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Diverse views about the way biological education should be approached have been

extensively proposed in the literature including emphases on inquiry learning.
cognitive psychological models, and interdisciplinary biopsychological theories of
‘learning. These views have focused on specific areas of biology education without
giving a more holistic and integrated view of this discipline. Thus some of them have
emphasized the philosophical implications of new revolutions in scientific inquiry
(BSCS 1963; Brandwein 1971). Others place more emphasis on well established
cognitive psychological or biopsychological theories for development of biology
curricula (Anderson 1972, 1983; Karplus et al. 1977, Lawson 1975, 1980; Lawson &
Renner 1974, 1975; Novak 1977), and communication processes{Anderson 1971, 1972).
Other modern approaches have highlighted laboratory teaching by matching
cognitive psychological principles, specific inquiry skills, and social aspects of
science (Anderson 1976). More recently, extensive efforts have teen made to develop
both classroom and laboratory tools t0 enhance cognition and philosophical
understandings of science. Among these are concept maps and Vee diegrams to help
students t learn how 10 learn and develop more integrated patterns of
thought{Novak & Gowin 1984).

In most of these studies, specific philosophical or learning psychology theories
have been applied to design models, tools or strategies to improve the teaching and
learning of biology. Several curriculum materials(Bass & Montagur 1972; BSCS 1963,
1960; Karplus et al. 1977; Novek & Gowin 1984; Renner et al. 1976) have been prodljced
based on the application of specific theories of learning, such as those of Piaget(1952,
1966, 1972;), Bruner( 1960, 1964), Gagné(1977) and Ausubel(1963). None of them
present a clear integration of main constructs involved in science learning 10 assist

teachers in the design and development of tools and strategies 10 improve their

teaching.



This essay spans the void, by prescnting an integrated view of biology lesson
constru-tion(S&nchez 1985). Specific science inquiry models and cognitive learning
theories have been selected and their theoretical rationales synthesized into a model
' particularly appropriate for devélﬂpment of science teachine sirategies. The goal
therefore, is to construct a meta-paradigmatic cognitive theory and related science
educational models which are particularly applicable tw biology lesson
construction{S4nchez 1985).

In _thi: context, the views of three major cognitive learning theories Liave teen
integrated in this study, namely Jean Pisget’s theory of intellectus! 4ovelopment,
David Ausubel’s theory of azsimilation and meaningful verbal learning, and Jerome
Bruner's theory of cognitive development. The major common points end those
specific aspects which can be linked to develop a broader interpretation of cognitive
psychology theory have been selected and synthesized to inform curriculum
development in biology. Special attention is given to the practical application in
biclogy of the concepts of (1) mental adaptation, assimilation and accommodation
derived from Pisget's theory: (2) progressive differentiation and integrative
reconciliation in sequential knowledge organization through linkage to prior
knowledge as in Ausubel’s theory; and (3) the concept of structure of knowledze
proposed by Bruner. Let us make a short review of the first two constructs and then
discuss the concept of structure in the next section.

Mental adaptation corresponds to the psychological and phyzsical chanpge of
behavior as a result of the interaction of processes of mental sccommodation and
asgitnilation. Assimilation more particulsrly, is the application of an establizhed
behavior pattern 10 a familiar or new experience which later can be incorporated
into cognitive structures. Accomodation is the tendency to change former behavior

patterns in response to experience (Sanchez 1985).



Progressive differentiation and integrative reconciliation can be beter
understond through examples of concept learning. To enhance measnineful learnine,
more general and abstract concepts should be prezented first o the stadent follo~ - |
by progressively differentated or less abstract content. In this way, a congept io
acquired progressively through greater refinement and particularization of the
content presented. If we learn the concept of ¢ell, for instance, we first leern its
definition, such as “cell is the anatomical, psysiological and biochemical unit of all
living things”. This is certainly an abstract concept. So we go further by stating that
three main components of the cell can be distinguished, namely ¢ell membrone,
cytoplasm, and nucleus. Later we can say that suspended in the ¢ytoplasm thers are
cell organelles which explain most cell functioning, o we identify mitochondria,
Golgi apparatus, ribosomes, endoplasmic reticulum, centrosome, etc. What we are
doing here is to presant first the more abstract concept (cell), then progressively
differentisate its meaning through explication of subconcepts such as ¢ell membrane,
cytoplasm, and nucleus. Mimarely a more fine differentiation is made by discussing
the concepts of mitochondria, Golgi apparatus, ribosomes, endoplasmic reticulum, etc.
In the course of exposition of the topic some students may not understand fine
nuan<es of meaning a8 for example confusing <¢ytwlogy with <¢ell biology. Other
stlents may nnderstand these as two completely different concepts, so the teacher
may need to relate this "new concept”(cytology) to the previously acquired concept
{cell biclogy) by showing what aspects are synonymous and which sre different. This
is also called integrative reconcilintion. N

In addition to the integration of these cognitive constructs w develop the
meta-paradigmatic model presented here, some commonplaces among inquiry
oriented edueational theorists are elucidated and the union of their prescriptive ideas

set forth. Thus the inquiry mod»1s proposed by adiverse setof scholars, e.i., 0. Roger



Anderson(1976), Paul Brandwein(1971), John Dewey (1933), Joseph Schwab(1960a,
1960b, 1964), and Richard Suchman(1966), have been synthesized »nd integrated 1o

form the meta paradigmatic model and to =»t a bagis for lesson contrustion.

THE META-PARADIGMATIC MODEL

STRYICTURE OF BIOLOGY

To achieve an integrated and holistic approach, basic principles of modern
biological knowledge organization should be taken into consideration. When
knowledge is understood in its broadest context, different degrees of relationships
among biological structures can be drawn. In other words, the student comprehen<s a
sufficiently broad context of biological knowledge to mediate synthesis of linking
ideas among otherwise apparenty isolated units of knowledge. In so doing, different
levels of organization among the biological structures can be found. Similarly, the
organizational level can be taken as a pattern for a scientifically sound and
educationally relevant ¢lassificatory organization in biology. This has been labeled as
“biology hierarchy”, which ranges from a molecular, low level of organization, 10 &
world ecosy=tem level of biological organization, hence a high tevel of organizstion,
known as a biome. In other words, a biology hierarchy is a way of organizing
bictogical categories in such a way that lower order idess are subszumed within
higher order ideas. Thus, in the main, the hierarchy of biological orgenization
consists of increasingly inclusive levels such as. molecules, cells, tissues, organs,
systems, organisms, population, community, ecosystem and biome. In a subsumptive
way, <ells include molecules, tissues include cells and molecules, organs includs

tissues, cells, and molecules, and so on.
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The organization ¢f knowledge in hierarchies is proposed by theorists such ac
Ausubel(1963), and Gagné(1977). But for different reasons, Ausubel recommends that
learning is facilitated when broad hence more general information precedss and
encompasses subsequent more specific information. Gagné, however, prescrib=s
proceeding from specific units of information to the more general.

In addition to a biological hierarchy, the concept of ideational swructiure as
proposed by Bruner also applies to a discipline as a way of understending
meaningfully how things 8nd ideas within a discipline are related(Bruner 1960).
Hence according to this view, the structure of a discipline is composed of the main
principles, theories and models that give ¢coherence and meaning to the discipline.
This suggests organizing curricula in biological education around relevant themes
such as, adaptation, evolution, homeastasis, ¢ell organization, reproduction, etc.

Consider for example the theme of reproduction, which is a potentially broad
organizing concept in biology but has not been included [fully in earlier
projects{BSCS 1963). The pattern given by the reproductive process can be followed
throughout the biological hierarchy to give an integrated approach 0 teaching of
biological phenomena. At the molecular level, for instance, nucleic acids (DNA,
RNA)follow a reasonsbly similar pattern of polymer synthesis when duplicaling,
replicating, transcribing. etc. At a higher level of the biological hierarchy of
organization, in a category such as systems, a nearly ubiquitous pattern of sexual
reproduction among higher animals is represented by the process of generation of
sexual cells by the male and female reproductive apparatus followed by fertilizotion
and continuation of species.

By the same token, even though the usage of a single theme to develop a whole
curriculum in biology is highly useful as recommended here, it should be pointed out

that too much emphasis on only one theme moay not offer a complete picture of the



biological phenomensa, losing some aspects that moke a broader understanding of this
discipline. Hence, it is important to carefully inteorate as broad a perspective on the

topic as possible within the coherent structure provided by a focal theme.

STRUCTURE OF THE MODEL

Baced on the foregoing broad conceptual foundations, Figure 1 shows the siructure
of the integrative model for biology lesson construction. The structure of the model
consists of: (1) Biological topic or contents to be taught, (2) Learning objectives or
intended covert and overt student’s behavior, (3) Rationale which sets the framework
for the content and inquiry emphasis of the lesson and how they are applied to meet
the particular cognitive leve! of the students, (4) Biolesson outline. The latter iz the
c¢ritical part of the model and is divided into three major components: a. The way
learning of new ideas should be initiated, called here pre-concept mapping, b. The
way learning material should be organized, that is the strategies for introducing and
building new ideas, and ¢. The way new ideas should be integrated to the old ones
called here post-concept mapping. Finally an integrative analysis (5)of the lezson is

given.

Insert Figure 1 about here

Undoubtedly, the innovative section of the lecson is the biolesson ocutline. The
pre-concept mapping section spplies to the uze of a cognitive tool so called a "concept
map” presented elsewhere by Novak (Novak 1977, 1980, 19681) and Novak and Gowin
(Novek & Gowin 1984). This is a way of ordering prior ideas and concepts in a

meaningful way and thus of constructing and ordering a mental schema or strusture



(e.g. Anderson 1976, p. 80-89) that provides the “cognitive scaffolding” for lawer
learning. Hence, the student comes to understand concepts and their relationships
with the ones already ordered in pre-existing mental structures. Guidelines to
. construct cognitive maps are given by Novak and Gowin (1984), and they <an be
practiced through classroom interaction, personal interview and group discussion. A
top-down sequence of content differentiation is foliowed as it responds 10 Ausubelian
principles of progressive differentiation and integrative reconciliation. Therefore,
snylents construct meaning and understanding throuzh developing hierarchies 10
bridge prior and new knowledge tw moke their learning more related to their
personal 'earning perspective  ond thus to acquire informstion in a more
meaningful, olid and permanent yay.

Once the student's conceptual hierarchy is mentally ordered and meaningfully
organized, new related ideas or concepts con be presented with greater precision of
acquisition and less confusion. The model introduces the approach of presenting
disequilibrating situations to challenge the students to construct their own learning
experiences and meanings. The students have 10 assimilate new learning experiences
and then accommodate, reardesr and construct them to produce mental equilibration
or to set the conditions for mental adaptation(Piaget 1952, 1966, 1972). In the same
context, a new meaning is construcied through acting on the experiences, and
students play a much more active role, getting conwol of their own learning
experience. For example in the lesson presented below, active student participation iz
elicited by challenging the students through questioning to explain the pattern of
behavior of some species when interacting with other species. The disequilibrating
percention {5 engendered by the enterely different shape of the growth curve when
species A and B are placed within the same locale C.

The post-concept mapping analysis corresponds 0 an integration step in the



development of the biolesson. It is astep that brings ol concepts, prior and new ones,

together to link new knowledge with the concept mmoape constructed by the studonts o

the beginning of the lesson. The swdents will come to reslize where thiz 1o -

learning fits into their prier conceptual hisrarchy. This can be attained by clozzroom

or group discussion. In so doing, the conceptual linkages will make a profound

contribution 1 enhancing the meaningfulness of their learning as well as 10 5ot the

mental conditions 10 start anew learning cycle.

To understand more fully the model, let us analyze an example of constructing a

biolesson using this meta-paradigmatic approach.

A BIO-LESSON

BIO-TOPIC: Prey-predator Relationships

LEARNING OBJECTIVES: * Anselyze the growth curve for the species A and B

RATIONALE:

Content Analysis:

* Interpret the growth curve for the species A and B

* Construct a prey-predator relationship between species
AandB

¥ Predict a similar pattern of behavior for a population

which contains similar characteristics of A and B.

The main idea behind this biolezzon iz to understand an
ecological interspecies relationship in which predation
iz one of the main forms of interaction. In doing oo, the
concept of prey-predator relationship and their pattern
of behavior is 10 be predicted and extrapolated to other

organisms by the students.
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Cognitive and Inquiry: By analyzing, interpretne, discovering, and

Emphacsise

BIOLESSON QUTLINE:

predicting, the swdent will have w0 use high level
cognitive skills. A situation of direquilibrium will bte
¢reated. They will have w0 reorder prior meatal
schemas and resolve this situation of disequilibrium.
This is accomplished by associauing ideos,
discussing, debaling and answering challenging

questions.

Pre-concept Mapping: The basic ideas required to state anchorsge to the

new ideag are related to the concept of organisia,
population, community, energy, primary

productivity, etc. The organisms are grouped in
populations which, in general, contain the same
genetic pool, that is, organisms of similar
characteristics that can exchange genes can be
grouped in a population. They generally belong to
the same species. The number of orgenisms in a
particular area determine the populalion density.
Various organisms of different species constitule a
community. In order to maintain an eqnilibrium in
the ecosystem, the organisms of a community
interact with each other. Az a rezult of thic
interaction a flow of energy is produced
This interaction can te positive and negative, that iz,

beneficial or not beneficial(see Fignre 2).
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Incert Figure 2 about here

New Ideas: The following activitier are suggested:

* Swdents  discuss  with  each  other  about  the
concepts of organism, population, snd community.

* Students give examples of organisms, population, and
community and discuss their relationship in the
ecosystem.

# Studenis, through discussion, define community, 62 agroup of
organisms of different species which interact with each other
1o maintain a flow of energy.

* The teacher presents the two curves for population growth of

species A and B(see Figure 3).

Inzert Figure 3 about here

# Students analyze the graphs.

[Through questioning and discussion, students will have o determine that
the number of mdividuale increases as the time increases reaching a point
where thers is no more growth and the population is stable. Basic skills of
analyzing graphs are to be employed here, students will have to describe

each curve and understand them. If this is not mastered, there is no reazon



to start the next step. They should describe these curves in their own
terms. Then, if necessary, the teacher can mediale by helping thern to
describe such a curve in more cophisticated language ).

Teacher présents a graph that represents the rezult of

putting both organisms A and B in a specific area C{zee Figure

4).

Insert Figure 4 about here

Students organized in groups analyze the graph

Students describe to the ¢lass the events occurring through
time

[The teacher plays a key role by asking specific questions that will make
the studenls resolve the disequilibrium produced. S/he may ask questions
such as, what happens to <pecies B when species A is growing?, what
happens with cspecies A when species B is growing?, can species A
and B grow together?, what arquments can you give
to explain this siluation?, if A grows because it eats B, why does it start
decreasing at a certain point?, why, then, is species B growing?. The

answer to these questions are to be discussed by the students).

As a result of this discussion, students predict the same
pattern of growth for other species when the same type of
interaction is presented. They may also extend that

generalization to other organisms as a pattern for



prey-pradator interaction.

Post-concept  Mapping: Through a simple exsmple, the stulent:
have understeod a basic pauvtern of predation
presented in most ecosystems. They have
understood that there are periods where the
abundance of predators is great. These periods
are characterized by a decresse of prey. The
amount of prey increases when predators die
Therefore, both populations, A and B interact in
such a way that they ¢annot subsist successiully
at the same time in the same ecosystem. This
inmegration can be built in a concept map o
relate prior gained concepts and the new

concepts as is shown below. (see Figure 5).

Insert Figure 5 about here

INTEGRATIVE ANALYSIS: The emphasis of this biolesson is on storing,  perceiving
and organizing information. To store this new knoviedge,
the students will probably have to resolve the
incongruities produced when, aflter presenting two
growth curves of species A and B, the swudents are

confronted with a different curve for species A and B in
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the same place C. This introduces dizsonance. They have to
mentaliy restructure their prior schemes. To attain thiz
through discussion and questioning, they may assimilate
this new understanding end further modifying prior
cognitive structures to accommodate this new knowledze
to achieve a mental balance. Thus, a new pattern is stored
which ¢an help to organize ideas into a rational order to

understand the whole pattern given its parts.

DISCUSSION AliD IMPTLICATIONS

During this decade, there have been modern trends in science teaching 1o try to
merge well established cognitive learning paradigms with current models of
scientific inquiry to make their teaching and learning more meaningful, solid and
permanent. Eventhough these provocative views have been recommended to
introduce a more holistic view of zcience ingtruction, the implementation has been
limited. The model of lesson construction presented here iz intended to bridge thiz
gap between theory and practice in science teaching.

Although special attention has been given to the application of the model 10
biological content, the broad scope of the model ag well a3 the fine uzage of main
constructs of well-established copnitive and science learning paradigms, make it
suitnble to many disciplines, especially those within the natural sciences,

Ferhaps the major strength of this model iz the synthesis of cognitive and science
learning theories as a means of carefully constructing science lessons to facilitale
acquisition and organization of science learning materials. On the other hand, the

model hes its limitations if we consider the fact that the model does not deal directly
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with critical constructs in science learning such as reasoning and problem solving,
but we must be aware that the structure of the model gives explicit and implicit
guidelines to approa h these proco-zes more holistically. By the same twoken, the
mndel will need a complete field testing in different school and college settings to
find out its effectiveness in science learning situations. Actually, testing is on it vay
in Chile. Further research is needed to improve and expand this model.

Cleariy. the meta-paradigmatic model described here provides a rich opportunity
to focus the learning and teaching of science more broadly with a solid theoretical
basis, and to contrive science curricula to help teachers and stndents to gain greater

auwtonomy in their learning and to develop more integrated patterns of thought.
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Figure 1. Model of Biology lesson contruction. After stating the learning objectives,

a rationale 1o stress the main content, cognitive and inquiry emphasis of the lesson
is explicitly discussed. The !esson starts pre-organizing prior concepts through
mapping, then new ideas are presented through presenting disequilibrating
situations to challenge mental adaptation end finally ending with the integration of
new and old concepts through mapping. An explicit integration of the lesson is also

suggested.
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Figure 2. Example of a concept map to organize prior concepts related to
interspecies relationships.
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Figure 3. Graphs displaying curves for population: growth of Species A and Species B
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Figure 4. Interaction of Species A and Species B, showing prey-predator relationship
and its impticances for population growth
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Figure 5 Example of a concept map for prey-predator relationship, showing the
linksge between prior and new concepts to foster meaningful learning.
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