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ABSTRACT
TEACHING ENERGY

TO
HIGH SCHOOL GENERAL BIOLOGY STUDENTS

By
Laurie Ann Vargo

The purpose of this energy unit was to teach the basic concept of energy
to ninth and tenth grade general biology students. The unit addressed the
general concept of energy, and compared physical and biological energy; laws
of thermodynamics, energy stored in chemical bonds, and energy transfer in an
ecosystem from the sun to living organisms.

The unit was built around a thematic approach to teaching science, and
included several laboratory experiments and "hands-on" activities to promote
conceptual understanding of energy. The instruction sought to incorporate
writing across the curriculum and elements of the constructivist philosophy. An
additional goal of the unit was to help students feel comfortable with science
and scientific thinking.

Student interviews, comparison of pre-test and post-test scores,
evaluation of journal entries, student writing samples, exit student evaluations,
and cooperative learning group reports/projects were evidence that student
leamning was enhanced by the pedagogic methods utilized. The students were
enthusiastic learners who constructed their own knowledge of energy.
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CHAPTER 1

INTRODUCTION

Statement of the Problem and Rationale for the Study

Elkana (1974) observes that ‘conceptual revolutions’, ‘conceptual
evolutions’, or ‘conceptual frameworks’ are talked about frequently, but never
defined by those who discuss them. Concepts can be thought of as ideas
scientists use when they plan new experiments or develop new mathematical
formulas. The concept must be accompanied by content. Educators use these
concepts to plan what content to teach. According to Elkana (1974), von
Heimholtz proved correctly and generally the law of conservation of energy.
However, he did not have a clear idea of the energy with which he worked. This
illustrates what seems to be a general feature of how scientific concepts
develop, namely that they are in a state of flux while the discovery is being
made.

According to Richard Feynman (1975) the law of the conservation of
energy states that there is a certain quantity, which we call energy, that does not
change in the manifold changes which nature undergoes. That is a most
abstract idea, because it is a mathematical principle; it says that there is a
certain quantity which does not change when something happens. It is not a
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description of a mechanism, or anything concrete; it is just a strange fact that we
can calculate some number and when we finish watching nature go through her
tricks and calculate the number again, it is the same. Feynman also say it is very
difficult to define and describe the idea of energy.

However, “energy is one comerstone of the sciences. Energy may be the
most powerful theme connecting and unifying the sciences™ Martin (1992).
Holman (1986) has suggested that teachers should develop five conceptual
areas with regard to energy: the meaning of energy, energy transformation, the
storage of energy in chemicals, the degradation of energy, and the conservation
of energy during transformation.

Energy is a concept which many sources, including dictionaries, high
school textbooks, and encyclopedias have defined. These are not scientific
definitions. The American Heritage Dictionary (1992) defines energy as 1. The
capacity for work or vigorous activity; vigor; power. 2.a) Exertions of vigor or
power: a project requiring a great deal of time and energy. b) Vitality and
intensity of expression: a speech delivered with energy and emotion.
3.a)Usable heat or power: b) A source of usable power, such as petroleum or
coal. 4. The capacity of a physical system to do work. Holt, Rinehart, &
Winston's, Biology. Principles & Explorations (1996), defines energy as
capacity for doing work, often described as the ability to make things move or
change. A scientific definition from a physics text may state that energy is the
capacity to do work, work ultimately defined in terms of a force times a
displacement. Perhaps these definitions of energy contribute to students'



misconceptions.

It appears bioenergetics is more difficult for students to comprehend than
energy usage in mechanical systems. The conversion of one form of energy into
another is relatively straightforward in mechanical systems. A barrel of water on
a mountain top has a certain amount of potential energy (energy of position),
which is proportional to the height of the mountain (and, of course, to the
quantity of water in the barrel). If the water is poured over the edge of a cliff, the
potential energy drops as the water falls, but the kinetic energy (energy of
motion) increases proportionately. When the water strikes the fioor of the
canyon, an amount of heat energy is released equal to the kinetic energy of the
water just before it reached the canyon floor, and this amount, in turn is equal to
the potential energy the water had on the mountain top (we neglect the effect of
air friction and otherwise assume ideal conditions). If the water is allowed to
strike a paddie wheel, on the other hand, a part of the energy may be obtained
as work, although the rest is still converted into heat. Energy therefore, may be
converted from one form to another but in these transformations, the total
amount of energy remains constant. This idea of energy transference is more
difficult to convey in living systems.

Incredibly, all the processes of life and, indeed, all the energy and matter
in the universe obey two simple /aws of thermodynamics . The first law
of thermodynamics states that energy may neither be created nor destroyed, but
it can be transformed. Although energy is transferred from one object to another
and to some extent is even converted from one form to another, no energy is
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created or destroyed by transfer or conversion. This law does not apply to
nuclear changes, where energy can be produced from small amounts of matter.
The second law says that energy inevitably disperses, dissipates, and scatters
on its way to becoming heat. In other words, within an isolated system, energy
does run down in its ability to do work on its way toward being heat. Heat can
be used to do work, but the energy transfer is always accompanied by a loss of
order or organization.

Life represents a creation and maintenance of ordered (low entropy)
structures. Entropy, often referred to as randomness, is the energy within a
given system, that is no longer available to do work. Thus, within any isolated
system, as energy exchanges occur, entropy increases. To form and preserve
the highly ordered arrangement of molecules and the organized network of
chemical changes in living organisms, they must continually get and use high-
quality matter resources and energy resources from their surroundings. When
these resources are used, they become disordered, low quality (high entropy)
heat and thus, waste matter to the environment. All forms of life are tiny pockets
of order (low entropy) maintained by creating a sea of disorder (high entropy) in
their environment.

Of particular interest in this unit, is the energy that can be obtained from
chemical compounds. In this respect, chemical energy is the energy a molecule
has by virtue of the kinds of atoms it contains and the manner in which they are
linked together; chemical energy may be considered as a type of potential
energy. Explosions and flames are dramatic examples of reactions in which
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chemical energy is released. The heat and light that are characteristic of these
reactions comes from the breakdown or rearrangement of the chemicals
involved; that is, the energy released was present originally in the starting
molecules as chemical energy. For example, in a battery, chemical energy is
converted to an electric current. In turn, the energy can be used to run a motor
which performs mechanical work.

To make matters more complicated, sources of energy flow through the
biomass of plants, animals, and microorganisms in complex food chains on
their way to becoming heat. Chloroplasts in plant cells manufacture sugar using
the energy of sunlight, in the process called photosynthesis. Mitochondria, in
both plant and animal cells, break down or utilize the chemical energy in sugar
to make ATP (Adenosine Triphosphate), in the process called respiration. This
seemingly simple design represents the flow of energy through life.
Chiloroplasts inside plant cells trap the energy from light and transfer it to the
bonds of sugar molecules. Glucose, the storable and transportable fuel of the
living world, is also living organisms' basic building material. Mitochondria use
oxygen to burn (i.e., break down sugar, making ATP, a potential source of
energy in the process). ATP provides energy by creating molecules that make
life's work possible.

Energy involved in the synthesis of substances by a living organism is
transferred when another organism eats and then oxidizes those substances.
Not all energy from the oxidation is transferred to the living organism. A lot of the
energy is transferred to the environment. This energy is said to be "lost" from the
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ecosystem since it cannot be transferred to building up new material or to other
processes in living things. Thus, energy flows through the ecosystem; it is not
cycled.

The relationship between life and energy is complex. If | could succeed in
linking energy between mechanical and living systems, | could proceed with
teaching the "big idea" or universal idea of energy. "Failure to convey the crucial
role energy plays in all levels of life may interfere with the acquisition of
biological understanding of energy and its importance in living systems."
(MEGOSE, 1990) To be scientifically literate, students need to have a deep and
connected understanding of the "big ideas" of science. This instructional unit
attempts to integrate biological, chemical, and physical principles using energy
as a platform. It is the first attempt | have made to help students better
understand the interaction and inter-dependance of organisms and events in
the worid.

Teachers are encouraged by AAAS Project 2061, Science For All
Americans (1990), to focus on the big ideas of science and not layers of
technical detall. It is these details which often mask important ideas and turn
kids off to science. Concepts learned in depth and with understanding can be
applied to new situations or problems. Less is more, in teaching, means that
exposure to fewer topics leads to deeper understanding. Traditionally, | have
concentrated on the details of biology and | have expected my students to
memorize facts and information. | would give out the information in lectures, we
would read the chapter, do an activity, complete a study guide or reading guide,
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then take a test over the information. | rationalized this was perfectly all right
because, after all, this is how | had learned.

When | began my research at MSU, | was developing labs and activities
which involved the microbiology of food. After some careful reflection and
consideration, | feit a detalled unit on food microbiology would be great for
advanced science students. Unfortunately, this advanced study would not serve
the needs of the majority of my students who were in my general biology
classes. Therefore, during the development of the unit | found my focus
changing to the big idea of energy usage in biological systems.

During the teaching of this new unit, | did not teach the details of
respiration or photosynthesis. Students were not asked to memorize the Krebs
cycle or the light and dark reactions of photosynthesis. Rather, | focussed in on
the big idea of energy usage in living things and the relationships with physics

-and chemistry. The chemical equations for respiration and photosynthesis
served only to show the relationship between the energy-producing and
energy-using life processes. The Laws of Thermodynamics incorporated the
physical aspect of energy dynamics. According to Martin (1992), themes link
together the "big ideas" so that we can see connections among ideas in
science. When we understand ideas in science we can describe their
relationship to other ideas. It is possible to find relationships among batteries,
photosynthesis, and respiration.

The decision to change and expand the 'energy’ unit previously taught
as photosynthesis, respiration, and energy flow through an ecosystem, came
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after | realized how superfiuous details were when students did not see any
connections between the concepts. Energy is a powerful integrating theme
among widely different areas of science. For example, batteries can be
"charged" with energy which is available for lighting a bulb or tuming a motor.
So to0, in plants, the charging process involves conversion of energy in some
form into potential energy. So plants and batteries are similar in that they both
store energy.

Focussing on the"big idea” of energy allowed me to teach concepts in
depth and with understanding which could be applied to new situations or
problems. Dealing with fewer details lead to deeper understanding as
evidenced by the data gathered from the assessment strategies.

Children become familiar with the neighborhood of science in the same
ways that children become familiar with their own neighborhoods-by asking
questions. | presented many ideas which encouraged students to ask questions
and to invent answers to the questions they made up. In Kathleen Roth's paper
(1991) she quotes Dr. Rutherford as saying, "students need to learn that...what
you leamn is worth learning, it can be fun, it can be helpful, it will enrich your life,
and you ought to be doing it most of your life". She also suggests students need
many opportunities to "do" science, to manipulate objects, to ask questions, and
to make up stories to explain their own observations. Ms. Roth states, “to teach
children how to use a compass to explore the neighborhood of science in
meaningful ways, teachers must help students learn how to change their stories

about their experiences so that they see science as a process of sense-making
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and a process of creating increasingly satisfying explanations of the natural
world." | tried to accomplish these things with the activities and laboratories
included in this unit.

Since | did not find the perfect set of activities to challenge students to
rethink their naive ideas about energy, | captured the students interest with a
variety of materials. Writing assignments were used as a tool to get students to
share, try out, examine, contrast and revise ideas about energy. in the past, |
used writing assignments to hold students accountabile for compietion of work
and to enable me to grade them "objectively”. During this unit, | used student
writing to reveal student thinking and to guide my planning and teaching. | also
used clinical interviews for the first time in this unit to illicit information regarding
energy usage in biological systems from three students with varying ability.

In sequence, the energy unit followed the study of basic biochemistry,
the study of cell structure, function, and reproduction, the study of Mendelian
and human genetics and heredity. It preceded the study of evolution, the study
of population dynamics, the study of ecosystems, and the study of diversity in
living things.

Literature Review of the Pedagogic Problem of Teaching Energy
Across the field of research studies on pupil's ideas about energy,
several recurring conceptualizations of energy have emerged. According to
Driver, et. al., 1994, energy is seen as,
-associated only with animate objects;
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-a casual agent stored in certain objects;

-linked with force and movement;

-fuel;

-a fluid, an ingredient or a product.

Furthermore, Hapkiewicz (1992) defined several misconceptions students have
about energy. These include; 1) that energy is truly lost in many energy
transformations, 2) there is no relationship between matter and energy, 3) if
energy is conserved, why are we running out of it?, 4) energy can be changed
completely from one form to another(no energy losses), 5) things “use up “
energy, 6) energy is confined to some particular origin, such as what we get
from food or what the electric company sells, 7) an object at rest has no energy,
8) the only type of potential energy is gravitational, 9) energy is a “thing™. (This is
a fuzzy notion probably because of the way we talk about newton-meters or
joules. It is difficult to imagine an “amount of an abstraction) and, 10) the terms
*energy” and “force” are interchangeable.

Solomon (1983) asked children to write 3 or 4 sentences showing how
they would use the word ‘energy’. Human activities, health, food, and fuels all
figured prominently in pupils’ responses. Solomon discovered four themes
among the responses. Two of these were:

1. vitalism, in which energy is thought to be needed for life. ("When we
run out of energy we need medicine and vitamins’ and “Exercise is good for
you, it bulids up your energy)

2. activity, in which we are thought to need energy to move ‘When we run
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out of energy we need food and rest’. ‘Exercises use-up energy, then you
become tired.’

By the age of 11 most children have a fairly correct view of anatomy and
the overall function of systems. Gellert (1962) found older students view some
food as being turned into energy and children under 9 think that the food
vanishes completely in the process. “"Goodness" is extracted somehow. School
pupils aged 13-14, do not grasp or are unaware of, the meaning of the word
“food" as a material that serves as a substance for respiration. Simpson (1983)
found a common misconception that digestion is the process which releases
usable energy from food. It appears this misconception arises from students
linking two acceptable ideas ( 'energy is obtained from food' and 'digestion is
the breakdown of food').

Gayford (1986) reports that 17- and 18-year old biology students
considered that energy flows (or is transported) from place to place in biological
systems and that it can be stored like a material. They thought in terms of
energy ‘formed’ or ‘used’ in biological processes rather than in terms of energy
conversions. Of Gayford’s sample, 79% did not understand that biological
processes such as respiration involve energy conversions. They thought that
respiration forms energy which is used in synthesis reactions. Children tend to
believe that energy is used up by living things in general and that plants use up
energy in growing. This includes the notion that plants make direct use of solar
energy for vital processes and that plants convert energy from the sun directly
into matter. Scientists' ideas contrast with this conception because plants use
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energy from the sun to convert carbon dioxide and water into sugars. Students
appear to think that energy is created or destroyed in different life processes
(Gayford, 1986, Mintzes, 1984, Smith & Anderson,1984).

Roth and Anderson (1985) found many children expressing the idea that
plants make food for the benefit of animals and people rather than for the plants
themselves. Children did not appear to recognize that photosynthesis is the
process by which energy from the environment becomes available to plants and
then to animals.

Children appear to consider chiorophyil as a food substance, a
protection, a storage product, a vital substance like blood, or something that
makes plants strong (Barker,1985). The role of chlorophyll in absorbing light
energy was seldom appreciated by students, even after teaching. Only 29% of
12- to 13- year olds and 46% of 14- to 16- year olds in Simpson and Amold's
study understood chlorophyll as a converter of light energy to chemical energy
(1982). Most of the students in Simpson's study (1983) did not understand
energy transfers in living things; they believed that plants get the energy for all
their processes directly from the sun and light was considered to be made of
molecules.

Barker (1985) found most children use the words ‘heat’ and ‘light’
interchangeably in the context of photosynthesis. Nearly 80% of a sample of 13
year-olds thought that plants use heat from the sun as an energy source for
photosynthesis. Most considered that the sun is one among many sources of
energy for plants, others being soil, minerals, air and water.
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Having leamed that plants take in carbon dioxide, water, and minerals,
pupils tend to regard these as the food of plants and when food is associated
with energy, these inorganic substances are assumed to contain and supply
energy.

Brumby (1982) found the integration of ideas about feeding and energy
into an ecological perspective is not evident in the thinking of many students.
Only half of a sample of undergraduate biology students, explained the
phrases, ‘life depends on green plants’ and ‘the web of life’, in terms of food
chains. A minority of these mentioned harnessing solar energy or
photosynthesis as the reason why green plants are crucial in the food chain.
Few students appear to relate their ideas about feeding and energy to a
framework of ideas about interactions of organisms.

Several studies have found that most students interpret food web
problems in a limited way, focusing on isolated food chains (Webb & Boiltt,
1990, Griffiths & Grant, 1985). Little evidence exists that students reason about

interdependence or energy flow in an ecosystem.

Review of the Literature That Supports the Instructional Approach
to Teaching Energy

AAAS Project 2061 (1991) calls for scientific literacy for all Americans
emphasizing the notion that all have a capacity for scientific ways of thinking
and using scientific knowiedge and ways of thinking for individual and social
purposes. The Michigan Essential Goals and Objectives, K-12 (1991)
emphasizes that students should 1) use scientific knowiedae to describe.
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explain, predict, and design real-world systems or phenomena, 2) construct
new scientific knowledge, through asking appropriate questions, developing
solutions to problems, interpreting sources of information, reconstructing
previously leamed knowledge, 3) refiect on scientific knowledge, including
justifying and testing beliefs with evidence and logic, criticizing arguments,
describing limits to knowledge, making connections among ideas, taking a
historical and cultural perspective on the development of knowiedge, and
describing interactions among science, technology and society.

In many cases there are significant differences between children’s
notions and "school" science. They use these naive theories to explain real
worid events before they have had any science instruction. The students’ naive
theories affect what they perceive to be happening in classroom demonstrations
or laboratory experiments, and they continue to attach their naive meanings to
technical terms. Children’s ideas about science are shaped by personal
experience with phenomena. Driver, et. al. (1994) state, “investigations have
indicated that such ideas are to be seen as more than simply pieces of
misinformation; children have ways of constructing events and phenomena
which differ substantially from the scientific view." Studies also indicate that
these notions may persist into adulthood despite formal teaching.

Once the teacher has identified the nature of any differences between
pupil’s thinking and the science viewpoint, then it becomes easier to plan
activities which will support intended leaming. The skillful teacher picks the
teaching method to suit the teaching-leamning situation. When one plans
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carefully, one is forced to become master of the material and the methods of
teaching it.

Teaching is helping pupils to leam. In the final analyses the test of one's
success as a teacher is how well the pupils have leared. Unfortunately, or
perhaps fortunately, there is no one best method of teaching that will always
generate a high degree of pupil learning. Rather, there are any number of
strategies, tactics and techniques that may or may not be effective in a particular
situation. The most effective teachers are those who can vary their styles, or
whose styles are so fiexible that they encompass a great number of strategies
and tactics, and are therefore readily adaptable to the different sorts of teaching-
learning situations that may develop.

There is not any one lesson plan form or unit plan form that will ensure
that you will reach your class. The form of the plan is insignificant; it is the
substance of the lesson, unit, or course plans by which you will succeed or fall
in reaching your objectives. Planning is absolutely essential for effective
teaching in that it points the instruction and subject matter in the course, unit, or
lesson toward the learning.

In recent years, as in earlier ones of the century, many theorists and
practitioners have attempted to make what goes on in the classroom more
consonant with the reality of the world outside the classroom. They urge
educators to give greater recognition to the various skills needed to function in
society as human being, worker, citizen, consumer, parent; to develop a more
sophisticated awareness of the uses of knowledge; and to become concemed
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not only with knowing about but also in knowing how. Planning is essential to
accomplish this goal.

The notion that pupil leamning is more meaningful, more thorough, and
therefore more usable when pupils seek out and discover knowledge, has been
held by educational theorists for centuries. If teaching will give pupils
opportunities to draw conclusions from data that are provided or that they seek
out for themselves, the puplls will benefit. Whether an individual's ideas are
affirmed and shared by others in classroom exchanges has a part to play in
shaping the knowiedge construction process also.

In the early 1980's findings in cognitive science suggested new
approaches to teaching in science and mathematics. The fundamental view of
the leamner that emerged was as follows: First, leamers construct
understanding. They do not simply mirror what they are told or what they read.
Student naive theories are inevitable because leamners construct meaning even
in the absence of complete information. Second, to understand something is to
know relationships and third, all learning depends on prior knowledge (Resnick,
1983). To learn something new you have to start with the cognitive structures
and strategies that you aiready have (Michaels & O'Connor, 1990).

Constructivist research emphasizes that students construct knowiedge in
the sense that they interpret new experiences in the context of prior knowledge,
experiences, episodes, and images. The constructivist model requires that
teachers facilitate the learmning process by 1) providing age appropriate

materials, tools, and resources, 2) initiating interest (often with a discrepant
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event), 3) asking directed questions, 4) providing and encouraging a
collaborative atmosphere, 5) encouraging student inquiry and exploration, 6)
suggesting familiar and meaningful contexts for concepts, 7) providing time for
refiecting, 8) encouraging verbal and written communication of ideas, and
9) assessing by student understanding (Yager, 1991).

Efforts to translate constructivist research into classroom practice is
evident in the use of instructional models. New Directions Teaching Materials
(1992 ) were created to help teachers develop scientific literacy and conceptual
understanding for all students. One of the important goals of these materials is
to connect students' developing scientific ideas with the ideas they already use
to make sense of the world. | incorporated information from the New Direction’s
"Food, Energy and Growth" unit into my new energy unit.

Novak and Gowin (1984) state that we as teachers need to help students
"learn how to leam". They introduced concept maps to convey understanding of
a learning task and to relate what is known to the new thing being leamed.
Concept maps are structured hierarchically and the relationships between
concepts are indicated by "linking" words. Two or more concepts linked together
form a proposition. These propositions represent meaningful relationships
between concepts. Concept maps often point out relationships between
concepts or between concepts and specific examples that we assume students
are making on their own, but that may require more direct teaching. This
assessment of understanding provides teachers and students with an additional
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tool for nurturing understanding.

My pedagogic techniques, used prior to this unit, required students to
learn a large amount of information, interpret that information, and use that
information to solve scientific problems, all in a short period of time. | moved the
students from one topic to the next with no explanation of the connections
between those topics. Learning, especially when it involves abstract concepts
such as energy, is a complex process. For most students it takes time to really
learn something. Students required to leamn too much material in too little time
will not retain that knowledge to use it in their subsequent work in science. It
requires activity, discussion, and establishing relationships among various
components for students to leamn scientific concepts.

In the words of Anderson and Roth (1989), "understanding consists of the
ability to use scientific knowledge to describe, explain, predict, and control the
world around us®. Students should develop knowledge that is conceptually
coherent and integrated with their personal knowledge of the world, as well as
being scientifically accurate (Anderson and Roth, ibid). Students need time to
develop the skills to learn how to leam; to use their knowledge to control their
world.

A human being's experience always includes and is strongly influenced
by our social interaction with other humans. We can only know what we have
constructed ourselves, but such leaming always takes place in a social context.
Furthermore, soclal transactions play a critical role in the shaping of cognition.
According to Richmond and Striley (1995), "language is a mediator of the
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cultural world and it becomes the essential partner of thought." Therefore, the
unit incorporated group work and cooperative leaming.

We use language to cope with our environment, to help us make sense
of our world, and to communicate how we can use the meaning formulated.
According to Anderson (1995), two problems that separate the successful from
the unsuccessful student is a problem of language, the second is a problem of
motivation or engagement.

Paul Gee (1991) defines a "discourse” as: "a socially acceptable
association among ways of using language, of thinking, and of acting that can
be used to identify oneself as a member of a socially meaningful group or social
network.” He contends we should think of a discourse as an "identity kit". This kit
comes complete with the appropriate costume and instructions on how to act
and talk so as to take on a role others will recognize. People come by a
discourse through "acquisition” and/or "learning”. All humans receive one
discourse free through acquisition. This is our socio-culturally determined way
of using our native language in communication with family and friends who
share similar experiences. Gee refers to this as the “oral mode". For exampie,
lower socio-economic black children use English to make sense of their
experience differently than do middie-class children. They have different
primary discourses using language, behavior, values and beliefs to give
different shape to their experiences.

Gee proposes that literacy can be understood as the control of
discourses that go beyond whatever discourse we first acquired within our
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family. Reading and writing may be a part of the picture, but only a part.
Becoming literate in any particular domain involves learing a specific
discourse-particular ways of thinking, acting and valuing. Socialization of an
individual into knowledge leaming of the language, and activities of the
neighborhood of science, becoming a *member of the club®, is very important for
educators to accomplish. It is important to create a social context-a leaming
community of scientific inquiry-that will enable the "eliciting", "challenging”, and
"contrasting” of ideas; to support students in developing a connected, useful,
and reflective understanding of science. Students home-based ways of thinking
and using language should be extended and transformed by the teacher
(Michaels & O' Connor, 1990).

Students rely on implicit schemas or frames: these guide interpretation,
explanation, and problem solving, and ultimately enable them to comprehend
or construct new knowledge in interaction with print. Reading and writing tasks
require complex interpretive work and the development of new mental
structures to integrate information, rather than rote memorization or routine
manipulation of facts. My students were taught to memorize the facts and
regurgitate that information on quizzes and tests, prior to this unit. | paid no
attention to the differences in thinking or to the differences in discourses.

Teachers bring their prior conceptions to leaming situations not only in
terms of their subject knowledge but also their views of teaching and leaming.
These can influence their way of interacting in classrooms. Teachers must

spend time developing and practicing new and somewhat unfamiliar



21
pedagogical techniques. Teachers need to help students see the relevance of
scientific theory in their lives. Science must be seen as a way of life. We must
find what intellectual tools our scientific communities have produced that are
useful to all people whether they are scientists or not ( Anderson, 1995). The
key challenge for schools is to introduce and culture students into school-based
discourses, without denigrating their culturally specific values and ways of using
language. The implications for educators is to focus on issues of cultural and
social class differences in reasoning. We must help students use their different
discourse assumptions and styles to become scientifically literate.

It is my intention in this unit to take the time necessary to help students to
use what they know together with the discourse they used to learmn that
information to correct misconceptions. Writing assignments and discussions are
going to be utilized to expose students to school based scientific knowledge.
Students will be taught to use scientific knowledge and ways of thinking for

individual and social purposes.
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CHAPTER 2

IMPLEMENTATION OF THE UNIT

Demographics of the Classrooms

This unit was implemented at an urban high school with a student
population of approximately 1500 economically and ethnically diverse students.
American Indians make up two percent (2%) of the population, Asians, six
percent (6%), African Americans, twenty percent (20%), Hispanics, eighteen
percent (18%), and Caucasians, fifty-four percent (54%). Sixty-eight percent
(68%) of the students attend class at least eighty-five percent (85%) of the time.
Waell over half of the student population are eligible for the free or reduced lunch
program.

The unit was introduced into three introductory biology classes with a
total of 68 students. The classes predominantly were mixed freshmen and
sophomores. None of the students had studied biology previously, although
most had been exposed to the life and physical sciences in middie school. The
population of these classes refiected the ethnic make-up of the school. The
classes met for five, fifty-five minute periods per week for four 9-week marking
periods.

Academically, the students gradepoints varied from below a 1.0 to a 4.0
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on a 4.0 scale. Approximately, 10 %of the students carried 3.5-4.0, 15% carried
3.0-3.4, 30% carried 2.9-2.0, 30% carried 1.9-1.0, 15% carried under 1.0, prior
to taking this class.

Pre-Unit Assessment

A behavioristic model dominated my pedagogy, as most American
pedagogy has been dominated in the past. In the behavioristic approach to
teaching and leaming, the teacher's task consists of providing a set of stimuli
and reinforcements that are likely to get students to emit an appropriate
response. This instructor believes that the behavioristic approach is not
successful in teaching understanding, synthesis and application, and the ability
to use information in new situations. | believe learning is the product of self-
organization and reorganization.

Traditionally, my biology curriculum included units on the scientific
method, basic biochemistry, cells, genetics and heredity, evolution, plants,
animals, microorganisms, human anatomy and physiology, and ecology. Each
of these units included from 4 to 10 chapters in the textbook. Each unit took two
weeks or less to complete. Very few laboratories were conducted. Each unit
may have included one laboratory while in some units only dry labs were
conducted. Furthermore, a whole lot of information was pressed into each unit.
There was no connections in these units either. U<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>