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Chapter Eight

What is the Role of Sound
Evidence in Evolution Education?
A Research Program Following Students'
Narratives in Brazil and Elsewhere
Nelio Bizzo

This chapter reports the designing of a research program at the University of São Paulo
in the 1980s, which included a closer reading of Charles Darwin’s “Origin of Species”
and the way it was presented to the public and taught in schools, considering the only
Brazilian translation available then (Darwin, 1981). No direct links between History of
Science and the way students construct their knowledge today were to be found, as
Piaget and Garcia (1987) had stressed. However, at that time there was a reappraisal of
the need for eliciting students’ ideas, this time focusing specifically on science. The
project would also direct efforts to research on students' narratives about natural
phenomena, and their logic, even if not always straightforward to understand at first
glance.
Several sources of information available to the school community were to be studied.
Richard Dawkins’ famous book “The blind watchmaker” (1988) brought a closing
chapter called “Doomed Rivals” in which he states that two “rivals”, Darwin and
Lamarck, had opposing positions about two key concepts: the role of use and disuse,
and the heredity of acquired characters (Dawkins, 1988, p.288-9). This opposition was
called the “Darwinian Myth in the Classroom” (Bizzo and Molina, 2004), which
reproduces the view found in chapter 3 of the famous early Biological Science
Curriculum Study (BSCS) textbook, blue version (see below), which also dedicated a
chapter to discussing two “conflicting” points of view. This vision of the supposedly
opposing views on the genetic effects of use and disuse of organs was widespread in
several media, including magazines for the public, science museums and teaching
materials. It was also widespread in Brazilian textbooks at least up to 2006 (Almeida
and Falcão, 2010).
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BIOLOGY TEXTBOOKS IN BRAZIL IN THE 1980S
Most learning materials used in Brazilian high schools at that time made the assumption
that there was a strong opposition between Lamarck’s and Darwin’s views on heredity.
This account, as already mentioned, was part of BSCS materials which were initially
released in Brazil and elsewhere in the early 1960s. They had been prepared after an
initiative of the American Institute of Biological Sciences (AIBS), an association
congregating 85,000 biologists in the US, in January 1959. A group of 70 scientists and
secondary teachers took part in a meeting aimed at writing the first version of Biology
textbooks in mid-1960. This first preliminary output underwent piloting tests in around
one hundred high schools in the USA, and in the following year happened another group
meeting for the writing of the final version. To this event, several organizations in
different countries were invited to send representatives, ideally a scientist and a
secondary teacher. The Brazilian professor Myriam Krasilchik who was a high school
Biology teacher at that time and worked at IBECC, a Brazilian agency with links with
UNESCO, wrote about the work, which was carried out together with Prof. Oswaldo
Frota-Pessoa:

The IBECC was invited to join the project of elaboration of the Biological
Science Curriculum Study (BSCS) sending two representatives, a university
professor and a high school teacher, to take part in the formulation of project of
Biology teaching, as it was usual with the American group, in which a scientist
worked together with a high school teacher. (…) at the University of Colorado
at Boulder, where the team in charge of the first version of the BSCS was based.
(Krasilchik, 2012, p. 201-2)

As part of that group, Prof. Krasilchik met very famous scientists, such as Fritz Went,
John Moore, Bentley Glass, Marston Bates, Joseph J. Schwab, Arnold, and Hulda
Grobman. The first generation of BSCS books had three versions, and two of them (Blue
and Green) were published in Brazil. The Blue Version [“Biological Science: molecules
to man”– Biological Science Curriculum Study (BSCS ) blue version”] was published
in Brazil as a preliminary edition entitled “Biologia: das moléculas ao Homem” (Rio de
Janeiro: Centro de Publicações Técnicas da Aliança, 1965). The green version was
published years later, as “BSCS, Biologia: versão verde” (São Paulo: Edart, 1972), both
with two volumes for the students. These books brought particular stress on History of
Science (HS) and were not merely translations as some local contexts were added:

The history of Biology and the process of scientific inquiry were essential
innovations in the presentation of this science (…) The BSCS books were very
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different from others being used at that time, and this brought difficulties to their
adoption, but introducing the molecular level at the beginning of the course was
an outstanding feature and influenced the posterior elaboration of curricula and
other didactic materials, provoking a significant change, bringing the term DNA
as a universal expression (Krasilchik, 2012, p. 203).
Although BSCS Brazilian publications cannot be considered real bestselling books, they
had a consistent sales success, after a difficult beginning. As no local publisher was
committed to invest, the United States Agency for International Development (USAID)
financed a preliminary edition, followed by an agreement between IBECC and the
University of Brasília in 1965 (Barra and Lorentz, 1986). A private publisher (EDART)
was responsible for the subsequent releases, which would encompass the green version.
The blue version had at least 17 printings between 1965 and 1977. In the period 19651972, some 224,000 books of the blue version were sold in Brazil (Barra and Lorenz,
1986). The BSCS books were very influential in the country, as other textbooks adopted
some of the new approaches they brought, particularly the blue version, in terms of
molecular approach. More importantly, teacher training courses were organized on a
large scale and involved a high number of science teachers in different regions of Brazil,
providing direct contact with the textbooks (Barra & Lorentz, 1986; Krasilchik, 2012).
A careful study of the Biology textbooks produced in Brazil in the period 1968-1978
showed that five new productions in the period brought a very similar approach to that
of the BSCS blue version (Almeida and Falcão, 2010).

THE VOICE OF THE STUDENTS

Eliciting students’ thoughts about evolution was not yet part of common academic
research practice, as it would become soon after, in the early 1990s. The first academic
work dealing with the subject, as far as we could figure out, was John Deadman’s Ph.D.
work presented to Chelsea College (University of London), in 1976. He had interviewed
52 students who had not been taught the subjects of Genetics and Evolution at a
Grammar School near London (Hertfordshire), where we worked as a science teacher.
Students belonged to Secondary School, boys only, aged 11-15. One year later, almost
all students (n=49) were interviewed again, with a particular focus on two aspects: the
causes/reasons of evolution, and the processes of biological change (Deadman, 1976;
Deadman and Kelly, 1978).
The findings of this seminal work included the categorization of three basic patterns
of thought about the processes of evolution. Some students described evolution as
something which had happened in the past, as part of an episodic happening. Another
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group of students could perceive some continuity between past and present time, but
another group could see it clearly. Younger students tended to be in the first group,
whereas the eldest concentrated in the last group, which was the largest one, with 34 out
of 49 students (Deadman, 1976).
It is remarkable that there were no references to the question of religion
(creation/evolution), showing a marked distinction between British and American
educational environments at the time. The Brazilian atmosphere did not indicate that this
issue could play any significant role, contrary to later developments. For this reason, the
British pieces of research on the subject seemed to be more relevant to the progress of
this research in Brazil.
Some texts aimed at the public, as mentioned in Dawkins’ example cited above, and
Biology textbooks stressed the difference between Lamarck and Darwin, in terms of
hereditary effects of organic changes due to use/disuse. However, direct contact with
“Origin of Species” could easily show Darwin's firm belief in the inherited effects of
such changes:
Habit also has a decided influence, as in the period of flowering
with plants when transported from one climate to another. In
animals it has a more marked effect; for instance, I find in the
domestic duck that the bones of the wing weigh less and the bones
of the leg more, in proportion to the whole skeleton, than do the
same bones in the wild-duck; and I presume that this change may
be safely attributed to the domestic duck flying much less, and
walking more, than its wild parent. The great and inherited
development of the udders in cows and goats in countries where
they are habitually milked, in comparison with the state of these
organs in other countries, is another instance of the effect of use.
Not a single domestic animal can be named which has not in some
country drooping ears; and the view suggested by some authors,
that the drooping is due to the disuse of the muscles of the ear,
from the animals not being much alarmed by danger, seems
probable. (Darwin, 1859, p.11)
The issue of inheritance of acquired characters was a central point in designing the piece
of research aimed at eliciting students’ conceptions of evolution. The above famous
passage of Darwin’s book was chosen to check whether students would agree with the
inherited effects of habits or not.
It is interesting that the only Brazilian translation of Darwin’s famous book available at
that time (Darwin, 1981) had some mistakes in this precise paragraph. Instead of
mentioning wild and domestic ducks (“patos”), it mentioned wild and domestic
“canaries” (“canários”), the small singing bird. In the same phrase, instead of mentioning
the effects on the bones of the legs (“pernas”), it mentioned thighs (“coxas”), hence
conveying an awkward image, once the thigh has just one bone (femur). It is probable
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that these mistakes derived, at least partially, from the use of a French version translated
by Mme. Clemence Royer. She used the word “canard” for duck but strangely, contrary
to the 1873 translation of J.J. Mouliné, and she chose the word “cuisse” (thighs) instead
of “jambe” (leg). Due to these problems with the French and Brazilian translations, this
specific example was then chosen to test Brazilian students’ ideas in a written test, since
it was unlikely that students were aware of Darwin’s original terms on this specific issue.
The mentioned chapter 3 of the Brazilian BSCS blue version brought a bibliographical
suggestion for further reading in Portuguese which brought exactly the same mistake
(Darwin, 1946). In conclusion, it was likely that even the students’ teachers were
unaware of those original terms.
The final draft of the planned work included interviews with a dozen high school
students who had already been taught the topics of Genetics and Evolution, and some
200 students would answer a short written test. Besides, some additional studies with
HS, including access to primary sources available in England should be done, aimed at
further understanding the growth of the evolutionary theories in Darwin written
documents and books. There was a definite option towards a combined
quantitative/qualitative research methods, following recent works recently published
then (Smith & Heshusius, 1986).
These research studies were carried out between 1989 and 1991, including three high
schools in São Paulo, with students from several religious profiles. It also included a
period of research on HS in England, with access to the Manuscripts Room, University
of Cambridge Library (Cambridge), British Library (London) and Down House (Downe,
Bromley).

FIRST FINDINGS OF BRAZILIAN EVOLUTION EDUCATION
The written test mentioned above was composed of five questions, with a particular
focus on the views of processes involved in the generation of diversity and heredity.
Students had to choose an option and write a few lines. In the first question, a small text
described the fact that wild ducks can fly very well and have heavier wing bones and
lighter leg bones compared with domestic ducks, which are unable to fly. They were
asked to choose one explanation for this fact and write down some lines justifying the
choice. One text followed Darwin’s view (see above, Darwin, 1859, p.11) and the other
presented the differences as random variations, which would have been selected by
farmers in the past. Only 13 students (out of 192, or 7% of the answers) answered
accurately mentioning the effects of random variations selected by breeders. Another
question asked students their opinion about the possible origin of blindness in fish living
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in dark caves. A total of 123 out of 192 answers (64%) credited the blindness to lack of
light or disuse of the eyes.
As one of the schools belonged to the Jewish community, and Darwin had expressed
views about the traditional practice of circumcision, it was feasible to include one
question on the subject. Darwin had written: “Blumenbach, however, asserts that Jews
are often born in Germany in a condition rendering circumcision difficult so that a name
is given them signifying ‘born circumcised’” (Darwin, 1875, XII: 467). We then asked
students to write down their opinions about the same statement, omitting the author of
the information, simply stating “some physicians have reported …” Some answers
included phrases like: “removing the DNA of that part for so many generations …” Only
24% of the students answered that there should be no relation between the two facts,
with some sort of assertion contrary to the hereditary effects of amputations.
Results showed that Darwin’s original views on heredity were widely shared by that
group of students (Bizzo, 1991, 1994). The picture was very similar to the results
obtained with university students from Michigan University (Bishop and Anderson,
1990).
Additionally, eleven in-depth interviews were done in the schools’ environment, with
no communication amongst the students involved. They were fully transcribed and
presented some common aspects. One of the first questions was: “What do you know
about biological evolution?” Students, with no exception, answered by mentioning the
evolution of humans from apes, in a clear indication that human evolution was a central
reference for biological change (Bizzo, 1991, annex). Thus, the following general trends
in students’ ideas were manifest in our results:
•

The environment is the main factor for the generation of inherited variation;

•

The adaptation was believed to be an individual process of adjustment;

•

Evolution is related to progress, improvement, and growth;

•

Biological and cultural evolution is not considered contrasting processes;

•

Models for evolution were co-constructed with those for reproduction and
heredity.

Our empirical results confirmed what had been recently published at that time about
the interconnection between the construction of ideas on evolution and heredity
(Kargdo, Hobbs and Erickson, 1980; Clough and Wood-Robinson, 1985). These results
emphasized the need for innovation in the research field, as many researchers were
claiming for more focus on teachers’ professional skills, on the one hand, and/or, on the
other, on students’ cognitive abilities. Construction of knowledge in the classroom
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environment was part of a broader sociocultural perspective (Wertsch, 1985). These
results led to a new focus in the subsequent work in two manners. First, the relation
between teaching Darwinian evolution and Mendelian genetics should be revised on HS
grounds, and, second, a new hypothesis for historiographical research was possible.

A NEW HYPOTHESIS FOR HISTORIOGRAPHICAL RESEARCH
An Evolution Education Research Conference gathered forty-six scientists, science
teacher educators and science teachers at Louisiana State University campus at the
beginning of December 1992. The conclusion of the conference outlined a research
agenda with seven themes, focusing mainly on students’ cognitive learning potentialities
and teachers’ teaching abilities. There was no explicit mention of a need for new
interpretations of the HS to inform the organization of content and curricula (Good et
al., 1992). However, contradictions between the educational accounts of Charles
Darwin’s ideas against his own written words offered clues that some relevant work had
yet to be done.
Students’ narratives showed how important the figure of human species was in their
minds. Students organized their knowledge about biological evolution around a very
central idea related to human evolution (Bizzo, 1991, 1994). This anthropocentric
perspective was surprising as students were not taught the topic of evolution in the
context of the origin of modern humans. This issue was (and still is) relevant as it might
bring some real consequences for curriculum design as humans were not addressed at
the beginning of a traditional exposition of the development of the theory of evolution
at the high school level in Brazil.
HS scholars had no consensus on how central human species was in the so-called
Darwinian revolution, at least when “Origin of Species” was first published (1859).
Historians were divided about the absence of human examples in the “Origin of
Species,” as different ideas prevailed at the time. One of them argued that Darwin had
encompassed humankind in his theorizing (Bajema, 1988). A slightly different view
maintained that he had decided not to be explicit about human evolution (Cooke, 1990).
Another aspect asserted that Darwin’s references to humans, particularly concerning
cultural evolution, did not mean that the was giving an evolutionary account of human
origins. This issue he would have purposely decided to avoid when writing Origin of
Species (Bowler, 1989).
Furthermore, even though there was a vivid debate about the inclusion of humankind
in the “Origin of Species,” the version which has prevailed in the educational context
was linked to Galapagos finches and the like, but not to human origins. There was no
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mention of human evolution in the famous chapter 3 of the BSCS Blue version, which
had been, as said before, very relevant in shaping the presentation of evolution in
Brazilian textbooks in the 1980s.
The centrality of human evolution was of paramount importance in the proposed
heuristic tool, generating a hypothesis for the reappraisal of the position of humankind
in the base of the evolutionary theorizing. The first results, after analyzing the changes
introduced in the several editions of “Origin of Species,” revealed interesting points to
be considered. The sixth (and last) edition (1872), considered as the “canonical” version
for translation purposes, does not bring an important statement about the differences of
"man races," when discussing sexual selection:
I might have adduced for this same purpose the differences between the
races of man, which are so strongly marked; I may add that some little
light can apparently be thrown on the origin of these differences, chiefly
through sexual selection of a particular kind, but without here entering
on copious details my reasoning would appear frivolous. (Darwin, 1859,
p. 199)

As this part of the paragraph was dropped in the 1872 edition, many readers around
the world were unaware of this brief thought, which expressed undisputed views of
Darwin’s original theorizing. Others, knowing the dynamics of the text, may have
concluded that there was a change in his positions about the subject, without considering
that a long argument on the issue had been published in full the previous year (Descent
of Man, 1871, II vols.). Therefore, keeping this part unaltered in the last edition may
have been considered a neglected editorial detail. The 1981 Brazilian translation of
“Origin of Species” corresponds to the last edition and does not bring this reference, as
well as the Portuguese suggested reading of the mentioned Brazilian translation of
BSCS.
Further research in primary historiographical sources in several places in the UK
showed that Darwin had been researching the topic of "human races." He was collecting
material for his “Big Species Book,” which he was writing in the 1850s, as we can
conclude by the marginalia penciled in some of his books. He not only possessed the
last edition of the famous work by James Cowles Prichard ("Researches into the Physical
History of Mankind," 3rd ed., 1841, III Vols) but also had worked together with him
soon after realizing the power of natural selection. They both took part in a committee
created by the British Association for the Advancement of Science in 1839, aimed at
gathering information on human populations around the world and eventually led by the
famous physician Thomas Hodgkin (Lester and Dussart, 2014).
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There was a vibrant discussion among historians about what was in Darwin’s mind
when writing “Origin of Species." The conclusion about the specific debate supported
the view that the book was primarily intended to deal with humans. The known quote
on the origin of man through sexual selection, which was understandably dropped, and
the famous phrase "light will be thrown on the origin of man and his history," which
resisted all editions, could be taken as indications of his will to include humankind in
his evolutionary views. However, some additional facts were not considered in the issue
of considering humankind in the evolutionary theorizing. The reason for his ideas on
natural and sexual selection applied to the “races of man” did not appear clearly in his
1859 book seemed to be due to chance factors and to a dramatic irony, related to his
conceptions of a phenomenon which was called “reversion to the wild state” (Bizzo,
1992b).
Students tend to co-construct their conceptions of evolution and heredity jointly.
Some reports of HS state that there were no such parallels in the original construction of
the theory, as Darwin “lacked” a theory of heredity. The centrality of inheritance and
reproduction in students’ narratives led to a reappraisal of the development of Darwin’s
ideas on heredity, and how (in)compatible they could have been with Mendel’s. The
English thinker attributed an essential role to the environment in the origin of variations,
modifying hereditary particles (“gemmules”), a model which was called “soft
inheritance.” Again, it was possible to figure out an open field for HS research, with real
impact on the issue of the structuring of curricula worldwide (Bizzo, 1991; Bizzo and
El-Hani, 2009)
The findings of this part of the research program brought interesting new perspectives
for the interconnection between science historians and educators. On one hand, new
versions of HS can convince educators that alternative ways of thinking held by their
students are not in fact shared by famous scientists from the past. On the other hand,
educational research can provide a useful working hypothesis for the historiographical
reappraisal of central parts of the development of biological sciences. This “bottom-up
approach” (Bizzo, 2011; 2013) can grant new clues for further inquiries on HS relevant
specifically for biological education.
SHARED MEANINGS ABOUT GENETICS AND EVOLUTION
After some years of work, there was no doubt that the view of the inheritance of acquired
characters had been deeply rooted in our culture. Students did not learn misconceptions
about the effects of the environment in offspring by simply reading their textbooks or
science magazines. So, a new phase in the research project was designed. This new phase
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aimed at understanding the social and historical roots of the knowledge which was
shared by so many students in different countries. A new theoretical thrust was needed,
with a broader focus, avoiding too much attention on the development of individual
learning (or teaching) skills of the Piagetian tradition.
Developmental psychology provided relevant inputs, especially with the theninnovative ideas of sociocultural studies, from authors such as Barbara Rogoff, Jean
Lave, and Etienne Wenger. Studies in the sociology of knowledge were also very useful,
providing theoretical tools to understand the social construction of the so-called
“common-sense knowledge” that constitutes the reality of everyday life for the ordinary
member of society. By mid-1990s the expression “misconceptions industry” was well
known within the science education community, and a new approach was needed, in
order to understand social knowledge as a composition of different “zones of
familiarity,” in which some areas of reality are more illuminated than others (Berger and
Luckmann, 1965). The search for such “zones” led to the search for social groups with
privileged access to appealing evidence. People with direct contact to sound evidence
about heredity and evolution were invited to express their views, and their particular
ways of conceiving reality.
One of the first steps of this new phase was to follow families with genetic syndromes
as part of a collaborative effort with the group of Genetic Counseling Service (GCS),
Laboratory of Human Genetics, Dept. of Biology, Biosciences Institute, University of
São Paulo.
The first results showed a very complex web of relations, as research work occurred
far away from schools, and outside the school environment which was familiar to us.
Patients, and not students, were to be approached, what brought an entirely new universe
of challenges related to the psychological aspects of genetic counseling (Kesser, 1989).
In the sociocultural theoretical perspective, cognitive activity is not a single and
purely logical mental task, but rather a two-leveled process which makes use, on the one
hand, of tools for cognitive activity (such as scientific theories) and practices socially
negotiated. On the other hand, immediate social interaction creates a material basis for
individual cognitive action, such as explanations of heredity in order to explain the
reappearance within a particular family of a malformation in a newborn, or conceptions
of petrified bones, teeth and shells, within a community living in rich fossiliferous
region, as we will see ahead.
One remarkable aspect was the fact that families arrived at the university GCS after
having spent long periods of time following physicians’ advice, and listening to
explanations about how deafness could result after some viral infections during
pregnancy, and how albinism could be transmitted from one generation to another. To
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find what we called “first-hand discourses,” spontaneous thoughts of shared meanings,
we looked for families with rare syndromes, preferably large families with disorders of
specified complexity, with incomplete (or reduced) penetrance and variable
expressivity. A pilot study was then carried out after obtaining permission to contact
relatives of one family under counseling which fulfilled the requirements of complexity.
The family had a rare syndrome with a wide range of pathologies, ranging from tibial
malformation to complete absence of the bone. This family also had ectrodactyly, an
abnormality with several degrees of severity, involving partial to total absence of some
bones in the hand. The hereditary pattern of these abnormalities is still unknown;
therefore, members of the family exchanged ideas about heredity with no significant
influence of physicians or GCS staff.
Our work involved the development of methodological procedures which would
allow capturing meanings that members of the family transmit by their discursive
activity. The main objective was to understand how members of a family highly
motivated to think about heredity conceived and negotiated their views of the
relationship between genetic and environmental determinants of body characters.
Religious beliefs, moral, and supernatural punishments, but also unrealistic "accidents"
for missing bones in the hand were mentioned as causal factors for the appearance of
abnormalities and malformations. The system of shared meanings indicated that they
would have turned into inheritable characters for future generations.
The decision of no publication of the interviews was grounded on the lack of proper
methodology dealing with such sensitive details; a mother describing her thoughts about
her baby with a specific malformation could not be analyzed with the same tools as could
be done with students representing their thoughts about evolution. Results of this new
phase helped to foster methodological procedures about the selection of contexts and
data collection and analysis of discursive activity within the theoretical thrust of
sociocultural studies.
Another research study followed, with interviews of 100 members of two large inbred
families, with a common origin in Serrinha dos Pintos (RN), northeastern Brazil. The
largest group consisted of 60 people, with 25 affected by a previously unrecognized
neurological disorder. Major manifestations included congenital optic atrophy, earlyonset progressive spastic paraplegia, and acoustic startle. The other group consisted of
40 people with neurofibromatosis type 1 (NF1). Both groups fulfilled the requirements
of complexity, and narratives were vibrant, with the environment playing a significant
role to explain disorders and birthmarks, which would have turned to be inherited. A
groundbreaking work, this research not only refined the new methodology for data
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collection but also allowed to understand the vital role of the influence of the
environment as a causal factor to conceive genetic traits in inbred families. The
syncretism of explanations incorporated scientific and lay knowledge, creating
narratives which were legitimate for the members of the community. Communication of
results was planned to have a central commitment to respect for the families involved
(Santos, 2003; Santos and Bizzo, 2005; Santos, 2006). Eventually, the
neurodegenerative disorder was described as a new genetic syndrome: Spastic
Paraplegia, Optic Atrophy and Neuropathy (SPOAN) Syndrome (Macedo-Souza et all,
2005).
After some years of hard work, the sociocultural roots of the belief of inherited effects
of acquired characters were well documented, with a solid empirical base. This
knowledge is a result of a process of legitimation, which is not only a normative element
but also a cognitive one. “In other words, legitimation is not simply a matter of ‘values.’
It always implies knowledge as well” (Berger and Luckmann,1966:86). Interestingly,
Charles Darwin was also a member of an inbred family and had had two children who
probably were born with some genetic disorders (Bizzo, 1992b).
LIVING NEAR FOSSILS
The above set of studies paved the way for further research, now focusing highly
motivated people with direct contact with shreds of evidence of evolution, which were
relevant in HS. Data collection of discursive activity about evolutionary phenomena
involved young students who lived in places with plenty of fossils, looking for ways in
which the community conceived and represented animals and plants from the past.
The first place that drew our attention was the village of Villavicencio, in the
Andes, where Darwin reported his astonishment after finding compelling geological
evidence which would shake the grounds of the “theory of the formation of the world,”
as he wrote to his sister Susan:
In these same beds (and close to a Gold mine) I found a clump of petrified
trees, standing upright, with the layers of fine Sandstone deposited round
them, bearing the impression of their bark. These trees are covered by other
Sandstones & streams of Lava to the thickness of several thousand feet.
These rocks have been deposited beneath water, yet it is clear the spot where
the trees grew, must once have been above the level of the sea, so that it is
certain the land must have been depressed by at least as many thousand feet,
as the superincumbent subaqueous deposits are thick.— But I am afraid you
will tell me, I am prosy with my geological descriptions & theories.—
(Darwin’s letter no. DCP-LETT-275).
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Applying the new methodology on discursive activity in the very same settings
seemed to be an exciting challenge. The main objective was to listen to the people living
near this “clump of petrified trees,” explore their impressions on the marks of the trees’
barks, and examine what they thought about the amount of time required to transport
those remains to the height of 12,000 feet.
Unfortunately, after a great deal of work for funding, planning, and implementing
several travels, results were disappointing, as the place was desert, hardly known by
local people living either Villavicencio or Uspallata (the nearest villages). An article
(Bizzo & Bizzo, 2006), a book (Bizzo, 2009) and a TV documentary “Darwin nos
Andes” (available at http://neliobizzo.pro.br/midia/documentario-darwin-nos-andes/)
were the only concrete results of this endeavor. As the place is close to the country
border, the nearest people living there are members of the Argentinian Armed Forces,
who stay in the place for short periods.
A similar place, highly populated, was identified in northeastern Brazil, where there
are significant fossil remains from the Cretaceous, in the border Pernambuco-Ceará, in
northeast Brazil, a place called Chapada do Araripe. It has been mined commercially for
cement manufacture and paving stones. In the quarries where the slab limestone is
extracted a massive number of rare and beautiful fossils occur, rendering world-class
status to the site. It constituted what is known as a “Fossil Konservat Lagerstätte,” a
deposit known for the exceptional preservation of fossilized organisms, where the soft
parts are preserved in the form of impressions or casts. It proved to be “one of the most
diverse assemblages of a Cretaceous terrestrial biota known elsewhere” (Martill et al.,
2007, p. 4).
As a result of our research in that place, we discovered unnoticed evidence of social
views about geological time in the local culture. Artisans sold paving stones with
engraved images of the fossils. Contrary to the first impression, which would present
them as mere counterfeit souvenirs intended to persuade gullible tourists, the carved
images were artistic representations which reproduced the artisans’ perceptions of the
meaning of fossils. In the artisans’ view, they were valuable for their intrinsic aesthetic
meaning. These engravings were sold at the home of the own artisan, who was proud to
say that they are handmade, showing images not only of locally known fossils, such as
scorpions, dragonflies, and insects but also Jurassic Park’s dinosaurs and even parrots
(Figure 8.1).
These souvenirs expressed the natives' understanding of the meaning of fossils, not
as proofs of what life was about 100 million years ago in high Cretaceous, but rather as
beautiful forms carved in solid stone. The fossilized feather found in the artifacts, which
was on display in the local Paleontology museum as a tantalizing fact, was not
understood as a proof of the antiquity of birds in the region (and the whole continent),
but as a present-day parrot (fig 8.1, right-hand side).
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Figure 8.1. Artisans sold paving stones with engraved images of fossils; including
scorpions, dragonflies, parrots, and even dinosaurs.
Phoro provided courtesy of Nelio Bizzo

Seven students who lived in Araripina (PE), aged 9-13, and eleven students from
Santana do Cariri, aged 11-15 were interviewed and it was possible to capture in
students’ discourse is part of a social system of shared meanings for fossil evidence.
Fossils were seen as signs of present-day animals and plants, which would have
undergone fossilization the previous year, during the dry season. The names for fossil
animals correspond to those attributed to the living ones, such as “piabinha,” a small fish
which can be seen in the small rivers or fossilized in limestone.
Another group of nine students, aged 8-12, were interviewed in the extreme south of
Brazil, in a small town called Mata (RS). The place is well known for the immense
quantity of fossils, mainly trunks from the Upper Triassic. Results were exciting, with
rich narratives combining elements from the local culture, religious beliefs and scientific
information provided by local museums and schools. The idea of geological time proved
to be very difficult. For instance, students could admit that some trees had died some
200 million years ago, but they believed local natives cut them. They were seen as
present-day local trees, known as "araucárias." In conclusion, these places had fossils
very similar to present day living beings, and the idea of extinction was not evident in
students' narratives (Oliveira, 2006, Bizzo & Oliveira, 2011).
Another set of interviews was carried out in Italy. For this part of the research, the
region of Verona was chosen for several reasons. There were many indications that the
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area was an essential context of the first discussions about what was to be called
“geology” in the XVIII century, including the origins of mountains, their shapes, and
relations that could be established with sacred books. The places selected to conduct
interviews were very unique as one can easily find fossils relatively recent (50 million
years), but different from living beings found there now.
The villages of Bolca and Roncà where the two places were students were
interviewed. These places bear fossils of tropical animals and plants, which could never
live in the same area now with a severe winter. The small village of Roncà have fossils
of manatees, Bolca have fossils of tropical fish and fruit, as cocoanuts! The striking
difference between the mineralized remains and the living beings of the place creates a
situation which requires a special effort to conceive such contrasts. We called these
places “paleoheteromorphic,”, contrary to the previous ones, which we called
“paleoisomorphic” (Bizzo, 2011; 2013; Bizzo & Oliveira, 2011.
Twelve students aged 9-12 years old took part in the interviews, which were carried
out individually, in students' own homes or otherwise in places suitable for them.
Interviews were performed before their parents; however, with no direct eye contact so
that the child could not receive positive/negative feedback from his/her parent, who
signed a written agreement. They were performed in Italian (and not in Veneto dialect),
which is considered the proper form to communicate at schools, and were tape-recorded,
translated into Portuguese and transcribed or summarized for analysis.
Italian children had a good idea of the names of the fossilized creatures, and their
narratives are rich in details, connecting geologic and paleontological information and
terminology. They know well local museums, which are visited every year. Geological
time is hardly understood, but they know well that those creatures are extinct and no
longer can be found everywhere else in the world.
We found significant differences in the narratives of these two group of students,
even though geological time was equally hardly perceived, even when students were
well aware of the paleontological terminology. Therefore, the social construction of the
idea of geological time is not expected even in places plenty of evidence. Fossils were
regarded as remains of living beings, also though biblical deluge was referred by some
students who belonged to both Catholic and evangelic families. The idea of extinction
was not clear for the Brazilian children, who lived in “paleoisomorphic” places, whereas
the contrary was found with the Italian children, who lived in “paleoheteromorphic”
places (Bizzo, 2011, 2012; 2013; Bizzo & Oliveira, 2011, 2012). These results are
relevant not only for educational purposes but also for conservation ends.
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Interestingly, the fossils of Bolca were at the center of a dispute about the possibility
of extinction by the end of the XVIII century. Creationist priests, such as Domenico
Testa and Serafino Volta insisted that they belonged to living species, whereas some of
the first modern geologists of the time, such as Alberto Fortis and Giambattista Brocchi
contested their conclusions. The issue was solved, surprisingly, by the young Louis
Agassiz in 1833, who concluded they were all extinct; in other words, they were all
“paleoheteromorfies” (Bizzo & Oliveira, 2012). However, when Charles Darwin was
writing his famous “Origin of Species” the issue of extinction was still under discussion,
not only from the perspective of the extent (local vs. global) but also from the
perspective of reversion. He mentioned the famous “Barrande’s colonies” as phenomena
yet to be explained, and the French paleontologist replied with a new book questioning
Darwin’s statements soon after.
CONCLUDING REMARKS
For readers of Charles Darwin’s original works and personal letters, it was clear
that new sources of information were needed for the Brazilian students (and Biology
teachers) at least since 1981. Different publishers, public and private, developed new
editorial projects, and today there are reliable sources available, despite the considerable
growth of the fundamentalist movement against evolution in Brazil in recent years. One
of these projects allows a deeper understanding of Darwin’s original text, with the
insertion of 690 footnotes (Darwin 2018).
The work on HS has proved to be crucial as a source of creative ways to conceive
of available information. Charles Darwin did not discover any tantalizing fact, animal
or plant, but instead ascribed meaning to available evidence in highly original and
revolutionary ways. The research work reported here shows how important is the deep
understanding of these past creative processes and how educators can play an important
role to accomplish this task today.
The creative thinking of past scientists has some similarities with the challenges
that young students face at present. It is well possible to develop new theories for
historiographical research after listening to what people think about the key features of
certain phenomena especially when they have direct access to the events under study. It
was remarkable how some young students attributed centrality to human evolution and
had a "Lamarckian" model to explain the evolutionary change.
The narratives of members of inbred families with genetic disorders bought a
new perspective in order to understand how central the role of the inheritance of acquired
characters is to keep up with genetic evidence. The recent research on epigenetic
phenomena will possibly enhance this tendency in the near future.
Young people living in places with plenty of fossils have narratives, which allow
a broader understanding of different ways in which evidence regarding evolution can be
conceived. The concept of deep time cannot be expected to appear spontaneously, and
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therefore must be explicitly addressed by curriculum development policies. The concept
of “paleoheteromorphies" played an essential role for the understanding of the social
construction of the idea of extinction, which seems to depend to a certain extent on the
recognition of the differences between past and present-day biotas.
This research program is still going on, now with a new branch related to
international and nation-wide surveys. Further studies try to understand the level of
acceptance of science, technology, and evolution among students at the high school
level, painting a more comprehensive picture (see next chapter). HS studies on Italian
geology of the XVIII-XIX centuries are also presently underway focusing on the
obstacles faced by the burgeoning Italian geology community (Bizzo, 2011; Bizzo and
Oliveira, 2012). The idea of irreversible extinctions is a critical concept in "Origin of
Species," and was still under discussion at that time. Darwin seems to have been
influenced by the ideas of Giambattista Brocchi since his first observations during the
voyage of the Beagle (Dominici, 2010, Dominici and Eldredge, 2010,). The similarities
between key concepts hard to develop in the classroom and HS episodes suggest it is
worthwhile to make such texts available to educators.
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