipe (and to the alternative of severa! purifying 
plants). 
Group 12 generates a different altemative: another layout for the drainpipe, 
one that is not so threatening for the environment. This alternative, of going 
back to the first draft of the projected layout, where the pipe was located 
around the pond and wetland, not across them, was supported by the 
environmental organisations in the pleas presented to the project. 
Group 12 , session 16 
21 Beg011a: Instead of bumping of the ... a rea, driving the pipe there and 
destroying the ecosystem ... these pipes, laying them in a different place. 
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Evaluating alternatives 
Once there is generated a variety of alternatives, the next step is to evaluate 
them, their advantages and drawbacks. For instance, Group Jl is discussing 
what happens to the water flow arriving to the pond (because of the 
industrial area near it) and what would happen now if the project is 
implemented: 
Group Jl, session 15 
34 Fito: You know, because of the industries the water jlow arriving to the 
pond decreased, and with this is the pon d. .. is going to have no water at 
ali ... . 
( ... ) 
106 Edu: The birds will go away. .. 
107 Alfonso: Damn it! The birds arrive and they see a couple ofpools ... 
108 Fito: A mass migration, and they go back 
115 Brais: The birds which migrate to this area, they arrive and ... they break 
the migratory route 
( ... ) 
115 Brais: Yes, there would be no place to nest. 
After Alfonso and Fito point that the pond would have no water, Brais draws 
one consequence for the birds (the wetland is an important area for birds, 
with more of 120 species recorded there, about a half of them migratory), 
connecting the works for burying the pipe with the difficulties for nesting. 

Making decisions 
In order to choose an alternative or solution, the students have to take into 
account not only scientific evidences, but also value judgements, like in the 
decision ofDenís from Group A: 
Group A, session 11 
112 Denís: it is an ecosystem of particular interese because there are species 
in danger of extinction, unique species (..) ali these species depend directly 
or indirectly on the water ... if they continue with sewage ... they would die 
or not existing anymore 
( ... ) 
116 Denís: on the other hand the drainpipe would destroy part of the 
ecosystem and it would damage also the species .. . so another alterna ti ve 
would be needed. 
This argument is supported by warrants referring not just to scientific 
evidence; "i t is an ecosystem of particular interest" is rather a val u e 
judgement about the area and it influences his decision: if the drainpipe is 
built in order to solve the problem of the pollution caused by sewage, but its 
building means the destruction of part of the ecosystem, it is not an 
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acceptable solution . The drainpipe is considered here an impact for the 
ecosystem. To save it another solution must be generated. 
The weighing of evidence and values could also be followed in other groups. 
In Jl Alfonso and Brais share the opinion about the purifying plants: 
Group Jl, session 15 
126 Alberto: The shit ji-om the towns would go there 
127 Dora: listen! This word shouldn 't ga ... 
128 Alfonso: / believe that they shauld !acate !he purijj1ing plants there, far 
the sewage aj the tawns. 
129 Brais: Purifying plantsfar the sewage afthe tawns. 
This group is making a judgernent, not only about the sewage frorn the 
industries, but about the black waters frorn the towns, recognising that 
everybody, ali of us and not only the industries are responsible of river 
pollution. That is why they propose building purifying plants befare the 
points where the sewage from the towns and industries goes into the river. 
This would salve the pollution, as the water would be clean and also avoid 
the decrease in the water flow and the risks for the wetland. The awareness 
about our own contribution to pollution is not a matter of fact, as most 
students (and grown ups) are happy to put ali the blame on the industries. 
The analysis of the steps taken by the students shows how they resorted to 
conceptual knowledge and applied it to the task, using the knowledge to 
found the evaluation of the alternatives and, finally, making also value 
judgements, choose one. 

5 Discussion and educational implications 
Attitudes and values have a paramount role in environmental education. The 
importance accorded to values in it may be the reason why sorne proposals 
treat value development as if it could happen "disembodied" from school 
knowledge. On the contrary, our perspective is that working with the goal of 
developing values in schools cannot rely on activities or tasks -whatever 
they are, lectures, reading, role-play- centered solely on attitudinal 
dimensions. Students can leam what do they have to answer, what attitude to 
exhibit, in order to fit the expectations of the teacher; and no doubt some 
activities and experiences may develop in them new attitudes and wishful 
thinking. But if the objective of environmental education is the development 
of a solid attitude, with sound basis, and transferable to out-of-school 
contexts, then the values development needs to be related to understanding 
of the complex conceptual issues in volved in environmental problems. Other 
authors, like Keiny and Gorodetzky (1992), Benayas ( 1992) or Moore 
(1981) have discussed the relevance of this conceptual understanding for 
environmental education, showing relations among knowledge and attitudes. 
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In our research this issue is explored, not by means of comparative study, but 
trying to identify the particular concepts used by students and the 
relationship among the concepts and the decisions taken. The results show 
that the students in this classroom constituted a knowledge-production 
community, combining ecological concepts such as impact, wetland or water 
flow, with technical information about the project they had to evaluate. For 
reaching the decision in the final step of solving the problem, they had to 
apply the conceptual knowledge, as, for instance, in group JS , when they 
discuss the effect of the drainpipe on the animals and plants through the 
destruction of their habitat, which shows an understanding of the complexity 
of relations in ecosystems, well beyond of the simplistic views of many 
pupils who perceive only direct threat to species. 
But the decisions were not made depending only on conceptual 
understanding or scientific evidence: value judgements played an important 
role, by assigning higher hierarchy to ecological values over economical 
ones (the cost of one or another project), or by discarding a position because 
the damages were perceived to be greater than the benefits. We believe that 
the problem-solving context of the task, involving the students in authentic 
activities, of a similar character of the tasks performed by experts on the 
field, facilitated an integrated work with concepts and values. This 
integration should, in our opinion , be one of the cornerstones of 
environrnental education in the school. 
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COMPARISON OF THE IMPACT OF A ROLE-PLAY ANO A 
CONVENTIONAL DEBATE ON PUPILS' ARGUMENTS ON AN 

ISSUE IN ANThfAL TRANSGENESIS 

Laurence Simonneaux 
UP - Ecole Nationale de Formation Agronomique de Toulouse 

This paper compares the impact of a role play and a conventional discussion 
on pupils argumentation on an issue involving animal transgenesis. Pupils 
were confronted with an imaginable but fictional situation. They had to 
decide whether or not to approve a giant transgenic salman farm being set up 
in a seaside village. Pupils received the sarne teaching and information, the 
only differences being in the debate situation. 
Pupils were asked to reach a decision on well-argued grounds, to identify 
areas of uncertainty and to define the condition or conditions under which a 
change of view might be considered. They had to write them down . Pre post
test were used to assess the pupils' opinions. The role play and discussion 
were all videotaped and audiotaped, and transcribed in full. 
Our analysis facuses on the argumentative structure of the pupils' discourse 
and identifies the reference areas that pupils draw on to deliver their 
arguments . The theory on economics of "grandeur", which has recently 
emerged as a framework far the sociology of justification, has also been used 
in analysing pupils' discourse. 

1 Introduction 
Biotechnology applications raise questions in severa! areas, including ethics, 
sociology, economy, ecology, regulation and politics. Debates often lead to 
moral dilemmas beca use of uncertainties as to the risks in volved. 
Our aim is to help pupils to contribute to the debates, to understand that 
making decisions can be complex when there are important social issues 
involved - economic, ethical and so on. 
Pupils placed in a situation in which they have to argue their case are more 
likely to appropriate the knowledge they cal) on to do so. 
This kind of situation generates difficulties far pupils. During argumentation, 
they are potentially in situation of inter or intra subjective conflict. And they 
are not used to debate in schools activities. It generates difficulties far 
teachers too. They have to change position to become manager of debate 
instead of being 'those who know'. 
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Our aim was to assess the impact of an educational strategy that was 
unfamiliar to teachers on the way pupils come to decisions: the performance 
of a role play (variant 1) and comparison with a conventional debate (variant 
2) on the same topic (animal transgenesis). 

2 Rationale 
Argument is a crucial aspect of scientific education (Kuhn, 1993). According 
to Driver and Newton (1997), ' if science is to be taught as socially 
constructed knowledge then this entails giving a much higher priority than is 
currently the case to discursive practices in general and to argument in 
particular '. Several recent studies have addressed the question of students' 
arguments on the subject of what is sometimes called "the new genetics" 
(Waarlo, 1998, Zohar and Nemet, 1998, Lewis et al., 1999). 
Sorne authors hold that argument is an integral part of present-day 
communication, originating in classic rhetoric (Breton, 1996). Others deal 
with the subject from a linguistic point of view (Adam, 1992). Others again 
address argument at severa! different levels in science teaching: as a means 
of improving the understanding of concepts, promoting a better grasp of 
epistemology in science, developing investigative skills (particularly in 
practica! work) , or improving the quality of decision-making on socio
scientific subjects (Geddis, 1991, Solomon, 1992, Ratcliffe, 1996, Driver 
and Newton, 1997, Jiménez-Aleixandre et al., 2000a, 2000b, Duschl and 
Ellenbogen, 1999, Mortimer and Machado, 1999, Osbome, 1999). 
A new approach in science education discusses the role of rhetoric in 
teaching and learning (Duschl and Ellenbogen, 1999, Martins, 1999, 
Mortimer and Machado, 1999, Osborne, 1999). Despite a vigorous anti
rhetoric tradition, this approach emerged from analyses of observations in 
the classroom which show that dialogue among students draws on a great 
deal more than demonstration or explanation - hence a need for rhetoric 
analysis. These studies on rhetoric in science analyse, inter alia, the 
strategies used in argument and the social procedures, which come into, play 
in the validation of scientific knowledge . Os borne ( 1999) expresses surprise 
at the apparent lack of interest for rhetoric and argument among science 
educators, even though these are core aspects of scientific practice . 
According to Geddis (1991) and Driver et al. (1996), this is a significant 
omission which has had a major impact on science teaching, as it tends to 
give the wrong impression of the way scientific knowledge is built up. 
Advances in science are driven by debate and disagreement: there is 
therefore a need to understand the role of controversy in modern science, and 
its rhetorical functions in handling uncertainty (Osborne, 1999). Analyses of 
argumentation in science education thus also aim to encourage students to 



Co111pariso11 ofthe impact o/ a role-play a11d a co11 ve11tio11al debate 011 p11pils' arg11111 e11/s ... 293 
Si11101111ea11x, l. 

develop a critica! approach to scientific statements on the repercussions of 
biotechnology applications. 
Studies on argumentation in science education also draw on research in 
linguistics. Working from a theoretical typology of text sequences, Adam 
(1992) defines severa! prototypes: narrative, descriptive, argumentative and 
explicative sequences, and dialogue. 
The following shows how Adam (1992) defines his prototype argument 
sequence. The pattern of the argument rests on linkages that are made 
between data and a conclusion. These linkages may be implicitly or 
explicitly supported (by the guarantor and the material) or opposed (by 
refutation or exception). Conscientious readers or interlocutors will be 
attentive to linguistic clues, which lead them to expect sorne kind of 
argument. Whether a discourse is argumentative or not may be confirmed by 
an analysis of micro actions in language (e.g. promising, stating or 
questioning) and argument connectors (although , but, so, etc .) From the 
point of view of the cognitive treatment of a text, it seems that the 
understanding of schematic prototype representations that subjects develop 
over time has an impact on the way they store the information they have 
considered while coming to grips with a discourse , and on the way they look 
for blocks of information by a process of anticipation (Adam, 1992). 
Analysing the argumentative structure of pupils' discursive reasoning and 
identifying the fields of reference they drew on to produce their arguments 
did not bring out a full meaningful pattern in the data collected. Pupils' 
values were difficult to be taken into account. This is why we used the 
"économies de la grandeur" theory as a framework, which may be translated 
into English "economics of importance". 
This theory, sometimes also called "economics of consensus", "économie 
des conventions" in French, or "sociology of justification", has emerged only 
recently and is still being developed, but it has already rnade its mark on 
numerous studies in sociology and economics. It first appeared as a new 
theoretical and methodological paradigm in a work by Boltanski and 
Thévenot (1991 ), entitled "De la jusriflcation. Les économies de la 
grandeur" . 
The authors consider that there are severa! "worlds" in which action takes 
place and where people cal! on various skills to cope with their undertakings. 
This implies that human actions are structured around principies of 
justification, commitment and criticism. The sociology of justification is a 
study of discussion and debate. The crucial point in justification processes is 
the "orders of importance", "états de grandeur" in French, that are attached to 
objects of debate. Agreement between those involved in a debate becomes 
possible when there is a consensus on these orders of importance. 
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In attempting to achieve a consensus over the perceived order of importance 
of sociological objects, societies draw on política! metaphysics, which are 
themselves based on political philosophy and political physics. Political 
philosophy helps to highlight the values (or orders of importance) recognised 
in a society. Political physics sets up rules and laws which are inscribed into 
what the authors call a "political grammar" and which define an order of 
things in each "city". To identify the rules in different "cities", Boltanski 
and Thévenot have returned to the "topical tradition" (from topoi": places) 
and the place of rhetoric (where arguments are found) as defined by Plato, 
Cicero and Aristotle. They have drawn on the "canonical texts" which they 
believe make up the political philosophy of each "city". They have thus 
brought philosophical texts into the test-bed of the sociologist, making it 
possible to exploit semantic usage and the philosophy of language to clarify 
the discourse ofpeople in empírica! situations. 

"Cities" a11d " worlds" 
Boltanski and Thévenot then attempt to define the different "cities", though 
without claiming to be exhaustive. A "city" is defined by a set of 
conventions and rules that are recognised by each of its members, and 
represents a theoretical model built up from classic works on political 
philosophy. The concept of a "common world" bridges the gap between 
philosophical and political thinking and pragmatic action. 

The "world of inspiration" 
The political philosophy that serves as a reference for the "city of 
inspiration" is identified in the work of Saint Augustine. The true greatness 
of such a city rests on grace (faith), and is opposed to any quest for glory, 
fame or other form of human dependency. In such a city, imagination, 
mystery, originality and the invisible are the highest orders ofimportance. 

The "domestic world" 
The underlying philosophy here is drawn from the writings of La Bruyere 
and Bossuet. Rules are based on reputation and custom. There is an 
emphasis on the gradual accumulation of qualities through learning and 
proximity. Fidelity in relationships over time, good will and trust are the 
foundations of consensus. 

The "world of opinion" 
Here, the worth of a person is established through the op11110n of others. 
Boltanski and Thévenot draw in this case on the writings of Hobbes, the 1 ?1h 
century philosopher whose thinking was devoted to the definition of honour. 
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The truth of an individual 's worth cannot be brought into question when it is 
recognised by others: 'celebri ty creates worth'. 

The "world of civics" 
To identify the values underlying this "city", the authors refer to Rousseau 's 
Social Contract. The sovereignty of the "city" as a whole is disincarnate and 
depends on the will of ali its members. 
The value of individuals lies in their belonging to a collective being of 
greater importance. Collective values are instrumentalised and greater than 
individual interests, with democracy being the most appropriate order of 
importance. 

The "world of trade" 
Orders of importance here are drawn from an analysis of the work of Adam 
Smith. Competition between economic players, through markets, promotes 
an optima( use of resources and thus contributes to the overa!! good of 
society. Profits are legitimate, and any obstacle to freedom of circulation is 
prohibi,ted. Quality is assessed through prices. 

The "world of industry" 
As developed by Saint-Simon, the political philosophy of the industrial 
"city" defines utility as the responses made in order to satisfy needs. The 
recognised order of importance rests on performance, methods, etc. Material 
investment has a predominant role. Methods of operation are highly 
instrumentalised, and rules and regulations, standards and technical 
constraints, have an important place. Standardisation of quality is at the core 
of the "world of industry". 
Pupils' conceptions on biotechnology may be rooted in different worlds, and 
they may attach different orders of importance to them. Biotechnology is an 
area that is particularly liable to arouse debate. Whereas in the field of 
biology education, there is little basis for identifying the orders of 
importance attached to some areas of knowledge being taught (the cell, for 
example), this is not the case for other topics such as evolution, sexuality or 
innate vs. acquired characteristics. However, it is always to the point where 
biotechnology teaching is concerned. Orders of importance indicate the 
foundations of pupils' conceptions. 

3 Devising the role play 
As members of the European lnitiative for Biotechnology Education (EIBE), 
we are working on ways of developing the content of biotechnology 
education for the purpose of teaching today's pupils, as future actors in the 
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21 st century. The EIBE is a group of experts in biotechnology education 
from 17 European countries working under the aegis of the European 
Commission. We have thus been contributing to the development of a 
teaching document on animal transgenesis. The document comprises three 
modules . The first focuses on the production of transgenic ewes secreting a 
human enzyme in their milk for therapeutic purposes (alpha 1-proteinase 
inhibitor) - the ewe called Tracy symbolises the concept of producing 
transgenic animals as live fermenters of recombinant proteins. The second 
module deals with the production of transgenic mice expressing oncogenes 
to be used as models for cancer studies. The third focuses on transgenic 
animals in livestock breeding. Most of the goals of animal transgenesis are 
medica! or zootechnic. In view of our mandate, the design of the latter 
module was entrusted to ENF A. 
A preliminary choice then had to be made as to the example we would use. 
The types of transgenesis being considered by researchers (though whether 
for the short, medium, long or very long term is open to question, in view of 
the difficulties involved) aim to improve the various types of zootechnic 
performance, including modifications in milk composition (higher protein 
yields, higher cheese-making quality) , genetic vaccination, muscle 
development, reduction of fatty deposits , enhanced use of food rations, 
improved wool growth, acquisition of independence from essential amino
acids in monogastric animals, changes in the composition of body fluids, 
improved prolificity, etc. Few transgenic animals have been born so far but 
experiments are under way. 
We chose to draw on Canadian studies on the production of giant transgenic 
salmon expressing a foreign gene for the growth hormone, dubbed 
"Sumotori salmon" after the Japanese wrestlers (Devlin et al., 1994). The 
value of producing transgenic domestic anirnals to improve zootechnic 
performance is debatable in view of the effectiveness and long pedigree of 
conventional selection methods, but for animals that are closer to their 
natural state , like Salmonids, the benefits could be more spectacular. 
Although we wanted to develop a fictional situation, because of the 
uncertain state of the knowledge in volved, it still had to be realistic so as not 
to reinforce pupils' perceptions of biotechnology as somehow magical and 
all-powerful. 
In preparing the didactic approach, we also had to consider the conceptions 
of those at the receiving end (Simonneaux, 1997a, Simonneaux and 
Bourdon, 1998, Simonneaux, 1999). In line with EIBE objectives, the target 
audience was made up of pupils in scientific and non-scientific secondary 
school education. The preparatory work turned out to rely on decision 
making: choices had to be made, especially on the references to be 
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introduced and on linguistic options (as noted by Chevallard, didactic 
preparation results in the textualisation of knowledge ). 
We explored three different avenues to find and select the contents to be 
presented. First, the bibliographic references in the source publication 
printed in Nature in 1994 led us to the scientific articles published on this 
topic. Through these, we were able to interview the French research teams 
working in this area at INRA, to help us select the information to be 
presented on the Canadian experiment (performance and difficulties with the 
method used) . After this, as we did not want to confine the process of 
didactic transposition to scientific knowledge alone, we decided to include 
professional references. This led us to interview the head of the French union 
of aquaculture breeders (SY AAF) to find out more about the salmon industry 
(especially the comparative importance of farmed and fished salmon, the 
role of fish processors and cooperatives, the state of the market and its 
fluctuations, as well as the opinions of the union and the fish farmers on the 
production of transgenic fish, European and international policies in this 
respect, etc.). This interview provided us with the basis for a realistic, 
contextualised document (two Sumotori salmon farms have in fact just 
begun to operate in Europe). In exploring each of these avenues, we listed 
the economic, ecological, ethical, legal and política] repercussions as seen by 
those concerned. Possible repercussions mentioned in these fields are: 
increasing fish farm productivity, increasing over- production, technology 
transfers to the developing world and famine reduction, ecosystem 
disruption, loss of biodiversity, risks to human health, labelling and 
consumer reactions, patenting life fonns, company monopolies. 
We then decided to use a role-play to "stage" the contents ofthe document. 
This role-play was an exercise in decision making. The pupils were faced 
with a situation that was fictitious but could be readily imagined: they had 
to decide whether or not they agreed with the installation of a Sumotori 
salmon farm in a seaside village. They acted out the roles of people taking 
part in a public debate organised by the Mayor. 
In a seaside village close to a fishing harbour, a fish farn1er, Yann Le Goff, 
is planning to breed genetically modified salmon which grow more rapidly 
and become giant, called Sumotori. The local population is very concerned 
about this project. A group including fishermen, consumers, 
conservationists, and traditional fish farmers formed a committee to fight 
against this project. However, Yann le Goff rallied support from the owner 
of the canning factory and a part of the local council. The mayor decided to 
organise a public debate with specialists in the field. 
The characters are: the fish farmer who wants to open the transgenic fish 
farm, the owner of the canning factory who is interested in the project, a 
traditional fish farmer, a master fisherman, a "with it" media studies student, 
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a gastronome, a fishmonger, a leader of an environmental association, a 
researcher in fish physiology, a member of the Surf Rider Foundation which 
is concerned on ecological issues on the seaside, a young mother who is pro 
organic agriculture, the Mayor, an African Ph D student in biotechnology. 
From the linguistic point of view, choices had to be made on the lexical 
content and the textual register. We tried to adapt the scientific lexicon to 
our target pupils, or in other words, to reformulate the most abstruse lexical 
items. We also asked an economics expert to check both the quality of the 
economic arguments we had collected and the relevance of the economic 
terms used (added value, production costs, productivity, etc.). We drew on 
severa! different textual registers : the historical , scientific and contextual 
references supplied before the start of the role play are in an explanatory and 
descriptive register, while the description of the roles shifts from a 
descriptive to an argumentative register. 
The preparatory didactic work involved a succession of adjustments. The 
didactic transposition process proved to be a process of didactic creativity, in 
which we were creating a unique teaching object by merging forms of 
scientific knowledge that are unstable and open to debate, with different 
aspects of a socio-professional situation. We made a great many adjustments 
in the course of selecting new information (Simonneaux et al., 1997b, 
1997c). 

4 Classroom protocol 
Our study was conducted in two classes at the Agricultura! Lycée in Auch 
(Gers département in South-West France ), with pupils in their 2nd year of 
upper secondary vocational education geared to scientific subjects. Ali the 
dialogues were recorded on audio and video tape and transcribed in ful!. 

4.1 The role play situation 
Before the role play, a questionnaire assesses pupils' optmons about 
different researches conceming animal transgenesis. After transgenesis has 
been introduced with a presentation of the history of domestication and the 
background of growth honnone gene transfer, the role play is presented. 
After the subject and interest of the role-play have been presented, pupils 
express and j ustify their opinions on the setting up of a Sumotoris farm. 
Once the roles have been handed out, pupils make up a list of questions that 
they wish to ask, and express their arguments, naturally from their role's 
viewpoint. The pupils know which individual characters are going to be 
involved in the role play. The teacher distributes labels on which are written 
the names and the job/role specification of the participants. The observers 
should organise themselves in arder to gather together their observations. 
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Role-play is under way. The teacher plays the role of the mayor. He/she 
introduces the role-play and is responsible for the timing. At the end the 
teacher (the mayor) asks the pupils to vote. 
At the end of the role-play, each individual participant expresses his/her 
opinion on the proposal and specifies under what circumstances he/she 
would change their mind. 
After the role play, pupils fil] in the questionnaire on opinions again. The 
method and individual feelings are discussed. The decision-making process 
is analysed with the assistance of the observers. 

4.2 The conventional debate situation 
Apart from being based on a debate, this situation was organised in exactly 
the same way as the role-play. 

Table l. Experiment protocol 

Situation O Role play Situation 6 Debate 
Pre-test opinions ditto 
lntroduction to the history of domesti cation and ditto 
chronology of the transfer of the growth hormone 
gene 
Presentation ofthe role play Presentation ofthe debate 
Written essay by pupils on the installation of a ditto 
Sumotori fish farm ( opinions to be supported) 
Role play perfonned Debate 
Post-test opinions ditto 
Written essay by pupils on the installation of a 
Sumotori fish farm (opinions to be suppo1ied) 
Pupils explain under what circumstance(s) they might 
change their opinions. 

Presentation and organisation of the debate. The teacher explains the 
debating situation by making an analogy with the citizens conference that 
took place in France on the subject of biotechnology applications, and sets 
out the aims of the debate, i.e., to argue out a decision, explaining that the 
first task is to discuss the economic, political, ecological and human health 
aspects of the issue. The teacher remains neutral, leaving the pupils to take 
up the various points spontaneously. If one or more aspects are forgotten, the 
teacher asks for their opinion on these. Next, the teacher prompts a debate on 
the various tapies addressed in the role play, unless they have already been 
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taken up spontaneously by the pupils : increase in livestock productivity, 
increasing overproduction, technology transfers to the developing world, 
famine reduction, disruption of ecosystem balance, risks to human health, 
labelling and consumer reactions, patenting living organisms, company 
monopolies, and so on. As the debate proceeds, the teacher supplies the 
infarmation that was contained in the role-play. 

5 Comparative analysis of results 
Methodology 

The quantitative data from the study (pre and post test) were processed with 
Sphinx software to make calculations on the respondents' citations. 
In this paper, we will not go into the details of our analysis of the pre and 
post tests on pupils' opinions concerning research on different types of 
animal transgenesis . The results we observed were similar to those in a 
previous study conducted with the same method (Simonneaux, 1999) . 
Pupils' opinions varied according to the context and the research 
applications being considered. Medica! applications were the most broadly 
accepted, fallowed by veterinary applications . Industrial applications (i.e. in 
faod processing) were rejected. Opinions did not change between the pre-test 
and post-test stages. 
We shall now describe our analysis of pupils' statements befare and after the 
role play and debate. 
Our analysis of pupils' opinions on the installation of a Sumotori salmon 
farm rests on the theory of argument and on the sociology of justification. 
We identified the fields of reference called upon by pupils as they developed 
their arguments befare and after the role play and the debate. These fields of 
reference are disciplinary fields that are called u pon by the guarantors of an 
argument. Specific themes that were outside the scope of these disciplines 
could only be treated by identifying the "orders of importance" attached to 
them ( cf. theory developed by Boltanski and Thévenot) . The argument 
sequences were also analysed from a linguistic point ofview. 

A Opinions and field of reference appearing arguments for and against 
the Sumotori fish farm 

Opinions before and after the role play 
When pupils expressed a train of thought with arguments for and against, 
their final verdict, once it had been explicitly stated in conclusion to their 
reasoning, was taken into account. 
Befare the role play, eleven pupils out of eighteen stated that they were 
against the installation of a Sumotori salman farm. Fifteen were against 
research aiming to produce these fish. This suggests that faur pupils who had 
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discussed the benefits and disadvantages of the fish fann in their responses 
without coming to an explicit conclusion were actually against the project. 
The same phenomenon was apparent after the role play. 
This requires some comment. In opinion surveys generally, as in the Swiss 
referendum for example, there is evidence that people tend to reject 
biotechnology applications but not biotechnology research . There is less 
opposition to research as such, which seems to be considered as reflecting a 
quintessentially human drive to push back the frontiers of ignorance. 
Therefore, if the research is rejected, the resulting applications are 
necessarily rejected as well. In addition, pupils question the status of 
biotechnology research, which they see as different from fundamental 
research where the aim is to produce new knowledge that is not necessarily 
applicable . Biotechnology research is seen as research with a purpose that 
will necessarily be applied eventually. 

Table 2. Pupils' opinions before and after the role play 

Pupils ' opinions Pupils' opinions Pupil s' opinions Pupils' opinions on 
on Sumotori on Sumotori on the installation the installation of a 
research before research after the of a Sumotori Sumotori salmon 
the role play role play salmon farm fa1111 after the role 

befare the role play 
la 

15 out of 18 13 out of 16 11 out of 18 11 out of 16 against 
against against against 1 out of 16 discusscd 
1 no rcply 3 no replies 5 out of 18 arguments for and 

discussed against 
argumcnts fo r and 4 out of 16 in favour 
against undcr ccrtain 
2 out of 18 in conditions 
favour undcr 3 no replies 
certain conditions 
1 no re l 

Three pupils changed their rninds on the install ation of a Sumotori salmon 
farrn. Their roles were as follows: one observer decided against the farm 
after the role play, after having discussed its benefits and disadvantages; the 
pupil playing the role of Yann Le Goff, the fish fam1er intending to set upa 
Sumotori farm , had been against the project before the role play and 
subsequently carne out in favour , subject to certain conditions (was the 
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change of mind linked with the fact of acting out the part ?); finally, the 
pupil acting the part of the "foodie" opposing the fam1 stopped weighing the 
arguments for and against after the role play, and carne out against the 
project. 
The pupils who discussed the arguments for and against thus confirmed the 
limits of conventional logic. Their verdicts were suspended between 
acceptance and refusal (see Giordan, 1999, on this subject). 

Opinions before and after the debate 
Before the debate, ten pupils out of seventeen said they were against the 
Sumotori salman fam1 project. Fourteen said they were against research to 
obtain such fish. This suggests that four pupils who had discussed the 
benefits and disadvantages of the Sumotori salman farm in their responses 
without coming to an explicit conclusion were actually against the project. 
The same phenomenon was apparent after the debate. 
Moreover, after the debate, fourteen pupils said they were definitely against 
the installation of a Sumotori salman farm. 

Table 3. Pupils' opinions before and after the debate 

Pupils' 
op1111ons on 
Sumotori 
research before 
the debate 
14 out of 17 
against 

Pupils' opinions on 
Sumotori research 
after the debate 

13 out of 17 against 

Pupils' opinions 
on the installation 
of a Sumotori 
salmon fam1 
beforc thc debate 
1 O out of 17 
against 
1 out of 17 in 
favour 
2 out of 17 
discusscd 
arguments for and 
against 
2 out of 17 in 
favour under 
certain conditions 
2 out of 17 against 
unless rcstrictions 
are im osed 

Pupils' opinions on 
the installation of a 
Sumotori salmon 
farm after the debate 

14 out of 17 against 
1 out of 17 in favour 
1 out of 17 in favour 
under certain 
conditions 
1 out of 17 against 
unlcss restrictions are 
imposed 
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Four pupils changed their minds on the installation of a Sumotori salmon 
farm. It is important that decision-making process includes listening to the 
views of antagonists (Kolstoe, 2000). 
From this point of view, the case of Marianne is interesting. Marianne's 
extreme positions had the effect of catalysing her colleagues' arguments. She 
was fundamentally in favour of the Surnotori salmon farm, and vigorously 
argued her case: 'it doesn't matter that much if a species disappears'; 'in any 
case, producing countries will always be the richest ones; and we won 't be 
giving to poor countries anyway'; 'in any case we'll be discovering 
medicines to destroy what we've destroyed'; 'bankrupt fish farmers will just 
have to do something else, you don 't make an omelette without breaking 
eggs'; 'we're not going to go back to the horse and cart are we ! It's just too 
bad if there's unemployment': 'cloning people might be useful: it might 
interest the army, or for work' . In every study we have conducted so far, 
there has always been a small minority expressing ideas like these. We had 
planned that the discussion leader (the teacher) would provide counter
arguments at the end of the debate to stimulate the discussion, if none had 
been forthcoming, but this tumed out to be unnecessary. 

Fields of reference used in arguments before and after the role play 
Pupils' arguments are based on what linguists refer to as guarantors. These 
may be associated with different disciplinary fields. The pupils' arguments 
were selected from the entire corpus and classified by field of reference, 
using an iterative approach. Sorne of the arguments could not be classified 
into a particular disciplinary field, a point we shall retum to later. 

Table 4. Number of arguments in the different fields of reference used 
before and after the role play 

Arguments Bcforc the role play After the role play 
In favour Positive effects on human hcalth Positive economic effccts (2) 

Against 

( 1) Positive ethical effccts (2) 
Positivc ethical effects (2) 
Positivc cconomic cffccts ( 4) 
Ncgativc effects on human health 
(6) 
Ncgativc economic effects (6) 
Ncgative ecological cffects (8) 
Ncgativc gcnetic effccts ( 1) 

Negative ecological effects (8) 
Negativc eJfects on human health 
(4) 
Negativc economic cffects (4) 
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The disciplinary fields called upon in support of arguments were economics, 
ecology, genetics, medicine and ethics. Political, legal and professional 
fields of reference did not appear. 

Fields of reference used in arguments befo re and after the debate 

Table 5. Number of arguments in the different fields of reference used 
before and after the debate 

Arguments Befare the debate 
In favour Positive effects on science (2) 

Positive ecological effects (2) 
Positive economic effects (2) 

Against Negative effects on human health 
(3) 
Negative economic effects (13) 
Negative ccological effects (5) 

After the debate 
Positive economic effects (1) 

Negative ecological effects (5) 
Negative effects on human health 
(5) 
Negative econornic effects (11) 
Negative effects on science ( 1) 
Negative political effects (3) 

The disciplinary fields called upon in support of arguments were science, 
economics, ecology, politics and medicine. Legal, ethical, genetic and 
professional fields of reference did not appear. 

B Origins of justifications according to the order of importance 
attached to the installation of a Sumotori salmon farm 

Human actions (verdicts on objects of debate are considered here as actions) 
are structured around principies of justification. According to sociology of 
justification, what is important in justification processes is the "order of 
importance" attached to objects of debate. We have selected in the 
discourses items showing the "order of importance" attached to the 
installation of a Sumotori salmon farm, which indicate the world of 
reference of pupils. Specific topics (Nature, quality, patrimony, 
"disturbance" to the population) which we could not considered through the 
identification of arguments have been then analysed. 
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Table 6. Comparison between "orders of importance" brought out in the 
role play and the conventional debate 

Role play Debate 
Orders of importance 111 Counter-arguments from Counter-argurnents frorn 
pre-test stage the world oftrade the world oftrade 

Orders of importance 111 

post-test stage 

Arguments from the Arguments from the 
worlds of civics, worlds of civics, 
inspiration, trade and inspiration 
industry 
Counter-arguments frorn Counter-argurnents from 
the world of trade the world of trade 
Arguments from the Arguments from the 
worlds of c1v1cs, worlds of civics, 
inspiration, trade inspiration, trade 

With reference to orders of importance, as seen in table 6, we identified four 
"worlds": trade, civics, industry and inspiration. Supporting arguments from 
the "world" of civics were in the majority . Here, the collective interest is 
predominant, through respect for legal forms . Supporting arguments from 
the world of civics partly overlapped with medica! concerns. There were 
connections with other topics, such as poverty, animal welfare, loss of the 
village heritage or social development in the village, and also with 
"disturbance" to the population ('the population might be disturbed by the 
fish farm, and the region could be upset by the person '), unemployment ('it 
would be better to find jobs for hundreds more people'; 'what about the 
small fish fanners ? '), the crucial problem of maintaining quality, consumer 
information and the need to establish tests and inspections. 
The "world" of trade was mostly called on in terms of opposition . Here, 
competition between the protagonists, through market forces, promotes the 
optima] use of resources. Profits are legitirnate. This is where the pupils 
found most of their counter arguments. Commercial argurnents that might 
have countered their own were rejected outright, to cut the discussion short, 
in line with the rules of rhetoric. 'Of course it'll bring in a lot of money, but 
it'll bankrupt the small fish shops and the fishem1en'. 'Debts from the high 
costs of installing the fish farm might ruin the fish farmer; and prices might 
crash because of large-scale production'. 
The "world of inspiration" holds ali that is sacred. Here, it was called on in 
references to nature. Establishing the Sumotori fish farm goes against nature. 
Man sees himself as a demigod. The techniques invented by people to serve 
their needs and culture will permanently disrupt the balance of nature. 
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Nature must be left alone, as long as people do not intervene, it keeps in 
balance. Nature is the evolution of species which have adapted at random to 
a given environment. But the world is now dominated by humans and human 
culture, and species adaptation is under human control. We are trying to 
control the living world by artificial means, to assert ourselves as masters of 
the world, controlling ali life; we want to become gods, we're tempted by 
eugenics, we want to adapt nature to our cultural, social and economic needs. 
Here, we are in a mythical register which has nothing to do with scientific 
logic, but a lot to do with what might be called "holy terror" . Controlling the 
living world means trying to control what is random, using technology to 
overcome chaos and our own fear of life and death. 
Supporting arguments from the "world of industry" were very much in the 
minority. Here, what is recognised as important is based on performance and 
method . Investment is linked with progress. 
Ecological concerns are expressed in scientific terms (biodiversity, 
ecosystem, etc.) or in more commonly used terms (nature) . Should these be 
classified in the "world of civics", or the "world of inspiration" ? Or 
elsewhere ? We placed arguments expressed in terms of biodiversity and 
ecosystems in the world of civics, and those associated with nature in the 
world of inspiration. But perhaps we should look into the possible 
emergence of another "world" , in addition to those defined by Boltanski and 
Thévenot, a world in which new social dernands are being expressed in 
connection with the environment, a "world of ecology" ? 

C How pupils changed their minds 
After the role play, when asked under what circumstances they would 
change their rninds, five pupils stated that they would not change their minds 
under any circumstances: their opinions were definite. This question was 
asked to launch the pupils' discursive processes and to encourage them to 
justify their decisions. These circumstances have to do with ecology, 
economics and science, and also relate to food problems in the developing 
world, food safety issues and human health. Safety and inspections are also 
mentioned. After the debate, these circumstances have to do with ecology 
and economics, and also relate to food problems in developing countries, 
food safety issues and human health. Safety, control and inspections were 
also mentioned. Two of the pupils would feel happier about the project if the 
fish were sterile. Three pupils would not change their minds under any 
circumstances. 

D Comparison of difficulties, advantages and disadvantages 
These comparisons were made on the basis of teachers' comments, pupils' 
comments after the debate and our own observations. 
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The disciplinary fields called u pon in support of arguments were economics, 
ecology, genetics, medicine and ethics. Political, legal and professional 
fields of reference did not appear. 

Fields of reference used in arguments before and after the debate 
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Concerning the role play 
The mai11 obstacle was the teacher ' s lack of familiarity with role-play 
practice, which was in fact one of the reasons for conducti11g this study. 
Teachers need to be reassured and offered trai11ing sessions 011 orga11ising 
role-plays, which are particularly well suited to i11terdisciplinary approaches. 
The role-play assessme11t shows that the teacher was unable to remain 
neutral throughout in perfom1ing the Mayor ' s role. The following exchange 
shows that the pupils, when it carne to voting, were aware of the impact of 
the teacher/mayor 011 their classmates and were not taken in: 
The foodie : 'No, no, no, there's a fiddle going on . If the Mayor's being paid 
as well. . . '. 
The Mayor: 'My concem is for the developrnent of our village'. 
The foodie: 'Someone ' s getting a bribe, we'll take another vote. Right, 
who 's in favour ? Nobody. Who 's against? ' . 
"Switched-on" cornmunications student: 'If you'd done comrnunications 
studies, Sir, you'd realise there ' s a boss here who keeps the meeting in 
arder' . 
The foodie : 'So who's the boss?' 
The Mayor : ' The Mayor of your village , Sir. I'm here because I'rn 
responsible for our citizens' welfare. We'll take a final vote. Who's in 
favour ofthe project? Five . Who's neutral ? Two'. 
The traditional fish farmer : 'No, I didn 't raise my hand' . 
The fish physiology researcher : ' You're not allowed to influence people. 
Careful ! ' 
The Mayor: ' Who's against? Seven' . . . 
The pupil playing the part of the communications student put her finger on 
the institutional relationship with the teacher. 
Sorne pupils found it difficult to appropriate the infom1ation contained in the 
description of their roles . As observed by Kolstoe (2000), role playing 
increases possibility to understand other people's point of view when you 
have to place yourself in their situation. But whether or not their 
interpretations were correct, the pupils kept strictly to the inforrnation 
supplied. Should they be asked to carry out sorne docurnentary research 
beforehand ? The pupils were very enthusiastic about this activity, and said 
they did not feel ill at ease with it. However, sorne ernphasised the difficulty 
of acting the part of a person they did not agree with. The observers felt 
frustrated at not being able to take part. 
The teacher was keen to try the experirnent agai11, and also said how 
interesting it had been to ' see the pupils in a different light that brings out 
their persona Ji ti es ' . 
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Concerning the debate 
The major problem here was the reserve of sorne pupils. Although they were 
asked severa] times for their opinions, seven pupils did not take part in the 
debate. When they were questioned afterwards, they stated that they were 
very interested but did not want to repeat opinions that had already been 
expressed, and in fact, in their written answers five of these pupils were the 
most loquacious on the subject. The quality of their argumentation, as 
measured by the number of arguments given, had improved between the pre 
and post debate stages. Ali the pupils expressed enthusiasm for the exercise. 

The role of the teacher 
As noticed before, the role of the teacher is difficult. It is difficult to keep a 
neutral attitude during the debate and to promote an attitude of respect 
towards antagonists' opinions. And he/she is supposed to play an active role 
at the end of the debate by asking reflective questions to increase the pupils' 
awareness of the role and of the limits of scientific knowledge and of values 
issues brought into the debate. This aftermath of a discussion, whatever the 
form it takes (debate, role play) is essential to the process: this is the stage 
which, as the different steps in an argument are highlighted a posteriori, 
helps pupils to achieve greater distance in relation to the topic - or, in other 
words, to adopta metacognitive and "meta-emotional" approach. 
In this kind of issue, not only biotechnological knowledge but also societal 
consequences are to be taken into account. This point, as well as the 
unfamiliarity of science teachers with debate situation should promote the 
participation ofhumanities teachers. 

6 Conclusion 
The fundamental value of the didactic strategies concemed here lies in their 
potential for opening up the school environment to a dimension that reaches 
beyond the acquisition of knowledge, by socialising and contextualising 
such knowledge and discussing the issues that arise from it. The fundamental 
goal is, therefore, to help pupils become full and active members of society. 
Jiménez-Aleixandre et al. (2000a) have shown that the way pupils argue on 
environmental issues is different from what has been observed in more 
conventional "scientific" subjects of surveys, insofar as the pupils used 
severa! different arguments. In this field, in their view, there is no single 
reference argument resting on an expert's point of view. Moreover, these 
authors highlight the importance of values in pupils' arguments (e.g. 
pragmatism versus utopía, economics versus ecology). Their research draws 
on the method developed by Toulmin (1958) to analyse arguments. By using 
a different theoretical framework (based on the sociology of justification), 
we were able to analyse the values supporting pupils' arguments in terms of 
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the orders of importance they attached to them. This framework, which was 
borrowed from sociological and economics research, seems to us to be very 
promising for studies on justification and argument situations, and for 
studies on classroom interaction in general. It enabled us to analyse 
responses that were not directly connected to disciplinary fields and, 
especially, to describe more fully what are often simply referred to as the 
"values" underlying arguments and decision making. 
This study draws on observations of real classroom situations rather than on 
experimental situations that are set up specifically for research purposes. We 
found few significant differences between the arguments put forward by the 
pupils in each variant (role-play and debate) . 
However, among ali the studies we have conducted so far, this was the first 
in which we observed changes of opinions. Our previous results had not 
been particularly surprising insofar as opinions - as the foundations of social 
representations - are not easily shifted. Before and after a number of fonnal 
and informal learning sequences (visits to exhibitions), we had always found 
knowledge being appropriated without any changes of opinion. But in these 
situations, the pupils had not been asked to discuss issues orally. Could it be 
that it is in expressing points of view and being confronted with opposing 
arguments that pupils clarify their thoughts on a given subject, as asserted by 
Barnes and Todd (1977) and Lewis et al. (I 999)? If so, the didactic strategy 
involving class discussions, whether through role play or debate, would 
seem to be a useful way of helping pupils to develop their arguments . 
Science teaching has only made a modest contribution so far to the way 
opinions are formed (at least, in France). Teaching pupils to identify and 
assess opinions and to form their own well thought-out opinions on a 
complex problem of both scientific and social importance should logically 
be considered an essential aspect of scientific education and the acquisition 
of scientific literacy. 
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Abstract 
As a part of the RODA project on classroom discourse, we recorded pupil 
interactions during one month unit on soil science. At the beginning of the 
unit, the pupils (aged 14 -15 years) were presented with a land allocation 
problem to solve using information about soil properties. In this paper we 
analyze 50 minutes of recorded session. The recorded group discussions 
were analyzed using Toulmin's scheme and categorization of actions was 
carried out. The analysis of results suggest that the tasks were successful in 
encouraging the pupils to reason and argue in scientific tenns. 

1 Introduction 
Scientific discourse should exhibir clarity of argument, prec1s10n in 
distinguishing among the various factors that may be relevant to the 
phenomena discussed, and consistency with facts. These qualities should be 
developed by the pupil in the course of his or her scientific training. This 
applies to ali pupils - not only those intending to pursue a scientific career -
because today's citizens are continually called upon to have opinions about 
matters of public or prívate concern on the basis of the reports or 
declarations of professional scientists. 
Previous reports in the literature concerning science education show that 
there are different reasons for analysing the discourse in science classrooms: 
• The social constructivist model considers that leaming is not confined to 

the individual mind but that cultural processes are also involved. This 
model suggests that opportunities for reflective interaction should be 
given, for example through discussion and argument, to support the 
construction of knowledge, as outlined by Newton et al. ( 1999). 

• The view of science as social construction considers that scientific 
knowledge is generated from the conclusions made through 
argumentation and it is clearly important to give students the opportunity 
to take part in activities that require them to argue the basis on which 
their conclusions are made. In this way the students can appreciate the 
epistemological basis of science itself. 
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• Duschl , Ellenbogen and Erduran (1999) also point out the importance of 
argumentation strategies by stating that " Given that the language of 
science involves the evaluation and justification of knowledge claims, 
argumentation strategies are recognised as a important too! for doing and 
talking science" 

• Argumentation is also important in terms of scientific literacy: Patronis 
et al. (1999) and Newton et al. (1999) highlight its importance in 
decision making and consider that the act of taking decisions is central to 
an education aiming at democratization. 

The present sh1dy was carried out as part of the RODA project, a programme 
of research into the argumentation skills of secondary school science pupils, 
in which classroom discourse analysis techniques are used and in which 
teachers collaborate as researchers (Díaz de Bustamante and Jiménez 1997; 
Duschl 1998; Lemke 1990). Part of this project involved a one-month 
teaching unit on soil science, created as one of a series of units on subjects of 
environmental relevance. In keeping with the philosophy outlined above, the 
unit was constructed in accordance with SEPIA design principies (Duschl 
and Gitomer 1996) so as to promote the development of argumentation 
skills. In this paper we present the results obtained from the analysis of the 
transcript of 50 minutes oftaped sessions. 
The objective of the present study is to describe the construction of 
arguments by groups of students in the preliminary tasks of a unit related to 
soil science in order to actívate their knowledge of this subject. 

2 Method 
Participants ami setting 
The unit was part of the Natural Science course of a class of thirty 14-15 
year-olds (28 boys and 2 girls) in their penultimate year of compulsory 
education (ESO 3) in a rural community. The class was divided into 8 
groups of 3 or 4 students. 
The teacher was the usual Natural Science teacher (first author) and an 
externa) researcher (third author) was present as an observer during all 
sessions . The activity of two of the groups of sh1dents was recorded on video 
and audio tapes. 

!nstructional Context 
The context of our sh1dy was a unit on soil science. The main themes of this 
unit included: the factors involved in soil formation , soil composition and 
structure, uses of soil, soil weathering and reclamation. 
The teaching unit comprised four phases, as follows. 
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Phase 1: Introduction . The pupils were given a fictional land allocation 
problem in the guise of a request for help by their local town council, which 
supposedly had a budget too small to allow consultation with professional 
experts. The students had to decide how to allocate three available plots of 
land for use as a football pitch, a garden for use by a gardening school, and a 
block of council offices, in the light of existing data on the properties of the 
soil in each plot. 
Phase 2: Approaching the problem. With the help of the teacher and using 
the teaching material the pupils looked up basic information concerning 
fomrntion, composition, management and reclamation of soil. 
Phase 3: Evaluation of data . The pupils applied the knowledge gained in 
Phase 2 to the fictional data characterizing the three plots in order to obtain a 
solution to the problem posed. 
Phase 4: Final report. Each group presented a final report with reasoned 
conclusions. 

Data sources and analytical methods 
We made videotapes of ali of the sessions in this unit using video cameras 
and audio tapes with externa! microphones . For the present study we 
focussed on the interactions of one group of four male students. A total of 
fifty minutes were transcribed and analyzed. 
The session took place during the preliminary task of phase two of the unit, 
which, as previously mentioned, was mainly concerned with activating the 
students' knowledge. The students discussed the following questions: 
1. How long does it take for a soil to be forrned? 
2. Where do the materials that fo1111 soils come from? 
3. Why are soils fertilized with manure more fertile than those fertilized 

with inorganic fertilizers? 
Analysis was made of the transcription of the taped conversations of a group 
of four male students. As pointed out by Gee (1991), discourse in the 
classroom reflects both the actions and the language of a community of 
people. Analysis of actions was carried out using a modification of the 
system of observation designed by Hollon et al. (1980) and Newton et al. 
(1999) using the systemic network (Bliss et al., 1983) for categorization of 
actions (Fig. l ). 
Analysis of argumentation was carried out using Toulmin 's argument 
scheme, adap ted on the basis of different proposals made for the analysis of 
classroom discourse (Alvarez, 1997, Dusch et al. 1999, Jiménez, 1998, 
Pontecorvo and Girardent, 1993). Thus for the purposes of the present study 
we categorized the elements included in the students' arguments as: claims 
(conclusions whose merits are sought to establish), warrants (statements that 
justify the connection between data and conclusions), backing (knowledge, 
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of a theoretical nature, used to support the warrant), hypothetical and 
empirícal data (facts referred to as a basis for the conclusions), challenges 
(statements questioníng the validity of a claim), opposition (any claim that 
deníes what has been claimed by another, with or without giving reasons), 
concessions (any claim that concedes something to an addressee, admitting a 
point claimed in the dispute), qualifiers ( qualification or restriction, 
statement specifying the conditions for the hypothesis or conclusion), 
rebuttals (specifying the conditions for díscarding the hypothesis or 
conclusion). Unlike the analysis of interactions, the analysis of language 
centres on only three events of relative interest to the construction of the 
arguments. 

3 Results 
Analysis of interactions 
A total of 50 minutes of taped were transcribed. A total of 244 contributions 
were made during the 50 minutes of taped session. 
The teacher made nine (3 . 7%) of the total contributions, in seven of these the 
interactíon was with a working group and two were with the whole class. 
The teacher's action comprise: asking questions (7), making notes on the 
blackboard (1) and give or help search for information (1 ). 
The pupils made most of the contributions interacting with the various 
grouping with the following frequencies: pupil-pupil 18.0%, pupil-teacher 
1.6%, pupil-group 70.5%, pupil-other group 0.82%, pupil-class 3.3% and 
between groups 0.4%. 
Most of the interactions that took place were between pupils, within their 
own working group, consistent with the methodology proposed for 
facilitating argumentation . Dialogues between pupils were much less 
frequent and pupil-teacher interactions were even less so, usually taking 
place to resolve doubts. 
Of the contributions made by the pupils, 74.6% took place on-task, meaning 
that around 25% of the contributions were not directly related to the topic in 
question, although many arose from discussion of it. 
The frequency of contributions made on-task for each of the categories 
established was as follows: explaining or clarifying ideas or concepts 26.2%, 
giving instructions and leading a group 10.6%, asking questions 18.0%, 
taking up a stance about something 15 .6%, reading 0.8% and being a 
spokesman 3.3%. It can be seen that most of the contributions made within 
the task involved giving explanations, asking questions and taking up a 
stance about something. The percentage number of explanations was higher 
than that of questions because one question can elicit severa! explanations, 
which can be either complementary or contrasting. 
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Figure 1. A systemic network for students' actions 
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The categories of direction, spokesmanship and leadership had significantly 
lower numbers of contributions and corresponded to contributions made in 
order to direct the discussion. 
Of the 182 contributions made within the task, 71 were included in the three 
arguments that were analyzed. Thus we can assume that the three excerpts 
selected, which represent about a third of the transcribed session contain 
70% of the contributions made within the task. This clearly indicates that 
argumentation helps in carrying out the task, in line with the aims of the 
design of the unit. 

Analysis of the argumentation 
As previously mentioned the data analyzed was taken from the transcript of 
recorded conversations between the members of a group of four pupils 
during two classes. The analysis consisted of identifying the parts of the 
dialogue that corresponded to each argurnent. These were understood as 
those parts involved in reaching of conclusions using the hypotheses and 
data to justify, agree, oppose, etc. 
Excerpt 1 response to the question- Why did you choose this length of time 
for the formation of soils? a) between 1 and 100 years , b) between 100 and 
15.000 years, c) between 15.000 and 1.000.000 years or more 
Agustín We chose b, which is between 100 and 15 000 Claim 

years 
Agustín It couldn't be between 1 and 100 years ... 
Agustín ... because the mountains would be much more 

pointed 
Agustín And if it was a mili ion years or more ... 
Agustín .... . they would be much more eroded because 

more time would have passed 
Teacher What do you mean that they would have been 

more eroded? 
Agustín Everything would be flatter 

Alfonso This would be like Holland 

Alvaro I don't know ifthat's right 
Agustín What? I think so 
Teacher What do you mean that it would be flatter? 
Agustín That there would be more soil and less rock 

Teacher Why would there be more soil and less rock? 
Agustín Beca use there are lots of stones ... 

Claim 
Hypothetical 
data 
Challenge 
Warrant 

Hypothetical 
data 
Hypothetical 
data 
Challenge 

Hypothetical 
data 
Challenge 
Empírica! 
data 
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Teacher Yes? 
Agustín There wouldn 't be so much ... stone in the Hypothetical 

countryside and there would be more soil, more data 
earth, there would be more topsoil because in Empírica! 
sorne areas the !ayer of topsoil isn't very deep data 

The argumentation in the transcribed and categorized fragment corresponds 
to the joint discussion that took place in order to explain the reply to the 
question indicated. 
The conclusion was made by the pupils choosing what they considered to be 
the correct option from the different possible solutions to the problem. They 
arrived at the conclusion by excluding the other option on which they based 
the replies that they did not consider to be correct. 
Thus, in the reconstructed argumentation scheme (Fig. 2) we considered a 
complex argument where the warrant in the principal argument is composed 
of two subsequent arguments. The first option refers to the shortest time 
interval (between 1 and 100 years) and the hypothetical data given for 
discarding this is that the mountains would be much more pointed. The 
warrant, implicit in this case, is that the mountains would be less eroded. 
The option more than a million years is rejected with the warrant that the 
mountains would be more eroded because more time would have passed. In 
this argument, the backing, (here, the students' knowledge or general ideas 
that the students use, not exactly scientific ideas) is related to the concept of 
erosion being linked to long time intervals and the process of soil formation 
understood by the students as a process of sedimentation. 
Excerpt 2 (reply to the question: Where do the materials that forn1 soils come 
from?) 
Agustín 

Alfonso 
Agustín 

Afonso 
Agustín 
Alvaro 
Agustín 
Agustín 

Antonio 
Alfonso 

Let's see. Where do the materials that form soils 
come from? Are they always above the 
materials from which they originate? 
No 

Focussing on 
the question 

First question. First things first. Don't start at 
the end. Where do they come from? Do you 
know? 
From other materials 
From the parent rock .... 
That ' s it 
They come from the parent rock 
The parent rock .. . that was eroded 

Are they always above it? 

Claim 

Claim and 
warrant 

Listen (directed at Agustín) the question is that Challenge 
you can 't make something from nothing 



320 

Agustín 
Alfonso 

Agustín 

Antonio 
Agustín 
Agustín 
Alvaro 
Alfonso 

Agustín 
Alfonso 
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What? 
In other words if there's no rock you can't make Challenge 
anything from it and you can't make something 
from nothing 
But look, listen,- listen, listen ... where do the 
materials that form the soil come from? Where Claim 
do they come from? From the parent rock 
But, are they always above? 
Well, that's another question 
Why do they come from the parent rock? 
Because it was eroded 
Beca use you can 't make something 
nothing 

Warrant 
from Challenge 

Of course, so they come from the parent rock ... 
Why can 't they have come from a piece that 
broke off from the rock? 

Claim 
Challenge 

Agustín But that piece is the same as the parent rock.. Warrant 
it's part of the parent rock 

Alfonso ..... but before that it was magma 
Agustín Well. .. it comes from the parent rock just the Backing 

same, the parent rock breaks and makes sand, 
the sand gets broken up and makes earth, it 
makes everything, they come from the parent 
rock 

Alvaro Everything comes from the same place 
Alfonso Ha, ha, that made you work, eh! 

This argument is practically constructed by Agustín alone and he supports it 
with basic knowledge of externa! geological processes. Alfonso opposes him 
by stating that the parent rock cannot form soil as it does not form a part of 
it . He expresses this with the phrase "you can 't make something out of 
nothing" However he ends up by giving support to Agustín 's proposal by 
asking "why can't it have come from a piece of rock?", because the reply to 
this is the conclusion established by Agustín. 
The stance taken maintained by Alfonso in this argument does not appear to 
be related to the substance of the argument (Fig. 3) but rather to assert 
himself within the group and dispute Agustín 's leadership, an attitude that he 
displays throughout the course of the teaching unit. This explains why once 
the conclusion is finally established, Alfonso says to Agustín " Ha, ha, it 
made you work, eh! ." 
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Figure 2. Argumentation scheme from excerpt 1 

EMPIRICAL DATA CLAIM 
... there are a lot of stones. lt must be between 100 and 15.000 
... the !ayer of topsoil isn 't very deep 

1 

years 

WARRANT 
(Argument 1

) 

HYPOTHETICAL DATA CLAIM 
... the mountains would be 1 It couldn't be 
much more pointed WARRANT between 1 and 100 

... they would be less years 
eroded 
(implicit) 

HYPOTHETICAL DATE 
Everything would be (Argument 2) CLAJM 

flatter 1 lt couldn't be a 

This would be like Holland WARRANT millon years or 

That there would be more they would be more ... 
soil and less rock much more eroded 

because more time 
would have passed 

1 

BACKING 
The process of soil formation consists of the sedimentation ofthe 
materials eroded in the mountains 
(implicit) 
This process depends on the time of formation 

Figure 3. Argumentation scheme from excerpt 2. 

WARRANT CLAIM . 
The rock is eroded The soil origina tes from the 

t-
parent rock 

1 

BACKING 
Erosion breaks the parent rock 
and cause the formation of sand 
and soil 
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Excerpt 3 (reply to the question: Why are soils fertilized with manure more 
fertile than those fertilized with inorganic fertilizers?) 
Antonio Why are soils fertilized with rnanure more Focussing 

fertile than those fertilized with inorganic 
fertilizers? 

Antonio Because the ones that are fertilized with manure 

Álvaro 
Agustín 
Álvaro 
Antonio 
Agustín 

Álvaro 
Agustín 

Alvaro 
Ali 
Agustín 
Alvaro 
Alvaro 

Agustín 
Álvaro 
Agustin 
Alvaro 
Alvaro 

Agustín 
Álvaro 

Antonio 
Alvaro 
Alvaro 
Agustín 
Antonio 

Agustín 

Alvaro 

have got more .... 
Because manure's better than fertilizer 
Its ali fertilizer, man! 
Man u re' s better 
Fertilizer's 5x5x5 isn't it? 
Or 15x15xl5, or l0xl0xl0. It depends what you 
use it for 
l0xl0xl0? 
l0xl0xl0 is for lawns, 15xl5xl5 is for grass 
for feeding cows and I don 't know what 5x5x5 
is for. For house plants 
And 4x12x8, what about it? 
Laughter 
I've only heard them talking about these .... 
For potatoes 
A lot of people use 4x 12x8 on potatoes instead 
ofmanure because 15x15xl5 is really strong 
Of 15xl5xl5, but they don't use much 
15x 15xl 5 is the strongest of ali of them 
I know, it's nitramon 
You can use it on the roots of pine trees .. . 
... you put it on the roots and they grow faster. 
Y ou make a hole ... 
15% N, 15% K and 15% P 
You put the fertilizer in the bottom and the pine 
tree on top 
But do you not put the fertilizer on top? 
But you can't touch the surface ... 
.. beca use if yo u touch the root it bums 
Yes, it bums and dies 
But if you put it in the bottom of the hole you 
would bum the roots 
You put it in the bottom and put a !ayer of soil 
on top, add sorne water and it dissolves, then 
after ali that, you put it in 
Yes, the pine tree on top and that's it... 

Claim 

Claim 

Backing 

Backing 

Backing 

Backing 
Backing 

Backing 

Baking 
Baking 

Backing 
Backing 
Backing 

Backing 
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Alvaro 

Antonio 
Agustín 
Antonio 
Agustín 
Antonio 
Agustín 
Alvaro 
Antonio 
Agustín 

Antonio 
Alfonso 
Agustín 

Alfonso 

Agustín 
Antonio 
Agustín 
Agustín 

Alvaro 
Agustín 
Agustín 

Antonio 

, and now we've finished doing that...what. .. Focussing 
we're not here to talk about pine trees 
I'm going to see ifl can grow canes, man 
What?, what? 
Canes 
Canes? .. . these .. 
Ofbamboo 
There ' s tons ofthem on our land 
Where I live too 
I've got about five, just small 
If yo u carne there man ... they must be a metre 
high or more ... 
And that's a lot, is it? 
Y ou get them four metres high 
Mine, well they're not mine, I haven't got any, 
the ones that are there are about 2 or 2.5m 
There beside the river they're about 4 metres 
high 
I can 't reach tlzem 
They grow at the river because there's water 
They've got to have water, or else ... 
Right, come on, work ... inorganic fertilizer Focussing 
They read in silence 
I put it like this .. because the manure .... 
Is better than the .... 
Let's see ... let's find it in here, does it put it here 
or not (reads a page from the dossier) 
They read in silence 
Because since it's got more chemical Warrant 
components and ..... it fertilizes the plants better, 
and the soil 
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This argument (Fig.4) is the least clear of the three analyzed and at the same 
time, the conclusion is more indirect and less convincing to the group. In fact 
the group discussed the tapie again because of Agustín 's doubts about the 
conclusion. The first warrants were supplied by Antonio" .. those fertilized 
with manure have got more .. . " and by Agustín, when he lists the different 
kinds of inorganic fertilizers in a statement that he completes when he 
outlines the use for each one. 
This argument shows two clear differences from the previous ones. Firstly, 
in the use of warrants and backing obtained from the pupils' own 
experiences. Ali come from families in which agricultura! and farming 
activites have an economic significance. The second difference is that the 
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discussion diverges to topics that are related but do not come into the 
argument. For example, Antonio leads the conversation on to the cultivation 
of bamboo when he conm1ents " I'm going to see if I can grow canes, man". 
Later on, outwith the fragment of the transcription shown here, the same 
happens again. This time it stems from an attempt to find a relation between 
the food that animals eat and the value of the fertilizer they produce. 
Comments are made about the problem for rabbits on ingesting a plant 
known as "maruxa", as when they eat it they die. The explanation for these 
divergences also lies in the relation between the argumentation and the 
pupils' own experiences. 
The activation of existential knowledge by posing a question that seeks 
conclusions similar to those found in formal scientific knowledge is 
interesting. It enriches the argumentation and leads to the use of many 
backings that strengthen and consolidate the conclusions. 

Figure 4. Argumentation scheme from excerpt 3. 

CLAIM 
Manure is better than inorganic 

ferti I i zers 

1 ----------WARRANT 1 WARRANT2 WARRANT3 
Manure is more Manure does not Manure does not 

complete in tem1s requirc pre-selection require special care 
of chemical on application 
components 

1 1 1 

BACKING 1 BACKING 2 BACKING 3 
N,P,K !0x!0 is best for lftherc is too much 

requirements Iawns inorganic fertilizer or 
15xl5xl5 is best for it comes directly in 
pasture contact with the roots 
4xl2x8 is best for it bums the plant 
potates 
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4 Educational significance 
The first results of this study allow us to confirm that the learning 
environment generated by these tasks encourages the pupils to reason and 
argue in scientific terms. Our observations have revealed that the 
conversations focussed mainly on the discussion of students' ideas. The 
pupils frequently referred to their personal experiences during the 
argumentation, and this is probably made easier by the leaming environment 
generated in open situations. The roles played by the pupils and the teacher 
in the class were different to those in traditional classes and furthermore, the 
classroom discussion was not dominated by the teacher. This al1owed the 
discussion to be enriched by the contribution of the pupils' knowledge, 
gained from their lives in a rural environment. 
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ANAL YSIS OF THE WRJTTEN DISCOURSE OF STUDENTS OF 
FIRST LEVEL OF IDGH SCHOOL ABOUT THE CONCEPTUAL 

FIELD OF RESPIRA TION 

Abstract 

Osear Tamayo Alzate & Neus Sanmartí Puig 
Universidad Autónoma de Barcelona 

At present, the importance that studies about language have for science 
education resides in a wide range of aspects, from which we want to 
highlight only two. First, the central function of language as a 
communicative tool is privileged within the educational field. Second, we 
consider language as a mediator and regulator of students' thought 
development. In this work we emphasise the importance and necessity of the 
study of language conceming teaching processes and science learning. For 
this purpose, we initially intend to focus on the study of sorne aspects of the 
communicative function of language. Then, we will focus on the study of the 
elements related to the semiotic function of language, next we will stress 
sorne topics related to language as a regulator of different central processes 
in science education. Finally, we will show partía! results on the analysis of 
texts in the conceptual field of respiration written by students in the first 
level of high school. 

1 Introduction 
In this study about students' written discourse, we will focus mainly on the 
existing relationship between discourse elaboration and scientific concept 
formation and evolution. In science education , it's interesting to know the 
interdependence between discourse production and conceptual construction. 
This interdependence constitutes one of the central cores, that conducts leads 
to the concept formation, to science learning and, as a last resort, to thought 
structuring. In this sense, in the study of discourse, we are initially interested 
in identifying possible linguistic obstacles, which in conjunction with the 
epistemological and ontological ones, are taken as an initial point of 
reflection , which orientates the educational intervention in a particular field 
ofknowledge. 
One of the most relevant aspects of language function in the concept 
construction in science, is the linguistic contribution to the development of 
abstraction and generalisation processes. When a scientific concept makes 
part of the formation process, the acquisition of scientific language, 
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associated to this formation produced. This implicates the acquisition of a 
new semantic structure as well as a new form of thinking and seeing reality. 
New language makes students' attention to be moved from the sign-object 
relationship to the sign-sign relationship. In giving a certain meaning to a 
word, we find ourselves above ali facing a generalisation. The word is then a 
verbal act of thought and its meaning should be considered not only as a 
thought and discourse unit, but also as a generalisation and communication 
unit. (Vygotsky, 1995). 
The use of words and language is important in the action movement from 
the material leve! to the mental leve!. This makes possible to consider 
language as a regulator not only of its perception, but also of its 
representation and action. In synthesis, experience and language are two 
indiscernible factors during science learning (Sanmarti, 1997). Students 
should learn to talk about the processes seen in science classes, learn to 
observe, to discuss, to represent concepts and phenomena studied in different 
ways, as well as to regulate and to self-regulate the learning processes in 

which language plays an important role. 
The here by presented research has the following objectives: 
l. Characterising language used by first leve! high school students (16-17 

years old) in the conceptual field of respiration . 
2. Analysing the coherence, appropriateness and conceptual demand of the 

texts about respiration written by the students. 
3. Identifying possible linguistic obstacles in the learning of the conceptual 

field of respiration by these first leve! high school students. 

2 Analysis of the students' written discourse 
The empírica! studies of discourse in the classroom have revealed the 
implicit rules that take part in this discourse, its particular characteristics and 
the ways of using discourse by teachers to orient and to evaluate the leaming 
process (Edwards and Mercer, 1987, Lemke, 1997). These studies have been 
done from different perspectives, among which, it is worth considering 
discourse as a bridge between cognitive and social dimensions (Cazden, 
1990); in this case , cognitive and linguistic development is considered as a 
form of socialisation and cultural learning . Other studies consider language 
as cultural mediator for thought and action expressed in daily practices, 
whereas other perspectives affirm that cognitive development is socially and 
culturally conditioned (Candela, 1999). 
The analysis of written discourse in the classroom must consider the 
structuring function that the context has in relation to the content that is 
taught. The meaning of abstract objects such as mol, electron and gene, is 
constructed not only through perceptive experience of students, but also 



Analys is of the written discourse ofs111dents offirsl leve/ ofhigh school .. 
Tamayo Alza te, O. & Sa11111artí P11ig , N. 

329 

through the ways of "speaking" about the evidence or the act1vity in the 
classroom. In addition to conceptual aspects , the students should learn to 
recognise when an explanation is valid and when it is not, they should learn 
how to speak, listen and direct discourse about the subject. In synthesis, they 
should learn not only the specific content, but also the rhetoric of scientific 
communication in the classroom. 
The present importance of the studies about the rhetoric of science in the 
classroom (Candela, 1999; Jewitt, 2000; Lemke, 1997; Martins, 2000; 
Millar, 1998; Scott, 2000; Sutton, 1998a), has provided evidence that a new 
perspective for the analysis of language is appearing, in which conceptual , 
rhetoric and contextual aspects are considered as fundamental. 
As last objective related to the language used in science classes, we attempt 
to identify sorne of the central aspects related to the analysis of written 
discourse. We can do it from two perspectives: structural and functional. 
The structural dimension centres discourse meaning on the function of 
words, propositions and sentences that constitute it, based on logic rules. The 
expression structures are considered as meaning structures, which can be 
obtained by means of the analysis of sentence sequences. This first aspect of 
written discourse analysis permits to find out how sentence sequences of a 
discourse are related to the basic propositional sequence, and how the 
meaning of such sequences is a function of the meaning of the constituent 
sentences or propositions. Within this type kind of written discourse 
analysis, the generalised use of causal connectors is intimately related to the 
kind of explanation and the kind of thought u sed by students. 
At present, it is recognised that not only logical connectors unite sentences 
and propositions in a written discourse. The influences exerted by the 
objects or phenomena about which the discourse is developed, moods and 
previous experiences are of great importance, too . In this sense van Dijk 
(1989) maintains that a smaller contribution to the global meaning of a 
discourse is derived from the facts denoted by _the discourse, while a greater 
contribution comes from the own knowledge or beliefs about the situation. 
Based on the previous ideas we want to emphasise on the second functional 
perspective that recognises the important influence of the subjective 
dimension in the use of language, (Berger and Luckman, 1984; van Dijk, 
1989; Lemke, 1997, 1999, Scott, 2000) . Subjective aspects detern1ine which 
meanings receive special attention, which belong more to the scope of 
beliefs, previous experiences, and opinions, as well as how personal and 
contextual meanings are constructed. 
As far as the analysis of written texts produced by students is concerned, we 
consider their study from a functional perspective of special importance for 
didactics of science. Although we recognise the value of syntactic aspects 
per se and their relevant function in the final construction of meaning 
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according to the order of the words and sentences that constitute it, we 
mainly emphasise the study of meanings of the discourses based on the 
contexts in which written discourse is constructed. Therefore, we give 
special importance in our analysis to cognitive-linguistic elements 
summarised basically in the following general considerations: 
• Written discourse analysis, as well as language analysis, allows us to 

approach qualitatively to different representations that students have 
about different facts or phenomena. 

• Analysis of the written discourse produced by students in the classroom 
informs us about elements of different nature, which constitute central 
aspects within the representations made by them. 

• Knowledge of students' alternative conceptions , as a way of 
representation, demands deep study of language, not only in its structure, 
but also in its function. 

• Language is one of the essential tools for communication and structuring 
of thought. That is why the language is of great importance for the 
school. 

• Scientific concept formation and the achievement of conceptual change 
are both in intimate relation with an adequate use of the scientific 
language, because to sorne extent it is considered impossible to separate 
them. 

3 Research methodology 
The investigation was carried out with a course of 21, 17-year-old students 
of grade 1 of Secondary School, I.E.S. Gorgs, located in Cerdanyola del 
Valles, (Barcelona). In order to collect the information, a questionnaire was 
designed and validated in which a series of open questions were proposed to 
the students. The principal goal of these questions was to encourage students 
to write the response to the question or the forrnulated problem. The 
analysis of the information was made in long texts (5-15 lines) . The 
linguistic as well as conceptual analyses (Tamayo, 1999) were accomplished 
taking into account not only long texts, but also short expressions (2-3 lines) 
produced by the students. 
In our research, the long discourses on respiration produced by the students 
were analysed and possible important cognitive-linguistic obstacles in the 
learning of this conceptual field were identified. The different 
conceptualisations of students were evaluated according to three criteria: 
coherence, appropriateness, and conceptual exigency. These criteria 
allowed us to make an initial characterisation of the kind of discourse used 
by the students. In this characterisation we determined the coherence 
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criterion as a central aspect, while we considered the other two criteria of 
analysis as contribution to the central one. 
Coherence: Written discourse coherence is determined not only by the 
sentence order, but also by its meaning in a certain context; it can be global 
or local. Local coherence is in intimate relation with the sequence of 
sentences that constitute the discourse; it can be conditional, when the 
conditional or temporary relations have priority among facts or actions; or 
functional, when propositions have a semantic function by themselves 
defined in terms of the relationships with previous propositions (see figure 
1 ). In this second case, a proposition can act as a specification, an 
explanation, an example, a comparison or a generalisation with respect to 
previous propositions (van Dijk, 1989). 

B 

Figure 1: Conccpt rcprcscntation of local 
and functional coherence with a group of 8 
difft:renl variables used hypolhetically in 
studems· wrillen discourse. In scheme A. 
corrcsponding to loca l cohcrcncc. a cascadc 
disposition can be obscrvcd for cach of thc 
different variables used in the di scourse. lt 
is worth noting the insignilicant 
interrelation established among them and 
thc poss ibility to tind groups of 
unconncctcd variables. 1 n schcmc B, 
corresponding to functional coherence, a 
different organisation of the samc number 
of variables is obse rved. functionality of 
variable 2 stands out in th e organisation of 
studcnts' writtcn discoursc; in this is 
assumed. case Lhe presence of a variable or 
a conccpl around which the olher variables 
used by thc studenls are organised. 

The most important element in the semantic information of the written 
discourse is the explanation contained in its macrostructure or global 
coherence; without this, it would not be possible to control the local 
connections already done and those that come after them. The absence of 
global coherence make student connect sentences in an appropriate way by 
following local coherence criteria. In other words, global coherence of the 
text orients the establishment of relationships between the different 
propositions and a sentence used in the discourse and, besides, it is semantic 
information that provides total discourse unity. In the analysis of students' 
written discourse, local and global coherence determine its multiple 
meanings, in addition to the context in which the discourse is generated. 



332 Proceedings ofthe fll Co11ference of Europeon Researchers i11 Didactic of Biology. 
September 271h-Octoberls1 2000. Sa111iago de Compos1e/a (Spain) 

Appropriateness: This evaluates students' written discourse according to 
the different paradigms that have historically prevailed in the conceptual 
field of the respiration. lt should be noted that the appropriateness of these 
constructions was evaluated based on the paradigm to which they belong, 
and not the paradigm that is currently accepted for the conceptual field of 
respiration. In the study of respiration, we consider as central paradigms the 
following: vital breath, gas exchange, combustion, oxidation and chemi
osmotic connection (Tamayo, 1999) . As illustration of the previous 
consideration, we are presenting two answers to the questions: When you 
exercise, have you noticed that you brea/he more quickly !han when you 
rest? Why do you think there is this diflerence in respiration? First of texts 
belongs to the paradigm of the respiration as gas exchange, 

This difference in respiration is due to our consumption of oxygen. When 
exercising we make an ejfort, so we consume more oxygen because our 
muscles need more blood, then, our heart pumps more frequent/y. 
A ccording to the exercise that we are doing our respira/ion will be 
aerobic (with oxygen) ar anaerobic (without oxygen). Sportsmen 
recommend not to stop immediately, but smoothly when you finish an 
exercise so that the heart re/axes regular/y (Maria). 

and the second text belongs to the paradigm of combustion at a cellular 
leve!. 

When doing unusual activities such as walking, running, etc., the cells of 
our organism need more oxygen, because they II burn II nutrients by 
means of oxygen in a process called cellular respiration to obtain more 
energy for this activity. This energy must be very high when we exercise, 
for that reason much m.ygen is needed. Based on this, first we must catch 
that oxygen and we have the respirato1y system to do it (Carlos) . 

Conceptual exigency: We considered pertinent to include the number of 
variables used by students within the analysis that we made as a conceptual 
exigency of their written discourse. As an example we present the text 
produced by Ana, in which we identified the following central ideas: taking 
oxygen from the air, combustion, gas exchange, energy obtention and blood 
irrigation. 

We take oxygen from the air and it goes to the lungs where combustion 
takes place where carbon dioxide is comes off and oxygen remains. This 
he/ps us to obtain energy that goes to the heart, and the heart will pump 
blood (that takes oxygen) to ali parts of the body. (Ana). 

Joint analysis of coherence, appropriateness and conceptual exigency in 
students' written explanations allows us to go over the central aspect within 
the cognitive-linguistic analysis that we proposed: the kind of discourse and 
its sense, one of the aspects that we will develop next. 
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The written texts were analysed from two perspectives: structural and 
functional. Next we will talk about each one of these analyses. 70% of 
analysed texts have simple causal structures, in which variables or concepts 
are presented in a linear way. Without going deeper into these aspects, it is 
at first important to recognise the prevalence of causality and causal thought 
in the training group, and with these aspects the production of causal 
discourses by students. 
From a functional perspective, consideration of multiple epistemological, 
ontological and cognitive-linguistic influences in written discourse analysis 
provides us valuable tools to understand its global coherence. The last of 
these aspects is the most relevant information as far as the content of texts 
produced by students is concemed, so we will dedícate more attention to it in 
the analysis that we present in the following paragraphs. In synthesis, we 
orient the contribution of the analysis of coherence, appropriateness and 
conceptual exigency to the characterisation macrostructural of different 
kinds of causal discourse produced by students about respiration. 

• Causal discourse with low functional coherence 
The linear sequence of ideas united by temporary and/or conditional 
relationships is characteristic within this kinds of speech. For example, in 
Maria's text, the identified facts or actions follow a sequence that includes 7 
different variables used adequately within the paradigm of gas exchange, and 
located according to a causal order. The exposition of one or severa! 
sequences of relationships presented in parallel and not related to one 
another is characteristic within this kind of discourse (see table 1). In 
synthesis, severa! groups of variables or concepts are expressed 
independently without establishing possible relationships among them. We 
consider important to mention that the variables used in the explanation 
belong to the group of variables used historically for the explanation of 
respiration within the mentioned paradigm. 
As an example, let's look at Ana 's text shown in the previous page, in which 
we can observe conditional local coherence, that is a central characteristic in 
causal discourses. A particular aspect of this discourse is the presentation of 
proposition in a linear way, and the new exposed propositions do not have a 
specific functionality within the discourse (see table 1). It seems that the 
new propositions are connected with the previous ones spontaneously, the 
latter propositions determine the appearance of the new ones. In synthesis, 
there is a discourse in which the explanatory intentionality of the student is 
not clear, and the propositions used are not oriented towards a unified 
explanation. 
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As it was shown clearly in previous texts, we can find causal discourses in 
which not only coherence, but also appropriateness and the number of ideas 
used is to be different; nevertheless, this kind of discourse follows the same 
dynamics in its construction: its production responds to a space or 
temporary association of facts or phenomena, the product is a discourse with 
low functional coherence. In this type of texts it can be difficult to find the 
central meaning given by the student due to the absence of unified ideas or 
propositions around which the discourse is constructed as a whole. This 
absence of functional character in written discourse production can easily 
make a student divert from his/her initial explanatory intentionality and 
produce written discourse in the form of "mosaics" ofideas. 
As a final aspect of this kind of discourse, we want to emphasise that the 
absence of a functional character is independent of the variables used in its 
construction, in such a way that it is possible to find texts with high 
functional coherence within paradigms that are not shared at the moment by 
the scientific community. 

• Causal discourse with high functional coherence 
We consider within this group of written discourses those that display 
functional coherence, and can have greater or smaller cognitive and 
conceptual demand. The aspect of greater relevance within these discourses 
is the recognition by students of sorne central propositions around which 
discourse is constructed. In this case, the student identifies the central idea 
and the sense that he/she wants to give to the discourse. Besides, he/she uses 
other ideas taking into account the unitary character of the discourse. In 
synthesis, the student puts to the service of his/her explanatory intentionality 
a group of ideas, each one of which has a more or less precise function 
within the final discourse. We illustrate sorne of the aspects mentioned 
before in the following text. 

The cells of our organism when doing an unusual activity, such as 
wa/king, running, etc. need more oxygenation, because through a process 
called cellular respiration, they "burn II the nutrients by means of oxygen 
to obtain more energy far this activity. This energy must be very high 
when we exercise, far that reason much oxygen is needed. Based on this, 
first we must catch that oxygen and far it we have the respiratory system. 
Part of the air of our environment goes to the blood and the red globules 
are in charge to take it to the cells. As the cells need many nutrients and 
much oxygen, the heart works more quickly in arder to ''pump" more 
blood and therefore the respiratory system must take more oxygen. Due 
to this, we breathe more quickly. (Carlos) . 

In the mentioned text, there are 7 identified different ideas (centred in the 
concepts of: cellular activity, oxygen necessity, nutrients, energy, respiratory 
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system, blood and cell), which are related initially in a linear way and later 
they are interrelated (see figure 2). It is worth noting the clear definition 
within the paradigm of combustion at cellular leve!, with support of the 
paradigm of gas exchange. 
We mainly centred the importance of this kind of discourse in the obtained 
final unity. It is a discourse in which the student uses concepts originated 
from different paradigms in order to achieve a global explanation. In 
synthesis, contradictions in the explanation given by the student are not 
identified; rather than contradiction, we found complementarity the 
explanation. 
It is worth noting the important difference found between those who make 
explanations with greater conceptual content and these who limit themselves 
to use a low number of propositions. In the text produced by Carlos, there 
are a total of 7 concepts related to logical sense through 12 propositions as 
far as the respiration concerned, while Javier uses in his explanation 4 
concepts (see table 1 ). The use of a greater number of propositions with 
logical sense within the field of study causes that the explanation given by 
the student is more complete. In Ausubelian terms we would affirm that 
Carlos's text displays a greater conceptual content in this field of study; or in 
terms of cognitive psychology we would talk about a conceptualisation with 
greater cognitive demand. 

Gas t:xchange 

Figure 2: (a) Thc figure outlincs thc rclationships cstablishcd by Carlos. Thc conccpts of ccllular 
activity (1). oc>:ygen necessity (2). nutrients (3) and energy (4) are related linearly. lt is interesting 
to note the organisalion of Lhcse conccpts with certain functional character, wherc concepts 1, 2 and 
3 are uscd bascd on conccrt 4. Thc conccpts rrcscntcd in figure 2b are rclatcd more dircclly to 
aspects that deal with the gas exchange process. In figure 2a as well as in figure 2b. certain 
functional character in the explanation given by Carlos is observed. /\nalysing the relationships 
established between two grours of conccpts, this fimctionality is more noticeable. In the 
rdalionships between two groups uf concepts, the conccpt cdl (7) acquircs importance. and is 
related to oxygen consumption (2) as well as to the use of nutrients (3). In addition, we emphasise 
the use of summarised expressions in the discourse. such as: "based on this, first ". " duelo this ", 
which rein[orce the fimctional character ofCarlos's discourse 
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• Mixed causal discourse 
We could initially say that this kinds of discourse is halfway between the 
other two kinds mentioned befare. The relationships among the propositions 
have certain character of functionality; nevertheless, the sequences of 
propositions in cascade are preserved, which leads to a text production 
where the predominance of either local coherence or functional coherence is 
not easily observed. 

There are two processes in respiration: inspiration and expiration. 
Inspiration is a process in which we take oxygen. Lungs are filled with 
oxygen and oxygen combustion takes place in the cells. Expiration is the 
process in which we release C02 from our body. Lungs return to their 
normal state. (Marta). 

This kind of texts needs our attention in the sense that it <loes not follow 
rigorously a causal sequence of conditional propositions as in Maria's or 
Ana's cases. In other words, it is a text in which sorne functional 
intentionality in the student explanation is demonstrated . In addition, certain 
"effort " is observed to produce an explanation that is not to be restricted to 
space and temporary conditioners of simple causality . Besides, the 
mentioned text is very different from texts with functional coherence, as in 
Carlos's case (see table 1). 
We basically centre the importance of the different kinds of discourse 
described previously for didactics of science in the existing relationships 
between their production and the formation and evolution of scientific 
concepts. The interdependence between discourse production and conceptual 
construction is one of the central strands that leads to concept formation, 
science leaming and finally to thought structuring. In this sense, in didactics 
of science, the study of written discourse should be oriented initially to 
identify possible obstacles in the linguistic sphere, which in conjunction with 
epistemological and ontological obstacles would be a point of initial 
reflection that orients the didactical intervention in a certain field of 
knowledge (see figure 3). 

5 Conclusions 
Now we want to summarise the main characteristics of the written discourse 
of the studied group: 
• The analysed texts showed local conditional coherence. 70% of the 

studied texts belong to this category. 
• As a consequence from the previous point, the sequence of the analysed 

texts is linear; ideas are related by meaos of causal connectors. 
• The identified functional coherence in the training group tends to be low. 

Only 22% of the analysed texts showed functional coherence. 
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wi th little cogniti ve 
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Figure 3: Main linguistic obstacles identified in texts produced by students 
and their importancc far didactics of science. 

• Since global coherence depends on the specific topic, it is important to 
note students' tendency to make conceptualisations in which a clear 
global structure is absent. In other words, low global structuring was 
found in students' expressions; these belong to one or other paradigm of 
respiration. From this point of view, sentence sequences connected by 
causal connectors are frequent; the function of each sentence within the 
whole text is not clear. 

• When considering global coherence as the rnost important aspect of 
written discourse analysis in science classes, we can find high or low 
quantitative or qualitative estimations. In these estimations, "cognitive 
demand" of conceptualisation and its content rich in concepts play a 
central role. In synthesis, global coherence of the analysed texts seems 
to depend extremely on the use of a low number of sentences organised 
sequentially, causing the production of coherent discourse production 
with little cognitive and conceptual demand. 

In didactics of science, identifying possible obstacles -in our case, linguistic 
obstacles-, allows to define various central elements for didactical 
intervention, not only at the initial stage of programming, but also in ali self
regulation activities of the teaching-learning processes. 
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Consequently, the aspects indicated before allow to a certain extent to orient 
didactical interventions, from a linguistic perspective, at least in the 
following senses: 

1. Favouring non-linear discourse production in students. 
2. Encouraging the gradual acquisition of a greater global coherence in 

the field of study. 
3. Stimulating knowledge of the global structure of discourse and, within 

it, the contribution meaning of the different propositions and sentences 
that constitute it. 

4. Using multiple representations of facts, phenomena, concepts and 
theories, as well as, relationships among them. 

Partial results that we have advanced here are the first part of a written 
discourse study in science classes; this is an open and dynamic field that will 
undoubtedly permit in the near future better understandings of educational 
processes and science leaming. 
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FLOWERS AND HORSES FOR GIRLS? ON GENDER-SPECIFIC 
DIFFERENCES IN NATURE EXPERIENCE, ENVIRONMENTAL 

KNOWLEDGE AND ENVIRONMENT AL ACTION 

Susanne Bogeholz 
Institute for Science Education (IPN) at Kiel University 

Abstract 
This paper reports on gender-specific differences in nature experience, 
environmental knowledge and environmental action in Gem1an adolescents. 
The analyses are based on a nation-wide, cross-sectional study (n= 1243 ). 
Female students report 11 nature experiences per month more than male 
students on ali twenty nature experience items. Specifically, female students 
report more frequent and more appreciated aesthetic and social nature 
experience, while male students show more ecological nature experience . 
Frequency and appreciation conelate stronger in boys than in girls. Thus, the 
gender-specific difference in the ratios between appreciation and frequency 
is higher for girls, especially, highest in the ecological dirnension. Female 
students know more plant species, but male students show higher action
specific knowledge and higher knowledge on global life support systems. 
Girls show higher motivation and intention for environmental action . 
Appreciation (frequency) of nature experience explains 32.9% (30%) of the 
variance in the intention to act in girls; and 30.2% (27.3%) in boys . 
The higher frequency and appreciation of nature experience in girls is 
reflected in their higher intention for direct environrnental action, especially, 
in the aesthetic and social dimension ("flowers and horses"). Because of the 
high difference between frequency and appreciation, girls also revea] the 
highest potential to respond to instructions promoting ecological 
expenences. 

1 Objectives of this paper 
Nature experience, environmental knowledge and environmental action are 
important foci of the didactics of biology. Nature experience and 
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environmental knowledge contribute significantly to the intention for 
environmentally sound action; in addition to their instrumental value in 
fostering environmental action, they are of high pedagogical valence in their 
own right. Thus, the knowledge of gender-specific differences in any of 
these fields contributes to the gender-sensitive design of curricular as well as 
extra-curricular activities in biology didactics. 
Nature experience is a powerful predictor of the intention for environmental 
action. Its influence is only surpassed by the influence of family and peers 
on the intention for environmental action (Bi:igeholz 1999a, b). Particularly, 
nature experience is a better predictor than environmental knowledge and 
than percei ved environmental thread . It has also been shown that the 
frequency of nature experience corresponds with the appreciation of nature 
experience in students (Bi:igeholz 1999a, 2000). 
This paper supplements the preliminary discussion of gender-specific 
differences in Bi:igeholz (1999a) by additional in depth-analyses of the 
question: Do male and female students differ in their nature experience, their 
environmental knowledge and their motivation and intention for 
environmentally sound acrion? 

2 Theoretical background 
Theoretical considerations as well as empírica! studies point to the existence 
of gender-specific differences relevant to biology didactics. Differences can 
be found in the affective, the cognitive; and the perfom1ative domain. 
Higher values for women and/or girls have been shown for affective aspects 
of the individual-nature-relation (Gifford et al. 1982-1983, Grob 1991, 
Szagun & Mesenholl 1993, Szagun et al. 1993). Female children display a 
greater emotional attachment for domestic pet animals than male children 
(Kellert 1985). This attachment results in a differing attitude towards 
educational encounters with zoo animals or biological exhibit specimens. 
While girls tend to explore their feelings and emotions, boys tend to search 
for factual knowledge (Tunnicliffe 1998). Consequently, there is evidence 
that pretty and cute animals are better known by girls (while fish and 
predators are better known by boys; Eschenhagen 1982, Kellert 1985). The 
relevance of affective approaches to the environment in girls expresses itself 
in above-average appreciation (and frequency) of social and aesthetic nature 
experience (see below; Bi:igeholz 1999a, Lude 2000). 
Generally, boys display higher environmental knowledge (Arcury et al. 
1987, Bi:igeholz 1999a, Eschenhagen & Schilke 1973 , Gifford et al. 1982-
1983 , Grob 1991, Lyons & Breakwell 1994, Schahn & Holzer 1990, 
Zimmermann 1996). Knowledge of plant species may be higher in girls, 
however (see references in Bi:igeholz 1999a). 
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Regarding motives for environmental ly "friendly" action, differences in 
environmental concern and attitude are well documented. For local issues -
such as river/air pollution, waste disposal and houshold behaviour - women 
are more environmentally concernd than men (Blocker & Eckberg 1989, 
Schahn & Holzer 1990). While local environmental hazards qualify as 
"women • s issues" (Blocker & Eckberg 1989), there are not conclusive data 
on the concern for the environment in general (Blocker & Eckberg 1989, 
Davidson & Freudenberg 1996, Mohai 1992, Arcury et al. 1987). 
Environmental activism, however, is substantially lower for women !han for 
men (Mohai 1992). Kals (1996: 112) reports that sex is statistically correlated 
with eight out of eight "ecologically relevant attitudes" ("Bereitschaften") 
for environmental behaviour. 
Regarding environmental action itself, the empírica) results are equivoca!. 
Grob (1991) finds that women act more environmentally responsible than 
men do, while a meta analysis indicates that there "appears to be no 
relationship between gender and responsible environmental behavior" (llines 
et al. 1996/97:6). 
The inability of sorne studies to demonstrate gender differences may be 
related to a subcomplex differentiation of the different do111ai11s uf 
environmenta/ action (cf. Diekmann & Preisendorfer 1992). The present 
study seeks to overcome this potential short-coming by a detailed assessment 
of different domains of action, such as nature conservation, waste , energy, 
and traffic behaviour. Additionally, the eventual fomrntion of the intention 
for environmental action is viewed as the final step in a complex action
generation process (see Integrated Action Model, 1AM; next section). 

3 Research design and methodology used 
Sample 
The study is based on a nation-wide cross-sectional survey (n = 1243; 200 
items-questionnaire) covering grade 5-13 of ali school levels. The survey 
was conducted in winter 1996/ l 997 in five different German states. The 
questionnaire asks in four sections for (a) positively perceived nature 
experience, (b) environmental knowledge, (e) environmental action, and (d) 
for socio-demographic factors (Bogeholz 1999a: 213-23 7). Beca use the 
participants of the survey were recruited not only from school classes, but 
also from adolescent members of nature related groups, e.g. Friends of the 
Earth, Youth Scouts etc., an above average number of participants (54 %) 
was active in such groups. Of the participants, 52 % were male and 48 % 
were female students. Figure l depicts the sample composition. Boys and 
girls are nearly equally represented in ali age classes. 
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Figure 1: Sample composition (n = 1243) 
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Assessment of nature experie11ce 
Nature experience (frequency and appreciation) was surveyed in five 
dimensions: aesthetic, scientific, ecological, instrumental, and social nature 
experience (Mayer & Bogeholz 1998, Bogeholz 1999a, Bogeholz et al. 
2000) . 
I used a four-tier answering format (see Tab. 1 ). For the statistical analyses, 
Coding 1 was used if an assessment of the absolute number of nature 
experiences per month was sought, otherwise I employed Coding 2 for 
measuring the frequency of nature experience as in Bogeholz ( 1999a). 
Appreciation of nature experience is coded exactly as in Bogeholz 1999a (O 
= Ido not enjoy it, 1 = I enjoy ita little, 2 = I really enjoy, and 3 = I enjoy it 
very much). 

Table 1. Recoding of the frequency data of nature experience for Figure 3a 

Relative response Quantitative specification Coding 1 Coding 2 
format in the 9uestionnaire [times eer month: 
l never do it. O.O o 
1 seldom do it. Maximum once a month 0.5 
[ often do it. One to four times a month 2.5 2 
l do it ve2 often . Mínimum once a week 7.0 3 
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In order to calculate the apprec iation/frequency-ratio of nature experience , 
Coding 2 was used for the frequency of nature experience. Additionally, 'I' 
was added to all appreciation and frequency values to prevent divisions by 
zero. This re-coding operation results in a more adequate representation of 
the sampled population. Otherwise, important inforrnation 011 the 
appreciation of nature experience was lost for those participants who did not 
report any nature experience. It has to be noticed that the ratio itself 
represents only an abstract construct. 

Figure 2a. Dimensions of nature experience 
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Environmental knowledge on five topics -knowlegde of plants, knowledge 
of anirnals, knowledge on ecological concepts, action-oriented environ
rnental knowledge, and knowledge on global life support systems- was 
sampled (for a more extensive explanation see Bogeholz 1999a). Trivially, 
environmental knowledge is expected to increase with age. Thus, in the 
analysis of environmental knowledge, age was used as a covariate. For ali 
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investigated constructs age in years showed a significant effect as expected 
(p < 0.0005). 

Environmental action 
I surveyed environmental action employing the Integrated Action Model 
(1AM), which integrates severa! psychological theories to reconstruct the 
action generating process (Rost 1997, Rost 1999, Bogeholz et al. 2000, 
Dempsey et al. 1997, Martens et al. 2000) . Based on perceived social needs 
and perceived environmental threat, the model postulates three phases: (i) 
the motivation phase that leads to the fonnation of a motive, (ii) the action 
choice phase, resulting in the generation of an intention to environmental 
action, and (iii) the volition phase, concluding with the conduction of an 
environmentally sound action. Seven constructs of the IAM, which are 
potentially accessible by curricular biology education, were selected for this 
study (cf. Figure 2b, employed variables printed in bolt face). 

Figure 2b. The Integrated Action Model (Bogeholz et al. 2000) 
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Social needs and environmental threat (as well as nature experience) are 
fundamental, initialising factors for environmental action. I assessed 
environmental threat because of the attention it continues to receive in 
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environmental psychology, and because of the historical relevancc of 'threat
based' instructions in environmental education. Within the motivati on phasc, 
I assessed to whom the participants attributed environmental respons ibil ity 
(externa[ attribution , e.g., attribution "to thc industry" or "the statc", and 
interna! attribution to oneself). From the action choice phasc, I investigated 
the outcome expectation and self-efficacy. Outcome expectation describes 
the knowledge and believe that a certain environmental action has the 
desired proximal effects. Self-efficacy measures the degree of competence 
feeling to perform the environmentally sound action. 
The intention for environmental action is investigated for direct as well as 
for indirect action. The intention for direct action comprises thc propcnsity 
of a person to act himself or herself, while the intention for indirect action 
measures the propensity to interact with other people as to induce 
environmentally sound behaviour in thern. 

Statistical data analyses 
Statistical standard methods are applied (linear regression, t-tests). Explainccl 
variance is reported by adjusted R-square values (r2KoRR), Ali ca lcul ations 
were performed with SPSS, version 7.5. Asterisks in tables and figures 
denote significance levels: ***: p:::; 0.001 ; **: p :::; 0.01 ; *: p:::; 0.05; 1*l: 0.05 
< p < 0.1 O (tendency). 

4 Results 
Nature experience 
The females of the sample are calcu lated to have 46 ± 1 (mean ± 1 SE) 

nature experiences per month on ali twenty nature expericnce items . In 
contrast, male students report only 35 ± 1 nature ex peri en ces. Di fferentiated 

according to the five nature experience dimensions (see Fig. 3a), fcmale 
students show more frequent aesthetic , instrumental and soc ia l nature 
experience than male students (p < 0.001 ). In contrast, malc stud ents 
experience nature slightly more frequently in the ecological dimcnsion 
(p < 0 .05) . Furthermore, girls appreciate aesthetic, scientifíc, instrumental 

and social nature experiences stronger than boys do (p < O.001 ; sec Fig. 3 b ). 
Regarding the ecological dimension , the higher appreciation of girls is not 
statistically signifícant. 
The .frequency of nature experience explains 57,7% of the va riancc in the 
appreciation of nature experience in girls and 63 ,0% of the variance in boys. 
The regression equations are 

appreciationgirls 0,626 + 0,840 * frequency girls 
appreciatÍOllboys = 0,434 + 0,907 * frequencyboys 
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Figure 3a. Frequency of nature experience dimensions (Coding 1) (mean of 
4 items/dimension; ± 2SE, n = 1243) 
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Figure 3b. Appreciation of nature expenence dimensions (mean of 4 
items/dimension; ± 2SE) 
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Figure 3c. Appreciation / frequency-ratios of nature expertence per 
dimension a 4 items (mean of ratios ± 2SE) 
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Table 2. Appreciation of nature experience explained by frequency of 
nature experience in fernale and male students (P-value = p-value 
of the differences between females and males in their correlations 
between frequency and appreciation) 

Dimension P-value Females Males Difference in 
2 2 , 

f KORR f KORll f- KORR 

Aesthethic 0,350 0,671 0,659 0,012 
Scicntific 0,002 0,582 0,680 0,098 
Instrumental 0,001 0,504 0,618 0,114 
Ecological 0,011 0,415 0,511 0,104 
Social 0,316 0,427 0,406 0,021 
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Regarding the correlation betwee11 frequency and appreciation of nature 
experience, boys show stronger correlations in the scientific, instrumental 
and ecological dimension than girls (p < 0.05 ; r2 

KORR about O. I higher; see 
Tab. 2). In the aesthetic and social dimensions, there are no statistically 
significant differences between boys and girls. 
The results from the comparison of the appreciation/frequency-ratios of 
nature experience are displayed in Figure 3c. The appreciation/frequency
ratios of nature experience range from 1.08 (instrumental dimension , boys) 
to 1.43 ( ecological dimension, girls ). As these ratios represent an abstract 
number, it cannot be inferred that boys and girls "want more nature 
experience than they get" just because the ratio is > 1. However, a 
comparison of these ratios allows for a relative assessrnent of the 
relationship between frequency and appreciation of nature experience. 
The gender-specific difference in the ratios is highest in the ecological 
dimension. The ratios are higher for girls in the scientific, instrumental and 
ecological dimension. The differences between boys and girls are significant 
for the ecological (p < 0.0005) and the scientific dimension (p < 0.05). For 
the aesthetic, social and instrumental dimension, ratios hardly differ. 

Enviro11me11tal knowledge 
Female students show higher knowledge on plant species (p < 0.001 ; see 
Fig. 4). Particularly, girls know more common Angiosperms (p < 0.001), 
more cereal plant species (p = 0.001) and more trees (p < 0.001) . Male 
students only show a tendency (p = 0.069) for higher knowledge 011 animal 
species. For insects as well as for birds , no significant differences were 
found. In contrast, boys know more fish species (p < 0.001 ). 
For action-oriented environmental knowledge as well as for knowledge on 
the global life support systems, male students have more environmental 
knowledge than female students (p < 0.05) . There are no significant 
differences between males and females concerning knowledge 011 ecological 
concepts. 

Environmental actio11 
For three of the seven investigated constrncts of the I A Model , girls show 
significantly higher motivation and intention for environmental action 
(interna! attribution of responsibility, p = 0.023 ; self efficacy, p = 0.001; 
direct intention, p < 0.0005 ; see Fig. 5). For the intention to direct action, 
appreciation (frequency) of nature experience explains 32.9 % (30 %) of the 
variation in girls; and 30.2 % (27 .3 %) in boys (data not shown). 
There are no differences between male and female students for energy 
saving in the household and personal use of public transportation; but there 
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Figure 4. Environmental knowleclge with age as covariate (mean ± 2SE; 
n = 1243) 
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Figure 5. E nvironrnental action-generation by selectecl constructs of the 
Integrated Action Model (mean± 2SE; n = 1243) 
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Figure 6. Area-specific intentions for environmental action (mean ± 2SE; 
n = 1243) 
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are significantly higher intentions of females concerning nature conservation 
and waste reduction (p < 0.0005; see Fig. 6) . 

5 Summary and discussion 
The differentiated assessment of environmental knowledge presented here 
yields a more detailled pattern of gender differences than previously 
documented (Gifford et al. 1982-1983, Grob 1991, Lyons & Breakwell 
1994, and Zimmennann 1996). Specifically, the highest difference is found 
in the knowledge about plants, where the suspected superiority of female 
students could be proven unequivocally. Male students showed slightly 
higher knowledge on global life support systems ( cf. Arcury et al. 1987), and 
higher action-oriented knowledge. The general knowledge on animal species 
and the knowledge on ecological concepts hardly differed. 
Gender specific differences regarding environmental action could be 
demonstrated for three out of seven constructs of the 1AM, including the 
intention for environmentally sound action . Across ali constructs, female 
students tend to report higher motivations and intentions. Focusing on area
specific environmental action, girls have higher intentions for nature 
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conservation and for waste reduction. Silberzahn-Jandt (1999) and Schultz 
(1994) find that elaborate "waste cultures" exist among women that rnay also 
iníluence the waste behaviour of female adolescents - e.g. by cornpliancc to 
a waste reduction culture in order to attain social recognition. In spitc of the 
statistically significant differences, it has to be noted that gender has only a 
very weak effect on waste behaviour (cf. also Schultz et al. 1995). Thc effect 
on nature conservation is even smaller. 
At first glance, the higher intention for nature conservation in girls seems to 
contradict the lower ecological nature experience - a dirnension also 
operationalized by "nature conservation items", but the items differ in an 
irnportant aspect. The items assessing the area-specific environrnental action 
are of a "prívate" character focusing on the observance of conscrvation 
codes of individual behaviour. The items of ecological nature expericncc, 
however, mainly target group activities that aim at ecological problcm 
solving or restoration. 
There are pronounced differences between boys and girls in the frcqucncy 
and appreciation of nature exper ience. lt could be objected that the highcr 
values of girls (especially in the aesthetic and social dimension) rnay be 
iníluenced by the greater willingness of girls to describe their fcclings and 
personal experiences concerning their relationship towards naturc (cf. Aho 
1984) . Evcn if this explanation was true, it would not explain why girls 
specifically appreciate ecological nature experience rnuch more than thcy 
conduct it. This "nature experience gap" is demonstrated for the first time in 
this study (see Fig. 3a-c). 
Regarding the nature experience gap, girls revea] high potential to respond to 
instructions that promote ecological nature experience, a crucial dimension 
for environmental action: (a) it is the only dimension of naturc expcrience in 
which girls trail boys, and (b) the "gap" between appreciation and frequcncy 
of nature experience is highest herc - as roughly indicated by the differing 
appreciation/frequency-ratios (see Fig. 3c) . 
Regarding possible reasons for the nature experience gap in thc ccological 
dimension, the social setting in which ccological nature experience is carriccl 
out rnust be analysed. lt is known that female adolescents spend much time 
in close-knit social groups, often even in close t,vo-girl friendships (Fcnd 
1998:328f). In contrast, male students tend to live in largcr peer group 
"cliques". As ecological nature experience consists to a largc dcgree of 
group activities akin to the social preferences of males, l suggest that the 
current mode of organized hands-on nature conservation activitics for 
adolescents may carry an undiscovered structural gender bias . The high 
intention of girls for nature conservation activities in a prívate setting, and 
the skewed gender ratio in naturalist and conservation groups (Bogeholz 
1999a) support this interpretation . 
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Which implications for the practice of environmenta1 education should be 
drawn? Biology curricula that stress nature experience may help girls to 
catch up in those fie1ds of environmental knowledge where they trail boys 
(action-oriented knowledge, knowledge on global life support systerns) . 
Especially the high appreciation of social and aesthetic nature experience in 
girls represents a hardly exploited resource to transport environrnental 
knowledge. In so far, "horses and flowers for girls" represents a promising 
approach to an enhanced utilization of nature experience in group-specific 
environmental education or teaching of bio1ogical topics . The most 
promising approach, however, is likely to target the nature experience gap 
for girls in the ecological nature experience dimension. 
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INTEGRATION OF ENVIRONMENTAL AND HEALTH 
EDUCATION IN CONTAMINATED AREAS. THE CONTRIBUTION 

OF BELARUSSIAN TEACHERS 

Fred Brinkman 
Hogeschool Holland. Diemen. The Netherlands 

Abstract 
Teachers participate regularly in in-service courses. The lesson material and 
the way in which we developed it was presented in one of the experimental 
schools to 35 science, biology and health teachers from the region during a 
one day in-service organised by the regional educational inspector. Next to 
the teachers , people from the Red Cross and the educational department 
assisted to the course in which the use of pupils' ideas and local contexts in 
lesson material was presented. 
In this course the participating teachers developed a lesson in which they 
integrated man in a local food cycle. This is in contrast with the school 
curricula in which such an integration never occurs. Evidently, the concept 
that man is an integral part of the cycle in nature is easily acceptable for 
them. 
Pupils' ideas are only used by half of the teacher groups. So this didactical 
approach presented in the teacher course is taken over less eagerly. 
Local conditions are generally taken up by the teachers in their new lesson 
scheme. Although not present in the curricula, this contextual didactical 
approach meets no resistance in the Belarussian teachers. 
Contamination with radioactive materials was integrated by the teachers in a 
variety of subject areas, like Biology, Science and Physics. This in contrast 
with the curriculum where we found 'radiation' treated as a subject on its 
own, separated from health and environmental subjects' areas. 

1 Introduction 
This paper is a part of the outcomes of the EC-founded research-project: 
Living in contaminated areas. (Brinkman,1999) . The project pays attention 
to the continuing confrontation of the Belarussian population, in the 
Kostyokovichi region, with contamination of long-living radioactive 
isotopes persisting in the natural cycles of matter after the Chernobyl 
disaster. The communication about this topic between government and 
society is subject of study here. Especially future generations that have to 
live in areas that are still contaminated for the coming 100 years should be 
informed about the risks of the continuing contamination of their local 
foodcycle. 
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Our aim was to describe the character of the state of information for young 
people in contaminated zones as formalised in school curricula and practised 
in their education about health and environment. To do so we studied the 
role of the main factors in the flow of information: the government and 
related agencies , local educational authorities, the teachers, local 
communities and the children themselves. 
In this paper we focus on the role of teachers in the curriculum development 
process that was started in the contaminated regions in Belarus. 

1.1 The teachers and the preconceptions of their pupils 
Teachers in Belarus are confronted with schoolchildren (12 -14 years old) 
that have their own ideas about contamination, health and environmental 
issues before they are teached about these subjects. 
Vía interviews, drawings and conceptmaps of Belarussian pupils we found 
.they think that radioactivity, once ingested, stays in their body, especially in 
the stomach, forever. Most think that the food goes not further either. The 
function of food is to still hunger, not the delivery of nutrients. The only 
nutrients they name are vitamins. Contamination is a sort of anti-vitamin that 
can be compensated by medicines, sorne say. 
Pupils do not know that mushrooms from the wood can be contaminated. 
The recycling of radioactive materials in nature does not occur according to 
the pupils, because radioactivity, once in the soil, disappears. Human beings 
are no part of the cycle, animals are . Animals can ingest radioactive 
materials and will die of it. 
Pupils did not refer to their own conditions of life and local circumstances in 
their preconceptions about food and environment (Kievits et al, 1998). 
The teachers are not aware of these ideas of their pupils. as the current 
curriculum, formal as it is in its time schedule and subject-matter does not 
give much opportunity for interaction on these topics. 
We investigated the formal school currículum for lower secondary education 
and looked after the subject areas contamination, health and environment.. 
The most striking outcome was that the three subjects never were 
interrelated : environmental contamination did not occur in the health 
currículum, the role of man and his behaviour in contamination did not occur 
in the cycling of matter and the flow of energy through life and 
contamination and its effects on men health and the influence on foodcycles 
did not occur at ali. 
We used the findings on the content and the time-schedules of these 
curricular subjects for integration into the pilot lesson series that we 
developed (Van den Akker, 1998) 
We developed on this base lesson material about food, cycles and 
contamination in the Russian language . Included in the lessons were the 
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preconceptions of the pupils we found and sorne real life contamination 
problems that we registered in the local community. Three schools in the 
contaminated region in Belarus. tried the tvm lessons out. 
Pupils gave in general adequate solutions for the problems presented to them 
in the lessons and thus showed a better understanding of their environment 
and of the role of themselves in coping with contaminated food.(Kievits et 
al., 1998). 
These outcomes and the development process of the lessons were subject of 
an in-service course we organised for ali secondary school teachers in the 
Kastiocovice region. 

1.2 The dissemination for teachers 
Belarussian teachers in and near contaminated areas are concemed about the 
radioactive safety of their environment. Can we !et the pupils swim in the 
river here? Why do we hear no results after we have seen passing the man 
who measures the radioactivity in the neighbourhood? are sorne of their 
questions .(Brinkman, 1999) 
The lesson material and the way in which the material is developed was 
presented to other teachers in the Oblast (province)of Mogilev during an in
service course in arder to spread the information and to !et the teachers be 
aware ofthe integration oflocal context and pupils' ideas in the material and 
the positive effects upon the leaming process. 
To facilitate the implementation of our findings in Belarussian lessons, we 
asked teachers during the in-service course to develop their own lesson about 
contamination in a local food cycle for their own currículum. 
This paper will focus on the in-service course and lead us to the following 
research question: 
In what way integrate Belarussian teachers local context and pupils' 
preconceptions in developing new lessons for cycling of matter in 
contaminated areas? 

2 The in-service course 
On Thursday September the 24 th 1998 an in service course for teachers has 
been organised in co-operation with the educational department of 
Kostyokovichi in school number 4 of Kostyokovichi (see for the programme 
table 1 ) . In total 35 teachers (from the Kostyokovichi region) from different 
disciplines participated in the course. Next to the teachers, people from the 
Red Cross and the educational department assisted to the course. 
The first goal was to disseminate the found conceptions of the pre-research 
to (science) teachers and to health and educational authorities in the Oblast 
Mogilev. The way in which teachers could take the found conceptions into 
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account in their own lessons was also discussed. A second goal was to 
increase the responsibility to one's own health. With the help of different 
case studies (see table 2) the teachers were shown that people in 
contaminated areas could make their own choices in relation with 
contaminated (food)cycles. Based upon this information teachers were asked 
to design their own lesson about environmental radioactive pollution their 
local area including pupils' conceptions. The designed lessons were 
presented and discussed with the participants of the seminar. 
Four groups of teachers worked on the development of a lesson (see table 3) 
during the day. Each group was asked to use one of the case studies to make 
a cycle and explore the possibilities and difficulties for using this case in 
their lesson. The teachers presented their lessons at the end of the course via 
flap-over. 
In what way the teachers take to local context into account can be found in 
the cycle ( drawing) they were asked to construct. The pupils' ideas can be 
found in their lesson designs. 

Table 1. Programme of the in service teacher course on Thursday the 24th 

of September in Kostyokovichi 

Programme 
09.30 - 09.35 

09.35 - 09.40 

09.40 - 10.15 
10.15 - 10.35 
10.35 - 10.45 
10.45 - 11.15 

11.25 - 11.35 

11.35 - 12.30 
12.30 - 13.00 
13.00 - 13.30 
13.30 - 14.00 
14.00 - 15.00 
15.00 

welcome (by deputy of the educational department in 
Kostyokovichi) 
short introduction of project-members; programme of the 
conference 
activity (HC test and drawing about teaching) 
development of lesson material 
discussion 
three case studies (see table 2) and information about 
caesmm 
instruction of activity (use one of the case studies to make a 
cycle and explore the possibilities and difficulties for using 
this case in your lesson; see also table 3) 
working on activity in four groups 
lunch 
working on activity in four groups 
presentation of each group 
presentation of Red Cross and discussion 
closing (by inspector) 
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1 chicken are fed on a contaminated place and the eggs become 
contaminated too 

2 contaminated wood is burned and the ashes are used as fertiliser for 
strawberry 

3 horses eat contaminated grass and the horse-shit becomes 
contaminated 

Table 3. The activity given to each of the four groups 

Activity 

Drawing a cycle 
Draw a cycle in which Cs circulates making use of the case study available 
in your room. Add new steps in the case-study where needed to make sure 
the cycle is closed. 
Make a lesson that focus 011 Cs leaving the body and Cs re-entering in 
tite cyc/e 
1 Write down for which grade and which curriculum subject the lesson is 

meant. 
2 Write down three starting questions for pupils to activate their pre

knowledge and give the pupils' answers you expect. 
3 Which information will be given to the pupils (in great lines)? 

From what source (book or own infomrntion)? 
How will the information be transferred to teachers and pupils? 
Write down three questions that control if infomrntion is understood by 
the pupils. 

4 Develop an activity for pupils in which they can apply the information 
that remediates on Cs-excretion and Cs-re-entry pre-knowledge in your 
cycle. 

5 Write down three control questions for this activity. 
Present your lesson 
Use flap to communicate your lesson to your colleagues during the 

resentation. 
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3 Results 

3.1 Local context 
Each group made a drawing of a cycle in which the cycling of Cs is 
included. 
The first group of teachers used the second case study (see table 2) and 
added grass and cow with milk. The contamination is not coming here from 
a nuclear power plant or another source but is already present in the local 
cycle. Different producers (grass, wood) and animals (including man) are 
represented, although reducers are .not included on the cycle. 
The second group didn 't use one of the case studies but present different 
sources of contamination caused by man . The spread of radiation is shown in 
various ways. Man is included and can become contaminated by Cs vía 
various foods . But after Cs has left man by excrements, urine, endocrine 
system or even meditation the flow stops and no recycling occurs. Man 
initiates the contamination by using radioactive materials but doesn't hold a 
place in the continuous cycling of Cs . Producers and consumers are present 
in the cycle, reducers aren ' t. 
The third group used the first case study (see table 2) and added rain and 
man in the picture. This drawing shows a permanent input of caesium vía 
rain . In this picture are reducers (bacteria) present next to producers (wheat) 
and consumers (chicken and man). Although the reducers only reduce 
(faeces from) consumers, no producers. 
The fourth group used the third case study (see table 2) and added rain and 
man. The rain gives a permanent input of caesium. After the contaminated 
wood is burned in the stove, the radioactivity stays in the ashes. But the 
ashes are not used for something else, the cycle stops there. Reducers are not 
present in the picture but producers and consumers are. 
The case studies were used by three of the four groups. Ali groups integrated 
man in the cycle.they constructed Next to producers and consumers, 
reducers (bacteria) are only present in the cycle of the third group. In three 
pictures rain causes a perrnanent input ofradioactivity. 

3.2 Lesson design 
The groups were asked also to produce a lesson design about contamination 
for a currículum of their own choice. In table 4 the lesson designs of the four 
groups are presented. 
The designs were made for different subjects and different grades: physics 
(8th grade) , special course (9th grade), universe (6th grade) and biology (9th 

grade) respectively. 
Every group has integrated some questions for checking knowledge and/or 
questions for those who didn ' t understand the topic. However the starting 
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questions for pupils to activate their pre-knowledge are only mentioned by 
two groups (group 3 and 4), without the expected answers. So only group 3 
and 4 made adequate use ofpupils' ideas in their lesson design. 
The way of transferring information to the pupils is a form of one-way 
communication by the groups 1, 3 and 4. The teacher gives the infomrntion. 
The activities for applying the information in a cycle are not very clear. 
Group 1 only talks about self work, without identifying what should be done. 
The second and fourth group are talking about concrete examples without 
giving them (maybe the are referring to the cycles they construct earlier). 
The third group uses the cycle they constructed before to apply the new 
knowledge in the local context. 

4 Conclusions about the development of lessons 
Knowledge is not an objective in itself, but that it has to be applied to 
everyday contexts to be accepted as valuable knowledge (Fensham, 1994). 
Teachers developing a lesson in the in service course integrate man in their 
local cycle. This is in contrast with the school curricula in which such an 
integration never occurs. Evidently, the concept that man is an integral part 
of the cycle in nature is easily acceptable for them. 
Pupils' ideas are only used by half of the teacher groups. So this didactical 
approach presented in the teacher course is taken over less eagerly. It could 
mean that in their conceptions about teaching, the teachers stick to a teaching 
concept that takes less into account the ideas of their students. 
Local conditions are generally used from the inforrnation presented in the 
course. Although not present in the curricula, this contextual didactical 
approach rneets no resistance in the Belarussian teachers. 

5 Discussion 
Seeing the different courses for which the teachers designed their lessons 
(see table 4), the subject 'contamination' is not restricted to one specific 
subject. It can be integrated in a variety of subject areas , like Biology, 
Universc (the General Science course) and Physics. This in contrast with the 
curriculurn where we found 'radiation' treated as a subject separated from 
health and environmental subjects' areas. The subject radiation can also be 
taught for pupils from different ages, seeing the levels (61

h ti!! 9th grade) for 
which the lessons were developed. 
In Belarus every subject has it's own programme fixed per grade. In the 
programmes is exactly indicated what the teacher should teach and how 
much time this takes. Even for a lesson of one hour it's indicated what 



Group 1 Group 2 

Subject / Grade Physics / 8th Special course / 9'h 

Starting - -
qucstions with 
expected 
answers 

lnformation lnformation about radiation The basics ofsecurity oflifc 
given to the and radioactivity. And thc activities (so called special 
pupils influences of radiation on course) 

man. Using local exarnples Technical and natural 
(hey, wood, cow, house, catastrophes 
stove, milk, man and Radiation 
bread) to show the cycle of Gcography of radioactivc 
Cs. contamination of thc Rcpublic 

of Bclarus 

Source - The map of contarninated 
territories of Republic of 
llelarus. 
Tables and postcrs. 
Tcxtbooks and mcthodical 
lit~"°'"r~ 

Way of transfer Lecture Discourse with pupils 

Thrce question Why do we study this What is a catastrophe? 
to control ifthe question? Consequences? 
information is The ways of getting rid of Concept ofradioactive radiation. 
well undcrstood Cs from human bcings. Radioactive substances ami their 
by thc pupils What are thc rncasurcs of half-life. 

protection against Contarninated territories in 
contaminated Cs 137? Rcpublic of Belarus. 

Contamination of given territory 
(Kostvokovichi). 

Group 3 

Universe / 6th 

What associations do you have 
when you hear the word cycle ? 
Name the simples! food links in 
the cycle. 
llow can Cs gel into an 
organism? 
110 expected answers give11 

Talking using the scheme of 
cyclc: 
producer ➔ consumer 

K ¡¿ 

decornposer 

-

Lecturc 

Draw a scherne of cycle and 
show how Cs gets to organism . 
Finish the given scheme of cyclc 
ami show the source and the 
ways ofremoving ofCs from 
organism. 

Group 4 

Biology / 9th 

Why does a man need food? 
What way does food go in the 
organism? 
What do you know about radiation? 
With which radioactive element is 
our region contaminated? 
What are the ways of getting riel of 
radioactive elements from 
organisms? 
110 expected a11swers given 

Radioactive elernents and their 
influence to organism. 
Cycle of Cs in nature. 
Ways of gctting Cs into organism. 
Ways for rcmoving Cs from the 
body. 

Scherne of cyclc of Cs in nature. 
Table digestion . 

Lecture 

What radioactive element is the 
most dangcrous for humans in our 
rcgion? 
llow long does Cs stay in the 
organisrn? 
How can you fastcn the process of 
removing radioactive Cs frorn the 
organism? 
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Activity in Self work Individual working with a 
which the concrete examp le . 
information can 
be applied in a 
cycle. 

Three questions How Cs iníluences thc man To ask leading questions on 
to control thc organism? different tap ies. 
act ivity What are the resu lts ofthis 

influence? 
How it gets to organism? 
How to fasten the process 
of removing radioactive Cs 
from organism? 
Suggest the ways far limit 
thc intake of Cs in the 
organism. 

Conclusion Radiation exists in our The easier and more visually 
region. We livc with it. you deliver this material the 
Our aim is to find the ways casicr it would be to understand 
fa r not gctting it. 
contaminated products into 
mans organ ism. 

Local context Using local examples (hey, Us ing concrete examples. 
wood, cow, !10use, stovc, Contamination in the 
milk, man and bread) to Kostyokovichi region. 
show the cycle of Cs. 

Pupil s ideas - -

Makc up thc par1s of a cycle. 
What is the role of deeomposers? 
What do you think, will one meat 
of chicken be contaminated? 

What are thc ways to remove Cs 
from the organism? 
l low to prevent the 
contamination of chicken'1 

How will the cycle change ifyou 
remove one of the com ponents of 
cycles? 

Usage of schemcs makes easier 
undcrstanding ofthe tapie. 
Hclp to orienta tes in li fe 
situations to preserve your 
health . 

Using lifc situat ions (how to 
prcvcnt thc contamination of the 
chickcn?) 

About cyclcs 
How can Cs gct to organism? 

Discussing the concrete 
information. 

Stimulating of students activity 

The territory of our rcgion is 
contaminated with radioactive Cs. 
lt s practically impossible to avoid 
it gctti ng in to the organism. But 
you should try to avoid it. You 
shou ldn t cat products grown in the 
contaminated territory, without 
checking them. To fo llow the 
recommendati ons of spccialists. 

Using concrete information (our 
region). 

The need o f food 
Ways of getting radioactivc 
elements to organisms 

w 
--.J 
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should be taught and in what time and order. The programme is like a 
timetable for the teacher, which should be followed to deal with the 
schoolbook (furnished by the government). The teachers strongly feel to 
follow the programme strictly. So implementation of new or adapted 
materials will be difficult . They also don 't have the possibilities and 
technologies to make own lesson material (no time left because of the strict 
programme, no paper, no typewriters, no copiers etc.) 
The currículum for schools at ali levels centrally organised as it is, doesn 't 
include man as a component of the environment and does not lay relations 
between radioactive contamination and human health . This construct does 
not allow teachers to teach for better understanding of contamination . 
Although we have seen that teachers are able to include man in their local 
cycle. 
We didn't investigate if the teachers used their lesson designs in the schools. 
It will be interesting to continue this research in order to investigate if there 
exist possibilities for implementation the lesson design of the teachers in 
their nom1al currículum centred lessons. 
The purpose of intervention by the teacher is to bring pupils' conceptions to 
fít criteria such as, to promote concept development and change. Much 
writing about conceptual change is in terms of abandonment of primitive 
views and acceptance of a sophisticated one (Fensham et al, 1994). In their 
developed lessons the teachers don ' t use the preconceptions of the pupils to 
discuss the differences and similarities mentioned and to focus on the new 
concept in the orientation phase . Even the comparison between the 
associati ve frameworks before and after teaching is not mentioned yet. 
However the constructivist teaching strategy (orientation - information -
processing/application - reflection) we used in our lesson (Boschhuizen et 
al. , 1991) can also be found in lesson design from two of the four the groups 
(group 3 & 4). 
Teachers in Belarus are able and willing to contribute to a new approach of 
conceptual learning about contamination but are hampered by curricular 
constraints and by shortage of additional material for school-use. 
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DETERMINANTS FOR PRACTISING EDUCATIONAL METHODS 
IN ENVIRONMENT AL EDUCA TION - A COMP ARISON BETWEEN 

TURKISH AND GERMAN TEACHERS USING THE THEORY OF 
PLANNED BEHA VIOR 

Sinan Erten, Sebastian Bamberg, Dittmar Graf & Rainer Klee 
Justus-Liebig-University, Giessen 

1 Summary 
The presented study has three main goals: 1. To find indications for reasons 
which hinder or foster the use of practica! work and excursions in 
environmental education. 2 . To test the applicability and power of a well 
established social psychological theory in our research field. 3. To compare 
results from two different countries. 
As theoretical background we use Ajzen's Theory of Planned Behavior. This 
theory postulates that the more favorable the attitude and the subjective 
norm, and the greater the perceived behavioral control (PCB), the stronger 
the person's intention to perform the behavior in question should be. 
The variables of the Theory of Planned Behavior were measured via a 
standardized questionnaire. 180 questionnaires were filled out by Turkish 
teachers (Ankara), and 107 by German teachers (Hesse). For the empirical 
test the structural equation approach (AMOS) was used. 
Our results confirm the utility of using the Theory of Planned Behavior for 
explaining the teachers' intention to use different methods in environmental 
education. 
We had different findings in the sample of the German teachers for the 
influence of the three variables (attitude, subjective norm, PCB) on the 
intention to carry out practica! work and excursions in environmental 
education. PCB showed a very high path coefficient whereas the value for 
attitude was moderate and the value for subjective norm was low. 
This indicates that a succesful way to foster the use of practica! work and 
excursions may be to establish better conditions. As underlying beliefs 
concerning practica! work we found: more laboratory space and equipment; 
concerning excursions: adequate abilities of the students, fewer discipline 
problems, lower costs. 
In contrast to the German sample, the Turkish sample displayed only low 
values for the paths from PBC and attitude to intention. However the 
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influence of subjective norm was moderate in the case of practica! work and 
nearly moderate in the case of excursions. The underlying beliefs for 
practica) work are parents' and students' expectations, ministry orders; for 
excursions we found: adequate abilities of the students, fewer discipline 
problems (same as in the German sample). From these results it seems to be 
possible to strengthen the Turkish teachers' intention to use practica) work in 
environmental education by increasing their awareness that important others 
expect them to do so. Whether this is a useful approach is discussed. 

2 Goals of the study 
The first and most important goal of our study is to find factors hindering or 
fostering the use of practica! work (especially experiments) and excursions 
in environmental education. These two methods are considered to be 
successful in environmental education. Therefore they should be used more 
often in this field. (Berck 1999, Eschenhagen, Kattmann & Rodi 1998). It 
would be possible to improve environmental education if we have more 
knowledge about the obstacles which hinder the use of the above mentioned 
methods. 
The second goal is to find out whether there are cultural differences in 
environmental education with regard to practica! work and excursions. For 
this purpose the present study compares a sample of Turkish and German 
teachers. 
As the third goal we want to test the applicability of Ajzen's Theory of 
Planned Behavior (in the following abbr. as TOPB). This theory is often 
used in social psychology and marketing, but applications in biology 
didactics research are rare. Shuman & Ham (1997) view the TOPB as a 
useful approach in studying determinants of environmental education, but 
they have not done such research themselves. 

3 Description of the Theory of Planned Behavior (see Klee et al. in 
press) 
The TOPB was developed by Aj zen (1991) and is an extension of the Theory 
of Reasoned Action (Ajzen & Fishbein 1980). 
According to the TOPB human social behavior is reasoned, controlled, or 
planned. Although people's beliefs may be unfounded or biased, their 
attitudes, subjective norms, and perceptions of behavioral control are 
assumed to follow reasonably from these beliefs, produce a corresponding 
behavioral intention, and ultimately result in behavior that is consistent with 
the overall tenor of the beliefs. 
Fig. 1 depicts the model ofthe TOPB graphically. 
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The theory postulates that only intention and perceived behavior control 
(abbreviated as PBC below) are the direct deterrninants of behavior. The 
intention itself is determined by attitude, subjective nom1 and PBC. Attitude, 
subjective norm and PBC themselves are determined by attitudinal, 
normative and control beliefs. The attitudinal beliefs represent the perceived 
positive or negative consequences associated with a behavior, normative 
beliefs represent the perceived expectations of important others (social 
pressure), and control beliefs represent perceived factors hindering or 
fostering the performance of a behavior. 
As a general rule, the more favourable the attitude and subjective nom1, and 
the greater the perceived control, the stronger the person 's intention will be 
to perform the behavior in question . Finally, given a suffícient degree of 
actual control over the behavior, people are expected to carry out their 
intentions when the opportunity arises. If a behavior is not completely under 
volitional control , that is its performance requests social and environmental 
support , the TOPB postulates an additional direct effect of PBC on behavior 
(dotted line inFig.l). 
Compared with models which stress the potential role of personal nonns as 
behavioral determinants (e .g. Schwartz 1977) the TOPB stresses the 
importance of benefit and cost arguments. The individual is seen mainly as a 
utility-maxirnising actor. 
Because of time and money constraints actual behavior was not measured in 
the present study. However meta-analyses show a strong empirical relation 
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between intention and behavior in other behavioral domains ( e.g. Conner & 
Armitage 1998, Van den Putte 1993). 

4 Method 

4.1 The questionnaire 
The constructs of the TOPB were measured via a standardised questionnaire. 
The scales and the items are constructed in accordance with the instructions 
given by Ajzen & Fishbein (1980); this means correspondence of target, 
action, context, and time. For more details see Erten (2000). 

4.1.1 Measurement o/tite variables o/tite core model 
One or two items were used to measure these variables. As an example for 
the operationalisation ofthe variables items for practica! work are given: 
Intention: I intend to conduct practica! work during the next school-year 
while treating environmental issues. (bipolar 7 step scale: very likely - very 
unlikely) 
Attitude: If I !et the students do practica! work in my class during the next 
school - year while treating environmental issues I will find this ... (bipolar 7 
step scale: very great - very bad) 
Subjective Norm: People who are important to me expect me to conduct 
practica! work in my class during the next school - year while treating 
environmental issues (bipolar 7 step scale: very great - very bad). 
PBC: Conducting practica! work in my class during the next school-year 
while treating environmental issues is .. . (bipolar 7 step scale : very easy -
very difficult) . 
For the part of the questionnaire concerning excursions , there are 
corresponding items (in principie the term "practica! work" is replaced by 
the term "excursion"). 

4.1.2 Measureme11t of the beliefs 
In a pretest (free elicitation method, Ajzen & Fishbein 1980) the salient 
attitudinal , normative, and control beliefs of 50 Turkish and 25 German 
teachers associated with the two educational methods were collected. 
Three questions concemed practica! work and three concemed excursion. As 
an example the question used to collect the attitudinal beliefs is given: "What 
are , from your point of view, important consequences of carrying out 
practica! work with your students while treating environrnental issues in the 
next school-year (for instance testing water, soil, damaged plants)?" 
The answers were used to formulate the standardised items to survey the 
beliefs. The questionnaire contained different numbers of items measuring 
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the attitudinal, normative and control beliefs associated with the two 
educational methods . In the case of practica] work there are 13 items for the 
attitudinal beliefs, 6 for the normative beliefs and 7 for the control beliefs. 
As an example for the measuring of the beliefs the question and the first 5 
items concerning the attitudinal beliefs for the case of practica! work are 
given (for the complete questionnaire see Erten 2000): 
Jf I have practica! work carried out in the next school-year in my class while 
treating environmental issues, it would have the following effect: l.The 
students leam the relevant subject matter better. - 2. The students understand 
the relevant subject matter better. - 3. The students remember the relevant 
subject matter better. - 4. The students can better recognise environmental 
pollution. - 5. The environmental concem of the students is intensified . - 6. It 
can be better taught to the students that environmental pollution may lead to 
a catastrophe. - 7. Practica] ski lis are better leamt by the students to protect 
the environment. 
The subjects give their responses on seven-step scale with the anchor points 
"very likely" to "very unlikely" . 
In the empírica! part we only concentrate on those beliefs which have a 
statistically significant effect on the corresponding attitude, subjective norm, 
and PBC. 

4.2 Conducting and analysing the survey 
The empírica! part of the main study was conducted in 1998/99. A total of 
180 questionnaires were filled out by Turkish teachers, 107 questionnaires 
were obtained from German teachers. Ali of the teachers (male and female) 
were involved in teaching environmental education, their subjects were 
biology or chemistry. 
For the empírica! test of the TOPB the Structural Equation Approach was 
used (AMOS, Arbuckle & Wothke 1999). 

5 Practica) work 

5.1 Core model 

5.1.1 Results 
Figure 2 shows the core model with the path coefficients for practica! work. 
Overall the model fit is sufficient; only the GFI (Goodness of fit index) for 
"German teachers" is too low. The explained variance (R2) is very high in 
the German sample, in the Turkish sample R2 can be regarded as sufficient. 
The figure shows considerable differences between the Turkish and the 
German sample. With a path coefficient of .02 the attitude has no 
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statistically significant effect on the Turkish teachers' intention to carry out 
practica} work with their students, whereas in the German sample the 
attitude (.49) exerts a rather high effect on the intention. Regarding the 
influence of the subjective norm on the intention the finding is the opposite: 
here we find a much higher coefficient in the Turkish sample. In the Gem1an 
sample PBC has the strongest effect on the intention to use practical work in 
environmental education. 

Figure 2. Path coefficients of the core model "Practica} work" 
(*: Significant at the p= .05 leve!) T: Turkish teachers, 
G: German teachers 

5.1.2 Discussion 
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First of all we want to stress the explorative nature of our study. As stated 
above one main goal was to test the empirical applicability of the TOPB in 
the domain of biology didactics. Our results confinn the usefulness of such 
an approach. But the results have to be confirmed through further 
investigations; as a consequence the interpretations are preliminary. 
The finding that the attitude of the Turkish teachers has a low influence 
whereas the subjective norm is high , - and by contrast the results are the 
opposite in the German sample - can be explained by a statement of Frey et 
al. (1993). These authors assume that if a person is highly integrated in a 
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group and therefore perceives high social pressure, the attitude will be 
without relevance for the intention. Personal experiences of persons who are 
well acquainted with the situation in both countries confim1 the assumption 
that social integration in Turkey is greater than in Germany. 
Increasing the awareness of Turkish teachers that important others expect 
them to use practica! work may strengthen the intention of the teachers to do 
so. But from our point of view this strategy to improve teachers' educational 
practises alone is problematic. A better strategy would be to strengthen the 
impact of the attitude. The German sample shows that this strategy might be 
more effective. 
This assumption is supported by Crawley's (1990) research in the USA 
concerning the use of investigative methods by teachers of physical science. 
He showed that attitude was the most irnportant predictor of behavioral 
intention. However, Koballa's (1986) findings (Austin, Texas) suggest that 
prospective teachers' attitudes toward science cannot adequately predict or 
provide a satisfactory explanation of using hands-on activities in science 
education. Further studies must analyse the relation between intention and 
behavior more intensively. 
A possibility to increase the intention especially of German teachers to use 
practica! work is indicated through the high path coefficient between the 
PBC and the intention. Thus the next section concentrates on the special 
salient beliefs underlying attitude, subjective nom1 and PBC. 

5.2. Beliefs 
For reasons of clarity we have split the complete models into three parts and 
we only present the probability of the beliefs because they give the most 
useful information. For the complete models see Erten (2000). 

5.2.1 Results 
Figures 3 - 5 show for the method "practica! work" for each variable of the 
core model the effects of the underlying beliefs (attitudinal, normative, 
control) and the indicators which have been proved as the statistically most 
important ones of these beliefs. 
On the left side of the figures one can see the results conceming the Turkish, 
on the right side the ones conceming the German teachers. 
The coefficients of the paths frorn the attitudinal beliefs to the attitude are 
not very high but statistically significant (Fig. 3) . The salient indicators of 
the attitudinal beliefs for the Turkish teachers are "better learning" "better 
illustration of subjects", "more motivation". For the German teachers we 
found "better remembering", "better illustration of subject matter" and 
"better learning of skills" are the indicators with the greatest explanatory 
power. 
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Figure 3. The attitudinal beliefs with their indicators in the model 
"Practica! work" (* : Significant at the p = .05 leve!) 

TURKISH TEACHERS 

Betler learning 

Betl er illustration of the 
subjecl matter 

More motivation 

GERMAN TEACHERS 

Better remembenng 

Better illustrat1on of the 
subJect maller 

Better learn1ng of skills 

Figure 4. The normative beliefs with their indicators in the model 
"Practica! work" (*: Significant at the p = .05 leve!) 

TURKISH TEACHERS GERMAN TEACHERS 

Parents' expectations Colleagues' expectations 

M1nistry orders Parents' eicpectations 

Sludenls' expectations 
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Figure 5. The control beliefs with their indicators in the model "Practica! 
work" (*: Significant at the p = .05 leve!) 

TURKISH TEACHERS 

No! too many students 

More time for lessons 

Fewe, discipline 
problems 

GERMAN TEACHERS 

More laboratory space 

More laboratory 
equi pment 

As one can see from figure 4 in the Turkish sample the subjective norm can 
be explained very well by the corresponding normative beliefs. 
"Expectations of the parents", "orders of the ministry", "expectations of the 
students" are the most salient indicators of these beliefs. In the German 
sample there is a moderate effect of the normative beliefs on the subjective 
norm. The indicators here are "expectations of colleagues" and "expectations 
of parents" . 
In the case of the control beliefs (Fig. 5) we found also a great difference 
between the Turkish and the German sample. Conceming the latter the effect 
of the control beliefs on the PBC is very high, whereas for Turkish teachers 
the relation between the control beliefs and PBC is low and negative. 

5.2.2 Discussion 
One problem of the present study consists in the low empírica! relation 
between the attitudinal beliefs and the attitude. Thus we cannot explain yet 
the factor underlying the influence of the attitude towards practica! work. 
But it can be pointed out that in the model of the Turkish sample the 
"practica! skills" have no influence; in the German sample the corresponding 
case is "more motivation". If these findings are replicated in further studies 
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these aspects have to be emphasised in pre-service and in-service teacher 
education. 
Because of the high influence of subjective norm on intention (Fig. 4) in the 
Turkish sample the normative beliefs underlying the subjective norm are of 
special interest in this sample. They indicate the persons or institutions 
whose expectations are important for the teachers. According to our results 
the parents are important in both Turkey and in Germany. 
To foster the intensity of practica! work in environmental education it seems 
to be a possible and successful way to !et the teachers know such demands 
through parents. 
In Turkey orders of the ministry would possibly have the strongest effect; 
however here we have to take into account the above mentioned relation 
between subjective norm and attitude. 
The very high relations between the control beliefs, the PBC and the 
intention in the German teachers sample (Fig. 5) indicate that trying to 
influence these factors might be a good way of fostering the intention to use 
practica! work in environmental education. Because the two control beliefs 
"more laboratory space" and "more laboratory equipment" are of special 
importance these two aspects have to be improved. 
In the context of the present study we cannot explain the low relation 
between the control beliefs and the PBC found in the Turkish sample. 

6 Excursions 

6.1 Core model 

6.1.1 Results 
Figure 6 shows the core model for excursions. The fit of this model is as 
good as the fit of the model practica! work. The explained variance (R2

) is 
also very high in the German sample, the corresponding figure of the 
Turkish sample can be regarded as sufficient. 
As one can see in figure 6 the path coefficients of the Turkish sample tend to 
have the same value. They are all low but significant. In contrast the Gennan 
teachers show remarkable differences: the attitude has a moderate, the 
subjective norm a very low and the PBC a very high influence upon the 
intention. 

6.1.2 Discussion 
In the German sample the results of the TOPB core model for excursions are 
quite similar to those reported for the model practica] work: The subjective 
norm has the lowest effect on intention and PBC the strongest. This means 
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that the intention of the German teachers can hardly be affected by persons 
or institutions. In contrast the great effect of PBC indicates a good chance to 
foster the intention to carry out excursions in environmental education. 
From the finding that the effects from attitude, subjective norm and PBC on 
intention are in the same magnitude a hypothesis can be deduced: Subjective 
norm (that is the influence of important others) is of no importance for the 
intention of German teachers at ali; whereas the PBC (that is for instance 
equipment and rooms) has generally a great influence. We hope to prove this 
hypothesis by further investigations. 

Figure 6. Path coefficients of the core model "Excursion" (*: Significant at 
the p= .05 leve!) T: Turkish teachers, G: German teachers 

T: R 2= .33 
G: R 2= .71 

T: X 2 = 64 df = 63 
P = .43 GFI = .95 

G X 2= 211 df = 211 
P = .46 GFI = .86 

Comparing the two methods - practica! work and excursions - in the Turkish 
sample one can observe a change: For excursions the relative importance of 
subjective nom1 is considerably lower, whereas the importance of attitude is 
much higher. This matches the statement in section 4.1.2 that a strong effect 
of subjective norm hinders the influence of attitude. Because the effect of the 
subjective norm on the intention is Iow here, the attitude can have an 
influence upon the intention. 
The reasons for the relatively low effects of the attitude in both the German 
and the Turkish samples has to be analysed in further studies. 
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6.2 Beliefs 

6.2.1 Results 
Here we proceeded in the same way as described in section 4.2. Accordingly 
figures 7 - 9 show each of the part of the core model and in addition the 
salient indicators for the method "excursion" . On the left side of the figures 
one can see the results concerning the Turkish, on the right side the ones 
concerning the Gemrnn teachers. 
Conceming the attitude (Fig. 7) the effect of the attitudinal beliefs is not very 
high, but statistically significan t. The model of the Turkish sample contains 
two, the model of the Gernrnn sample contains four salient indicators. Most 
of them refer to the fact that excursions facilitate better teaching of special 
objectives conceming environmental education. In addition as a result of 
making excursions the Turkish teachers expect a more effective use of 
teaching time, whereas the German teachers expect an increase in students 
environmental concern. 

Figure 7. The attitudinal beliefs with their indicators m the model 
"Excursion" (*: Significant at the p = .05 level) 

TURKISH TEACHERS 

Better teaching ofthe 
damaging effects of 

env1ronmental oUution 

More effective use of 
teaching time 

GERMAN TEACHE RS 

Environmental pollution 
is betler recognized 

lntensifying 
environmenlal concern 

Bett er teachrng tha1 
environmental pollut1on 
ma lead to catastro he 
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Figure 8. The normative beliefs with their indicators 111 the model 
"Excursion" (*: Significant at the p = .05 leve!) 
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Figure 9. The control beliefs with their indicators in the model "Excursion" 
(*: Significant at the p = .05 leve!) 

TURKISH TEACHERS 

Fewe, d1sciphne 
problems 

Adequate ab ilities of the 
studenls 

GERMAN TEACHERS 

Fewer discipline 
problems 

Law costs 
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The effects of the nom1ative beliefs on the subjective nonn (Fig. 8) are high 
but only in the case of the Turkish teachers there is a noticeable influence by 
the subjective norm on the intention. According to the salient indicators the 
perceived expectations of ministry and environmental activists are of special 
importance. 
Figure 9 shows that only in the Turkish sample do the control beliefs have a 
low but significant effect on PBC. In the German sample this path 
coefficient is statistically not significant. Two indicators are present in the 
Turkish as well as in the German sample: fewer discipline problems and 
more adequate abilities of the students. 

6.2.2 Discussion 
For the method "excursion" the effects from the attitudinal beliefs on the 
attitude (Fig. 7) are similar to the findings reported for practica] work (Fig. 
3) . Thus the same conclusions can be drawn . Because there are only two 
indicators in the model of the Turkish sample it seems to be necessary to 
impart to the teachers that there are more objectives which can be realised in 
environmental education through excursions. A little bit astonishing is the 
effect of the belief "effective use of teaching time" because this is an 
argument often used in the opposite way. 
If one wants to foster the intention to carry out excursions in environmental 
education by social pressure, a possible way in both countries may be by 
orders of the ministry (Fig. 8). However the highest effect would be 
achieved in Germany through colleagues and parents (the disadvantages of 
such an approach have already been discussed). 
In figure 9 the low relations between the control belief and the PBC in the 
German sample cannot be explained. To foster the intention of the Turkish 
teachers to use excursions in environmental education, their skills must be 
trained in managing discipline problems. The indicator "adequate abilities of 
the students" has very high coefficients in both the Turkish and in the 
German sample. But the meaning of this finding is not clear to understand. It 
may be supposed that the students should know how to behave during an 
excursion and that they should be able to comprehend the demonstrated 
(perhaps complicated) facts. 
Because in the Turkish sample only two attitudinal beliefs exert a significant 
effect on attitude, one practica! conclusion may be that teachers have to be 
convinced that excursions have much more useful consequences for 
environmental education. 
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DOES NATURE EXPERIENCE OR OPINIONS OF 
ENVIRONMENT AL ETHICS INFLUENCE THE PRO

ENVIRONMENT AL BEHAVIOUR OF STUDENTS? 

Am1in Lude 
IPN - Institute for Science Education at the University of Kiel 

Abstract 
The motivation for this study was the question, whether the decreasing 
appreciation of nature could be addressed by teaching nature experience or 
by favouring discussions about environmental ethics. Therefore, a 
standardised questionnaire was designed to assess types of nature 
experience, reasons for conservation and pro-environmental behaviour of 
14-18 year old students in Gerrnany. 
Using Mixture Distribution Models, students were assigned to Iatent classes 
according to their patterns of (1) frequencies of different types of nature 
experience or (2) patterns of appreciation for reasons for conservation. 
The subgroups in the models showed differences in their pro-environmental 
behaviour: Students characterised by extensive experience with nature 
showed the highest pro-environmental action. Whereas students in a class 
characterised by infrequent experience ( except in the recreational dimension) 
even had negative correlation to pro-environmental behaviour. 
Analysing the reasons for nature conservation, students of a latent class 
characterised by favouring economic reasons, showed the least developed 
environmental attitude and were the least environmentally active. 

1 Introduction 
Even though the history of nature conservation in Germany dates back to 
1836 (Plachter 1991: 17), a wider environmental awareness in the public 
leading also to political action arises only since 1970s (Weidner 1995). 
Today, teaching about nature conservation is integrated in the high school 
curricula of ali Gerrnan states (Lude 2001 : 14). The curricular aims are to 
guide students to appreciate nature and to stimulate conservation activity. 
Despite this, studies observe a decreasing appreciation and abuse of nature 
among people (Stoll 1999; Rentsch 1988; Schroeren 1997; Langer 199 1 ). 
The question is, can this problem be addressed by increased environmental 
education? The Tbilisi recommendations of 1978 mention, that 
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environmental education uses a broad range of teaching and learning 
techniques stressing practica! activities and first-hand experience as well as 
building an environmental ethic (Palmer 1998: 11). Thus in the frame of 
environmental education, different approaches can be favoured: (1) fostering 
nature experiences by outdoor activities or (2) thinking and discussing about 
reasons for conservation. 
Conservation NGOs as well as state environmental centres in national parks 
combat the trend of abusing nature with increased environmental education, 
especially by a nature experience approach (Erz 1986; Paschowski 1996). 
Many studies have shown that knowledge has little influence on 
environmental attitudes and action (e.g. Hines, Hungerford & Tornera 
1986/87). Yet not much is known about the influence of nature experiences 
on this (Bogeholz 1999). 
In recent years, discussions about environmental ethics have become more 
and more popular (Birnbacher 1991; Ott 1998; Elliot 1995; Frankena 1979). 
The aim is to identify meaningful arguments which support nature 
conservation and to persuade people to behave in an environmentally 
conscious way. In the course of this discussion different points of view come 
up, each of these are favoured by at least one renowned philosopher 
(Birnbacher 1991: 286). Despite this, it is unknown so far , how these 
different reasons for conservation are appreciated by 'normal' people. The 
effectiveness of these reasons for pro-environmental behaviour is also 
unknown. Which of them will motívate best in order to promote 
environmentally sound activity? 

2 Research design and methodology used 
For this study, a standardised questionnaire was designed. It was pre-tested 
with 120 students. The final version was sent to 50 German high schools 
taking part in an environmental project along the catchment of the river Elbe 
(students were aged 14-18). Altogether 780 questionnaires were returned 
(80%). 
The questionnaire comprises items which build rating scales for the 
following constructs: nature experience, reason for nature conservation and 
pro-environmental action. 
Nature experiences are differentiated according to the specific kind of 
relationship and perceptions, i.e. appreciating, observing, exploring and 
using nature. Thus, eight different dimensions were defined: aesthetic, 
scientific, utilitarian , nature conservation, social, recreational, food 
production-related and media-related ones (table 1). These dimensions could 
be proven in a factor analysis (Lude 2001: 74). 
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Table l. ltems for Assessing the Types ofNature Experience 

Aesthetic Dimension 
• Listening to the murmur of wavcs ata bank or shore ... 
• Enjoying thc bright colours of a landscape when the sun comes out after a 

thunderstorm .. . 
• Sniffing hcrbs or flowers ... 
Scicntific Dimcnsion 
• Jdcntifying animal and plant specics (e.g. birds, trccs, flowcrs) ... 
• Watching animals and plants ... 
• Exploring scasonal changes of naturc ... 
Utilitarian Dimcnsion 

• Hclping to grow and pick plants (vcgctablcs, flowers, fruit) .. . 
• Occupying onescl f with animals and plants, which I can use ( e.g. fish, hcrbs) ... 
• Picking wild fruit (c.g. elderbcrries, bluc bcrrics, mushrooms) ... 
Nature Conscrvation Dimcnsion 
• Joining naturc conservation activities (looking after toad fences, installing ponds or 

hedgcs, ... ) 
• lnstalling ncsting boxcs for birds or insects ... 
• Leaving wild and untouched places for animals in the garden ... 
Social Dirncnsion 
• Playing with a pct (c.g. cat, dog) ... 

• Maintaining a spccial relationship (e.g. friendship) with an animal... 

• Looking aftcr oncs own pet (e.g. hamstcr, bird) ... 

• Talking about pets (dogs, cats, birds, ... ) with other people ... 
• Rcadin_g stories about friendship with pcts ... 
Recreational Dimcnsion 

• Jogging in thc woods or in a park ... 
• Doing 'nature sports' 111 a natural surrounding (e.g. climbing, canoe111g, 

mountain biking, fast-watcr canoeing, trckking) ... 
• Swimming in a river or lake ... 
Food Production-related Dimension 

• Prcfcrring vcgctarian food to meat. 

• Eating food from a whole-food shop ... 

• Buying regional products at a rnarkct ... 
Mcdia-rclated Dimcnsion 
• Watching filrns or slide shows about thc bcauty ofnaturc .. . 
• Watching films that show how wild anirnals livc ... 
• Looking at coffec-tablc books about nature ... 
• Following reports about naturc conscrvation activities 111 ncwspaper or 

television ... 

• Rcading rcports about ccological rcscarch ... 
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Secondly, seven distinct dimensions of reasons for nature conservation were 
taken from reference literature in the field of nature conservation and 
environmental ethics (Erz 1980; Plachter 1991; Bleckmann, Berck & 
Schwab 1980, Ratcliffe 1976; Hampicke 1993; Krebs 1996; Birnbacher 
1991, 1998; Ott 1998). These are aesthetic, recreational, economic, 
scientific, bio-centric, holistic and religious reasons to protect nature (table 
2). They attribute intrinsic values to different objects (e.g. human beings, 
living organisms, whole nature). Thus, these objects are thought to have 
individual value, not only bearing instrumental value for other objects. 

Table 2. Items for Assessing the Reasons for Conservation 

Anthropocentric-aesthetic Reasons 

• Sounds and srnells of nature are stirnulating and relaxing . 

• Pristine floodplains are delightful. 

• The sight of a landscape with a diversity of plants and anirnals is beautiful. 
Anthropocentric-recreational Reasons 

• Unspoiled nature is essential for relaxation . 

• Nature is the ideal surrounding for sports ( cycling, jorw:ing, clirnbing, etc .) . 
Anthropocentric-economic Reasons 

• Protection of useful anirnals and plants . 

• Anirnals and plants are potential raw rnaterials for the developrnent of new 
medicine. 

• Fish in the Elbe river are an important basis for life for the people living there 
(fishing, food). 

Anthropocentric-scientific Reasons 

• Research on ecology requires pristine or good quality habitats . 

• Freshwater anirnals and plants are essential objects for ecologists to observe and 
study. 

Bio-centric Reasons 

• Wild anirnals and plants have intrinsic values like ali living beings . 

• Anirnals and plants also have a right to live . 

• Exterrnination of animals and plants caused by mankind is irresponsible . 
Holistic Reasons 

• The preservation of natural floodings is irnportant for the functioning of nature . 

• Floodplains are unique biotopes inhabited by particular fauna and flora . 
Religious Reasons 

• Having respect and a sense of awe for ali living beings, because ali are God's 
creatures. 

• It is our sacred duty to respect and preserve nature . 

• Any destruction ofNature would not be reconcilable with Christian values . 
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Finally, pro-environmental behaviour was assessed. To maintain 
measurement correspondence (Weigel, Vernon & Tognacci 1974; Ajzen & 
Fishbein 1977; Steel 1996; Kaiser, Wolfing & Fuhrer 1999), pro
environmental behaviour was measured as specifically as the other 
constructs. It was focused on political activities (e.g. Taking part in action 
groups or demonstrations far a National Park), activities for nature 
conservation (e.g. Helping to set up an amphibian protection fence along a 
frequ ently used street) and traffic-related activities (e.g. Persuading my 
parents to use the car less o/ten). Energy consumption , recycling or 
shopping behaviour were not assessed, as they did not seem to be closely 
related with nature experience and reasons for conservation. 
For analysis, WINMIRA 32, a software by von Davier (1994) for MDMs -
Mixture Distribution Models (Rost 1996; Rost & Langeheine 1997) was 
used. MDMs are statistical methods for fínding subtypes of related cases 
(" latent classes") from multivariate categorical data. These subpopulations 
are solely defíned by their property of being homogeneous in the sense that a 
particular model holds for this latent class . In particular, latent classes are 
not defined by manifest variables (e.g. gender, age). Hence the aim of 
MDMs is twofold: to 'unmix' the data into homogeneous subpopulations 
and to estimate the parameters for each subpopulation separately (von 
Davier 1994). 
Thus, for each student class· membership probabilities are estimated for 
belonging to each of the different latent classes . The person is then assigned 
to the latent class with the highest probability. The statistics of these 
probabilities were used to assess model-fit. 
Furthermore, information statistics were also used to assess model-fit 
(namely the parsimony indices BIC, CAIC). These statistics are based 
mainly on the value of -2 times the loglikelihood of the model, adjusted for 
the number of parameters in the model , the sample size, etc. (Rost 1996; von 
Davier 1996) . The main idea is that, ali other things being equal, given two 
models with equal loglikelihoods , the model with the least parameters is 
better. 
Sometimes though, the estimation algorithm may instead converge on what 
is termed a " local maximum" solution. A local maximum solution is the best 
solution in a neighbourhood of the parameter space, but not the global 
maximum. This can be compared to climbing a mountain in the dark. By 
walking constantly uphill , you will reach the top of whatever peak you are 
already on . But this does not necessarily have to be the highest peak of the 
whol e mountain-chain . To guard against local maxima solutions, the 
algorithm was run at least 1 O times with different parameter start values (this 
could be paralleled by different climbing excursions). 
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3 Results 
Students were assigned to latent classes using MDMs like LCA and MIRA 
(Rost 1996; Rost & Langeheine 1997). The best model-fits were achieved by 
MIRA (mixed Rasch Models). As previously mentioned, students belonging 
to a latent class have an identical ( or similar) pattem of answers in common. 
First, results conceming students' nature experience were presented. Initially 
the sample of students was investigated to see if they could be split into 
different homogenous subgroups ("latent classes"). Then, the students 
belonging to different classes were analysed to see whether or not they show 
different pro-environmental behaviour. 
Secondly, the opinions of environmental ethics results were analysed in the 
same way: The possibility of splitting the sample in subgroups favouring 
different combinations of arguments for conservation was tested. Finally, the 
pro-environmental behaviour of the subgroups was analysed. 

3.1 Latent Class Analysis of the Types of N ature Experience 
Analysing the different types of nature experience of students, a mixed 
Rasch Model with a solution of four latent classes had the highest 
interpretative value and a sufficient model-fit. Only 0.1 % of the student 
sample was assigned to latent classes by a probability less than 0.400. On the 
other hand, 77 .O % of the students were allocated by a probability of > 
0.900. 
To !abe! a class, a type of experience was chosen which distinguished that 
specific class best form the others. Usually the class scored higher on this 
feature than any other class . One of the latent classes couldn 't be 
characterised by scoring highest on any one feature, but showed the lowest 
value in any experience dealing with pets (social dimension, cf. table 1). So, 
this was chosen to name the class. The labelling is mainly used as a memory 
aid, because a latent class is characterised by its entire profile based on ali 
types of experience. Therefore, they are pars pro tofo labels. 
Four different classes could be identified as shown in figure 1: 
• Class 1 ("food production conscious persons") is characterised by the 

highest values in the food production-related dimension ( cf. table 1 ). 
Furthermore, there are high values in the social and recreational 
dimension and intem1ediate values in ali other dimensions. 

• Class 2 comprises "non-socially-oriented persons" as this class has the 
lowest values (compared to the other classes) in the social dimension. 
There are intermediate values in all other dimensions. 

• Students of latent class 3 show the highest values in six different 
dimensions of nature experience: aesthetic, scientific, utilitarian, nature 
conservation, social, media-related . Only in the recreational dimension, 
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there are comparably lowest values. Consequently, this class was 
la bel led "nature-experienced persons". 

• In contrast, latent class 4 ("recreationally-oriented persons") achieves 
highest values in the recreational dimension . There are intermediate 
values for the social dimension and the lowest values for ali other 
dimensions. Thus, class 4 is more or less contrary to class 3. 

Figure 1. Students assigned to four latent classes by the mixed Rasch 
Model according to their frequency of different types of nature 
experience (scale: O: I never .. . to 3: I always do this) . 

3,0 -,----.-------.---.-----,--------1 -class 1 food prod. conscious persons (42%) 

é 2,0 
o u ., 
E 
~ 1,0 

--o--class 2 non-socially-oriented persons (24%) 
- o- class 3 nature-experienced persons (20%) 

\ --ft-class 4 recreaüonally-oriented persons (14%) 

-------- -------- ------- l_ __ _ 
'\ 

---- --- -,.... -- ------ ___ '\: ______ _ 

----,;;.-4; -------i _----------~~\. 

aestheUc sclentlflc utllitarian n.conserv, social recreatlonal lood prod. media relatad 

3.2 Pro-Environmental behaviour of the different Latent Classes of 
Nature Experience 
As shown above, four groups of studer.ts with a different pattern of nature 
experience can be differentiated. Do these students also differ in their pro
environmental behaviour? Therefore, a correlation analysis was conducted 
between the probabilities of belonging to the latent classes and the sum score 
of pro-environmental behaviour. Table 3 reveals a positive significant 
relation ship only between students of latent class 3 (labelled as "nature
experienced" ) and pro-environmental behaviour. Students of class 4 
(" recreationally-oriented") even had a negative significant correlation to 
environmentally sound action. 
Therefore, the students characterised by a generally extensive nature 
experience demonstrated the highest environmental action whereas the ones 
with lower experiences showed less actions. 
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Table 3. Correlation between class membership probabilities for nature 
experience and pro-environmental behaviour 

probability probability probability probability 
for Iatent for latent for latent for latent 

class 1 class 2 class 3 class 4 
"food prod. "non-socially- "nature- "recrcationall 
conscious oricnted experienced y-oriented 
persons" persons" persons" persons" 

sum score for o.os -0.04 0.25 ~f~:~-pro-environmental 
*** ~\-behaviour 

3.3 Latent Class Analysis of the Reasons for Conservation 
As before, LCA and MIRA analysis were calculated. Again , the best model 
fit was achieved by MIRA modelling. The 3-class-solution was of the best 
interpretative value and got second best infonnation statistics. Only 0.3% of 
the persons got a probability of less than 0.400. A probability of greater than 
0.900 was achieved by 62.6% of the sample size. These values are slightly 
less than in the model described above, but still quite good. 
The latent classes have the following characteristics: 
• Students of latent class 1 ( 48% of the sample size) reach the highest 

values in five of seven types of reasons for conservation. Only in the 
fields of holistic and economic reasons , intermediate values were 
achieved. As especially high values were scored for aesthetic reasons, 
this class was labelled as "aesthetically-oriented persons" . But - as 
mentioned above - the class is characterised by its entire profile. 

• 35% of the students belong to latent class 2. Highest values were scored 
for economic reasons, intermediate values for aesthetic, recreational and 
scientific reasons. Compared to the other classes, lowest values were 
achieved for religious, bio-centric and holistic reasons. Consequently, 
this class was labelled "economically-oriented persons". 

• The remaining 17% of students belong to class 3, characterised by 
highest values for holistic reasons, high values for bio-centric and 
intermediate values for religious reasons. The lowest appreciation was 
attributed to ali anthropocentric reasons (aesthetic , recreational , 
economic, scientific). Suitably, this class was labelled "holistically
oriented persons". 
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Figure 2. Students assigned to three latent classes by the mixed Rasch 
Model according to their appreciation of the types of reasons for 
conservation (scale: O: unimportant to 3: very important). 

E 2,0 
o u 
111 

E 
GI 
:: 1,0 

0,0 .... N 
E E 
~ ~ 

C") .... N 
E E E 
~ ~ ~ 

-<r- class 1 aesthetically-oriented persons (48%) 

_.,__ class 2 economically-oriented persons (35%) 
-½-class 3 holistically-oriented persons (17%) 

.... N C") .... N .... N C") .... N .... N 
E E E E E E E E E E E E 
~ .. ~ -~ ~ -~ ~ ~ ~ ~ ~ ~ ~ 

aesthetic 
anthropocentric 

recreational economic scientific bio-centric holistic religious 

Table 4. Correlation between class membership probabilities for reasons 
for conservation and pro-environmental behaviour 

probability for probability for probability for 
latent class I latent class 2 latent class 3 
aesthetically- economically- holistica/ly-oriented 

oriented persons oriented persons persons 

surn score for 0.19 ~';~~-~~~~ 0.14 
pro-environmental *** &\~- *** 
behaviour 

3.4 Pro-Environmental behaviour of the different Latent Classes of 
Reasons for Conservation 
Again, the pro-environmental behaviour of the students assigned to different 
latent classes according to their reasons for conservation was investigated. 
The correlation analysis in table 4 illustrates a positive significant 
relationship for both latent class 1 ("aesthetically-oriented") and class 3 
("holistically-oriented") . Students assigned to class 4 ("economically-
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oriented") had a negative significant correlation to pro-environmental 
behaviour. 
Therefore, the students characterised by a high appreciation for "week" or 
"soft" reasons showed the highest environmental action whereas the ones 
with high appreciation for the "hard" economic reasons were less 
environmentally active. 

4 Discussion 
Mixture Distribution Models (MDMs) like mixed Rasch modelling was used 
to identify homogenous subgroups of students. MDMs become more and 
more popular for research on pro-environmental behaviour (Kaiser et al. 
1999; Rost 1996). This is, because only weak general relationships were 
found between variables to explain pro-environmental behaviour (Hines et 
al.1986/87; de Haan & Kuckartz 1998). These can be partially explained by 
being 'masked' in inhomogeneous groups, whereas 'unrnixed' groups revea! 
different relationships for homogenous subgroups: So one subgroup may 
have a positive relationship towards pro-en vironmental behaviour, and 
another subgroup has a negative one . Analysed together, these relations may 
not be found . 
The 'unrnixing' process is also a reduction of complex information provided 
by the multidimensional assessment of nature experiences and reasons for 
conservation. But, these 'reduced ' person characteristics can be used for 
addressing students more specifically. Key features for a use of latent classes 
were : 
• Classes had to represent a reduced information of convenient size for the 

multidimensional assessment. These features were fulfilled as eight 
types of nature experience could be reduced to four latent classes and 
seven types of reasons for conservation could be reduced to three 
classes. 

• Sufficient model-fits had to ensure a ' stable' assignment of students to 
latent classes. Again, this feature was satisfied as can be seen at the high 
probabilities for the latent classes. 

• The information, on which the classes were based had to be relevant for 
a specific addressing of the target group. Nature experiences can be used 
for a specific differentiation of students' relationship towards nature 
(Bogeholz 1999; Lude 2001). Accordingly, the types of reasons for 
conservation differentiate the students' appreciation of nature (Lude 
2001). 

What are the practica! implications of the results? These can be shown 
twofold : Firstly, for a specific addressing of students, like in 'ordinary' 
lessons or on special lessons at outdoor environmental learning centres, it is 
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crucial to 'know' about your target group. Environmental educators should 
be sensitive to different experiences and sources of appreciation among 
students. What are their preferences, what is their prior knowledge like, etc.? 
The latent class analyses provide information about the different experiences 
and subjects of appreciation of students. Bearing these in mind, pedagogical 
concepts can be designed. 
Secondly, the results can be used to compare and rate the two approaches of 
environmental education which address the decrease in an appreciation of 
nature: teaching nature experience or finding reliable and convincing ethical 
arguments for conservation. 
Here, nature experience seems to outrun the reasons for conservation, as 
there is a higher correlation to pro-environmental behaviour. Thus, favouring 
nature experience might be more effective than ethical discussions about 
reasons for conservation. But this <loes not mean, that it is a decision of 
exclusion, as both methods were proven to be effective. So, both approaches 
can (and should) be used in parallel. 
Experiencing nature is not only of a positive influence on pro-environmental 
behaviour (Langeheine & Lehmann 1986; Bogeholz 1999; Lude 2001 ). 
Nature experience also stimulates students to increase their experience with 
nature (Lude 200 l: 98). This way, there seems to be a positive feedback 
loop. This is a stimulating fact for the challenge to develop specific 
pedagogical concepts for addressing students to strengthen a positive 
relationship towards nature. Environments had to be created that encourage 
and enable students to observe, explore, understand, appreciate and 
experience nature . 
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