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ABSTRACT

CROSS-CULTURAL .._AC ™ 1G AND LEARNING:

+ACHING ENVIRONM...... AL EDUCATION IN COSTA RICA

June 1997

Craig L. Jackson, B.S., University of Massachusetts Boston
M.A., University of Massachusetts Boston

Directed by Professor Delores Gallo

Teachers often face large cultural gaps between them and their students. They also
often find (especially in science education) that students have not learned what supposedly
has been taught them.

To counter this lack of learning, some educators argue students must construct their
own learning if that learning is to be meaningful. Furthermore, students must address their
own prior alternative conceptions. If they do not, these alternative conceptions may be
retained, even in the face of instruction to the contrary.

Freire and others have addressed the gap between teachers and students. They have
emphasized the need for educators to make learning mea ~ :ful by validating students'’
prior understanding, relating their teaching to the students' experiences, and empowering
their students.

The teacher is left questioning how can she achieve these goals: (1) What should
her role be? (2) What dispositions should she adopt? and (3) What critical and creative
thir* * ; abilities should she employ?

Citing Richard Paul, Teresa Amabile, Paolo Freire, and Strike and Posner, among
others, this thesis addresses these questions by examining literature on critical and creative
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thinking, liberatory education, and conceptual change, and relating these to my experiences
as a Peace Corps volunteer in Costa Rica. It presents my preparation and develor —-nt of a
program of studies in environmental education as a case study for cross-cultural teaching
and learning. 1 explain how I addressed my three goals: to (1) teach environmental
principles to my students (2) share teaching strategies and techniques with other teachers
and (3) empower my students to realize they can and ¢*  1ld make their own decisions with
respect to their environment, but should also approach issues from a multilogical
perspective.

I show how the teacher can help her students construct their own learning by
relating lessons to the students' experiences and building upon them. I indicate ways in
which prior alternative conceptions can be confronted and multilogical perspectives
encouraged. Finally, I emphasize the teacher should examine and understand both her
students' background(s) and her own, and may, at various times, have to play five

different roles: (1) facilitator (2) guide (3) model (4) learner and (5) sharer.



This thesis is dedicated to my mother, Jeanne M. McHugh
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The background of my thesis is my role as a Peace Corps volunteer in Costa Rica.
Thus, I am indebted as well to many in that country. I would like to acknowles -~ the
support given to me by the United States Peace Corps in Costa Rica, and especially that of
Gilberto Ugalde, my supervisor, who gave me both the freedom and encouragement to
develop and write my program of studies. I am also indebted to the many teachers and
principals of the schools in which I taught, who welcomed me into their classrooms and in
many instances worked together with me. But most of all I am indebted to my students
there, who enthusiastically participated in most of my lessons and activities as they
cc ructed their own lea "1g, and when they did not (or stared at me blank-eyed), made

clear to me those lessons that needed to be changed.
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PI""~ACE

As anybody who writes in English, I was faced with several problems which are
rooted in the language. The first one stems from the traditional Ei  ish usage of male
pronouns when referring to human beings in general. This has been justified by saying
that the male "generic" pronoun is being used inclusively in these instances. A number of
studies have shown, however, that this is not the psychological interpretation made by
most readers (both male and female) when reading, and that, in fact, the use of male
"generic" pronouns has diminished the status of women in our society. A number of
solutions have been followed by various authors -- including both male and female
pronouns at the same time (e.g., s/he,his/her, or her and/or him); alternating the use of
male and female pronouns; using plural generic pronouns instead (they, their); or using the
female "generic” pronoun (she, her) instead of the male ones (he, his, him). Although
there are afewt” s when I have used plural pronouns to avoid confusion, for the most
part (excluding, of course, direct quotations) I have chosen the latter solution (i.e., to use
the female "generic"). 1have not done this because I feel the female generic is any more
inclusive; rather it is consciously felt by most to be more exclusive than the male pronoun,
since we have been acculturated to ignore the subtle sexism of the male generic pronoun.
On the other hand, coming across a female generic pronoun causes the reader to "sit up" as
she is reading, and thus, she is constantly confr | with the sexist nature of our language
and how she has been conditioned to accept it. While using the female generic pronoun
may slow down the reader, I feel it is both justified and important to do so if we hope to
eliminate the sexist assumptions of our language.

In a similar way, our language does not easily allow citizens or residents of the
United States to be properly named. Instead, we have allotted to ourselves alone the name
"Americans," which is not only inaccurate but also offensive to many people who are also
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English translation to help the reader better understand those lessons. Similarly, I have
reproduced the original drawings I made for my program, but have not translated the
captions within them.

Finally, within the text of my thesis I have cited and quoted fromanm "er of
works written in Spanish. The reader should understand that these translations are my
own, and while I believe they are accurate and reflect their authors' intent, they may in fact
not be totally faithful to the original. I hope this is not so, but want to apologize in advance
if I have misstated anyone's positions through inaccurate translation. Nevertheless, the
translations I present clearly represent my understanding of the authors' intent, and reflect

how they have influenced my thinking.
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I'had worked. These were to serve as a model, for them and others, of ways to teach
environmental education.

This thesis is an analysis of that experience and of the development of my program
of studies. It explains the ideas and problems which were addressed, how I prepared
myself to teach in that country, how and what I taught, some indication of the successes
and failures I experienced, and how I incorporated all of these experiences in developing
my program of studies in environmental education -- discarding some lessons, modifying
and rewriting others, and writing new ones as well.

Althot 1 my thesis deals specifically with my role as a Peace Corps volunteer in
Costa Rica, I fee] the philosophy I followed, the methods I employed, my successes and
my failures can be instructive to any teacher who finds a cultural gulf between her and her
students. Additionally, as my program was centered on science education, I hope it will
help other teachers to reflect on ways of providing their students with the framework and
guidance they need to construct their own scientific understanding, and to realize the
importance of basing students' learning primarily upon their own experiences. I also hope
it will provide them with ideas on how to integrate multilogical reasoning into science
education and ways to implement portfolio assessments as a means of evaluation. Finally,
in my evaluation of the program I developed, I try to analyze both successful and
unsuccessful ways [ helped children confront their ecological alternative conceptions and

reconstruct their scientific understanding of the environment.

—

My™" ¢ 7 TupstTt
In June 1993, I began training to be a Peace Corps volunteer in enviror  1tal
education in Costa Rica. After three months of training in Spanish, environmental

education, and cultural adaptation, I was sworn in and assigned to the region around

Santi¢ » de Puriscal.















CHAPTER 2
COSTA RICA/PURISCAL -- REL...iT HISTORICAL BACKGROUND

In this thesis I examine my role as a Peace Corps volunteer and the program of
studies that I developed during my 21/, years in Costa Rica. However, since any good
analysis requires a clear understanding of background issues, in this chapter I briefly
describe recent political, social, and economic events that have occurred in Costa Rica.
Also, as a foreigner, to be an effective teacher I needed to understand the economic and
social situation of the country. [ summarize how these factors, particularly economic ones,
serve as background for the environmental problems that Costa Rica faces and the solutions
that have been proposed. I also describe its educational system, since it was within that
system that [ worked. T~ lly, [ note the particular characteristics of Puriscal in these

arcas.

[%2]

Costa Rica has a democratic form of government and, since 1948, has had no national
army. Because it does not have a large military budget, Costa Rica has been able to devote
a higher percentage of its budget to social programs and its educational system than other
countries in the region. It has also had a more stable government than most other Latin
American nations since 1948, with peaceful elections every four years. This stability and

an educated work force has encouraged fore’ -1 inves— -nt, and Costa Rica today has a
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relatively large number of small-scale industrial manufacturing facilities primarily in
cléthing and food processing. In recent years, the population growth in the Central Valley
(already the region of the largest cities and the greatest population in the

country) has dramatically increased, as people move into more urban areas where these
industrial jobs are located.

Nevertheless, Costa Rica is still a predominantly agricultural country. Located
about ten degrees north of the equator, with varied terrain, its major products and exports
are bananas from the tropical lowlands and coffee, its principal export, from the highlands.
Sugar and beef production are also important, although their importance is presently

declining.

Following World War II when the prices of commodities (such as coffee) rose,
Costa Rica and other Latin American countries began to invest their excess profits in small-
scale industries. This economic policy, called import substitution, was designed to
accomplish two ends. First, by beginning to produce their own manufactured goods, these
Latin American countries could steadily decrease their dependence on imports from
developed countries. Secondly, although the prices of commodities had been high at that
time during and immediately following the war, these countries knew how volatile these
prices are, and wanted to decrease their total economic reliance upon the sale of these
products. State-owned companies were set up in crucial industries, and multinational
corporations were invited to build subsidiaries as well. At the same time agro-industrial
enterprises, often foreign-owned, were established. (Green 1991)

In Costa Rica, the "Revolution of 1948," a civil war, led to a number of social
reforms, the nationalization of the banks, and the elimination of the army. As a result,
moneys were invested in poorer parts of the economy -- providing housing, education,
energy, health and nutrition prc ams. (Edelman and Oviedo 1993) To alleviate pressures

13



for land from peasants who had been displaced due to the expansion of the cattle and sugar
¢ o-industries, the Costa Rican government also implemented limited land reform
programs.

Industrialization was furthered by membership in the Central American Common
Market. High tariffs were lowered within the region, competition was encouraged, and it
became beneficial for transnational companies to set up subsidiaries in Costa Rica. The
Costa Rican government also financed industria™ tion projects by borrowing money from
international banks.

One of the problems with import substitution, not only for Costa Rica but also for
the rest of Latin American, was that it was based on the use of capital-in sive Western
technology. Thus, to build factories to provide goods for the domestic mar.  required the
importation of heavy machinery. The costs of these imports sometimes outweighed the
advantages of import substitution. Additionally, Costa Rica had to finance these imports
with its agricultural exports, principally coffee and bananas. When foreign exchange
earnings were insufficient, the need to purchase this machinery compelled small countries
like Costa Rica to go into debt.

When oil prices began to rise rapidly in the early 1970s, the Costa Rican
government took out additional loans to continue to spur the growth of its manufacturing
and agro-industrial enterprises. These loans were cheap (3% interest), and not only Costa
Rica but many other Latin American nations received these below-inflation interest ra
from international banks deluged by petrodollars.

However, since most of these loans had been variable-rate and not fixed-rate loans,
a sudden rise in United States interest rates (announced by the Reagan administration),
combined with the recession which had been caused by another large increase in oil prices
in 1979, provoked the major debt crisis of the early 1980s. The cost of borrowing rose

from 3%/year to 10%/year. Instead of paying loans priced below the rate of inflation and
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lower than their economic growth, Costa Rica and other Latin American countries found
themselves facing interest costs far above both. It quickly became clear they could not keep
up with their payments, and their debts began to spiral rapidly upward.

Although increases in coffee prices in 1976 and 1977 had helped Costa Rica to
offset earlier oil price hikes, coffee prices dropped sharply in 1978, which left Costa Rica
especially vulnerable to the oil price increases in 1979 and 1980. (Blachman and Hellman
1986) Thus, in 1980 Costa Rica found itself faced with one of the highest ($2021) per
capita debts in the world. (Edelman and Oviedo 1993, 23) Costa Rica was offered two
loan options in 1980-1981 by the International Monetary Fund (IMF), but the restrictions
were so harsh that the government was compelled by public outcry to break off the
negotiations. Unable to pay its debt, Costa Rica declared a unilateral moratorium in July
1981 -- more than a year before Mexico's similar declaration resulted in world-wide
economic crisis.

However, the situation deteriorated rapidly. By 1982, Costa Rica's debt had nearly
doubled to $4 billion, and the colén had been devalued 500%. Inflation had soared to
almost 100% and unemployment had doubled. Costa Rica was again forced to negotiate
with the IMF and this time to accept even harsher austerity measures. (Edelman and Kenen
1989) The infusion of money brought down inflation, but although some aspects of the
austerity prog 1 were applied, Costa Rica was "let off easy." To understand why, we
have to look outside Costa Rica's borders, toward Nicaragua.

Although it is beyond the scope of my thesis to examine the war in Nicaragua,
suffice it to say that the United States' concern with the Sandinistan revolution helped to
temporarily relieve the economic crisis in Costa Rica. To prop up the Costa Rican
economy and preserve Costa Rica as a "showcase of capitalist third-world development” in
Latin An ica, the United States injected $4 billion into the Costa Rican economy to help it

meet its debt obligations. In addition, funds were set: le to privatize existing public
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deforestation. movement toward increased cattle production in the 1960s, to take
advant: : of world demand for beef from multinational corporations (such as
MacDonald's), further added to deforestation rates in regions that were formerly forested
hillsides.

The effect of this deforestation is not only felt in the decline of wood production.
Deforestation has also led to very high levels of erosion in what is, to a large degree, a very
hilly and often mountainous country. Being a tropical country, Costa Rica is subjected to
frequent and very intense rainfall, which rapidly washes away unprc ted topsoil. This
loss of topsoil has greatly increased the costs of ¢ " :ultural production.

In banana plantations, located in flat country, erosion is not as great a problem.
Rather the effects of monoculture over vast areas lead to not only the loss of nutrients in the
soil, and resultant high use of fertilizers and/or abandonment of denuded land, but also the
high use of pesticides. These effects not only increase the costs of production, but also
increase the health risks to both workers and consumers.

Deforestation, with its accompanying problems of increased erosion and increased
agricultural costs, and the increased health problems caused by heavy use of pesticides are
two of the major environmental problems faced by Costa Rica today. To these should be
added the problem of trash, which has exploded with increased development. To combat
these and other environmental problems, the government has been helped by a strong

environmental movement within the country.

— A TN

1 dn 7 Tica
In the mid 19th century, a number of traveler naturalists "discovered" Costa Rica,
which led to numerous field expeditions and the establishment of the Museo Nacional by
the end of the century. Later, during the first half of the 20th century, numerous major
scientific studies of tropical ecology were written by a brilliant Costa Rican, Clodomiro

Picado Twight. In 1942 the Instituto Interamericano de Ciencias Agricolas, the present-
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day Centro Agronémico Tropical de Investigacion y Ensefianza (CATIE), was established
by the Organization of American States, and in the late 1950s the Universidad de Costa
Rica began to emphasize basic science and research in its biology department. These are
only a few of the highlights of the history of the study of the natural sciences in Costa Rica.
However, they clearly show a historical awareness and appreciation of the importance of
the country's biolc “cal diversity. (Gémez and Savage 1983)

It was only, however, as the diverse biological riches of the country were seen as
threatened that a move was made to conserve them through land protection. In 1945 the
first national park was declared setting aside a forested area south of Cartago. Further
agitation by private individuals and scientists led to national park status for the immediate
surrounding area of every volcanic crater in 1955 and the establishment of the National
Park System in 1969. (Bermudez Acufia and Mena Araya 1993) As of August 1993,
almost 25% of Costa Rica's total land area was under some form of protected status,
owned by the government. (Michael Smith 1995) These protected areas preserve many of
the incredibly high number of species that exist in Costa Rica. Additionally, numerous
private organizations have also set aside land to be protected, comprising possibly another
10% of the total land area of Costa Rica.

Laws have also been passed which not only set aside land, but also regulate its use
in certain instances. Chief among these was a recently passed law which prohibited the
cutting of trees within so many feet of any fresh water -- be it spring, stream, river, or lake.
Other laws require gove it permission before any trees in an area can be cut. There are
also laws which prohibit the hunting of certain species, or the taking of their eggs. On the
whole, the laws of Costa Rica are a model for the preservation of the natural environment.

While the forestry laws above were directed principally toward preserving the
purity of water sources, Costa Rica also saw the need to slow down the tremendous

erosion which s place during the rainy season. This erosion not only reduces
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agricultural prodﬁction, but frequently results in landslides, which threaten the destruction
of houses and roads, and sometimes take people's lives. To stem this erosion, the Costa
Rican government has passed laws which give incentives to landowners who reforest their
lands, and programs have been established to provide them with young seedlings for
planting.

Realizing the importance of education in addition to laws to change attitudes and
behaviors with respect to the environment, the Ministry of Education (\""™) began a
program of environmental education in 1983. Peace Corps volunteers in envirc  1ental
education began by participating in the design of workshops for teachers in 1988, and in
1990 began working directly with teachers and students in the rural public schools of all

seven provinces of the country. (U 1ilde 1994)

— RS P — - -~

31 urism

Although the efforts of private individuals, scientists, and groups concerned with
the environment should not be discounted in assessing the establishment of a national park
systemn and model] environmental legislation, I believe there was an equally if not more
compelling reason -- an econc "> one. As Costa Rica's debt continued to increase (as
noted above), it found that its agricultural exports could not sustain its economy, much less
bring in sufficient foreign capital to pay off its debts. Not only were its traditional exports
subject to increased competition from other countries and to the vagaries of the world
market, so too were the non-traditional exports they had been encouraged to pursue. For
example, farmers who had switched to cocoa production (after World Bank urging) were
left with huge debts and no market for their cocoa after a sharp nose-dive in prices. (Barry
1991, 35) At the same time, with the production of basic foodstuffs curtailed in favor of
agricultural exports, Costa Rica found itself having to import greater and greater amounts

of grain, particularly rice, which necessitated additional foreign exchange.
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replaced by supposedly "efficient and non-p " ical" private ones. Not only should the
agencies be replaced, but government policies themselves should not be formulated by
political interests, but by "non-political” ones -- skilled technocrats.

Over the years, numerous cutbacks in government employment and spending have
been demanded in return for loans from the IMF, as well as the privatization of many
government agencies. Most recently, privatization inroads have been made into the national
banking system and electric power company, Instituto Costarricense de Electricidad (ICE).
These institutions have until recently been some of the most sacrosanct of government
agencies (being very popular legacies of the Civil War), but it appears they too may

eventually become totally privatized.

~

ng "~ 7 re. With each new loan, new changes have been demanded in
the country's agricultural policies. "In accord with the economics of comparative
advantage, . . . [members of the international banking community] have all insisted that
there be an increased effort to promote exports that are competitively priced in the world
market." (Barry 1991, 32) Farm credits and loans are extended to non-traditional
agricultural (and often agro-industrial) sectors, but not given to producers of basic foods.
This has led to an increase in the production of non-traditional crops -- vegetables of
various kinds and ornamental flowers, and the concomitant decrease in agricultural
production for domestic consumption, with greater and greater percentages of staple g1

such as rice and corn, being imported each year.

T ' " "y, Similarly, policies have been implemented to encourage the
development of electronics and textile production for export. Tax-free industrial zones and
export subsidies were established, and transnational companies set up many subsidiaries,

especially in the fields of food processing, beverages, and tobacco. In addition, special
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has increased, crime has risen -- particularly in the cities, but also in some of the less rural
towns. With government cutbacks, the network of social services (such as health care)
have become unavailable or more difficult to obtain for those less well-off. Also,
government employees either lose their jobs and/or benefits, as resources are shifted to the
private sector.

Recently, the educational system has become the arena of conflict as teachers try not
only to maintain their pensions, but seek to restore cutbacks in public education. At the
same time private education is being expanded. Thus, the educational system is now taking
on the same two-tier characteristic that the health care system has already assumed. This
struggle is but one example of the increasing polarization and class stratification which is
taking place in Costa Rica today, as resources are shifted away from the public sector.

Consumerism has taken hold as more and more appliances, household goods, and
miscellaneous items are sold and purchased. With this increase in purchases have come
corresponding increases in waste produced, and both water and air pollution. Today Costa
Rica faces a severe crisis as it seeks to rid itself of the increasing amount of waste produced
in the country, particularly in the Central Valley. Communities chosen as proposed sites
for sanitary landfills engage in pitched battles with the police, and even rural communities

find their landfills overflowing, and sometimes closed down for health reasons.

1%
]
!

As the conditions of the poor in developing countries have worsened even as the
economies of those countries have grown under neoliber ' mn, a different philosophy of
development has arisen -- desarollo sostenible (sustainable development). Growing
numbers of people have questioned the attitude that development should be pursued at all
costs, and even that economic development should be a country's main priority. They have
seen that this push toward development can not only deplete the natural resources of a

country, but also create worse conditions for many of its people.
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1. Sufficient improvement in the quality of life of human beings, justly distributed to all
levels of society, with special emphasis given to improving the situation of the poorest

2. Active participation of all sectors in decision-making processes that directly affect them
3. Preservation of ecolc " :al equilibrium, so that future generations can benefit as well.
This concept of desarollo sostenible was a current idea in Costa Rica during the time I spent
there, and indeed Costa Rica had been one of its prime proponents, especially in the United
Nations. In my teaching, my conversations, and in the program I developed, as an
environmental educator I felt it was important that I emphasize all three of the above points,
and not just the need for ecological equilibrium.

I'have described in depth the situation in Costa Rica, because as a Peace Corps
volunteer I was cognizant that my work could not be undertaken within a vacuum. As a
"foreign expert" it was incumbent upon me to understand the economic and social situation
around me. But since a country is to some degree a sum of its parts, I would now like to

briefly describe the region in which I worked -- Puriscal.

Although approximately !/, of its workforce works in the Central Valley or in other
non-agricultural occupations, Puriscal is a mostly agricultural region. Located in hilly
country, the main product is coffee, with cattle, sugar and tobacco of much less
importance, although the amount of land devoted to cattle production is by far the greatest.
This region was, for over fifty years, the "breadbasket” of the Central Valley. Today,
however, many of its soils are relatively poor in nutrients, and its importance as a food-
producing region has diminished greatly.

Erosion is a major problem, due primarily to the large amount of pastureland and
other agricultural pursuits in what were at one time forested hillsides. The region has a
tropical dry climate, which means that it has two distinct seasons -- a rainy one (often with

intense showers), from about April to the end of November, and a dry one (without any
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significant rain for days, and sometimes for weeks) during the rest of the year. The effects
of this climate on the denuded h™ can be severe, as soils are first baked and then rapidly
washed away. It is not unusual for several - of topsoil to be washed away in hours!

The situation in Puriscal, thor 1 similar to many semi-rural cities in Costa Rica,
has been compounded by one additional factor, which worsened its economy quite
severely. For approximately three months, from April to June 1990, the region was beset
by earthquakes (almost 12,000 tremors, several up to 5.0 on the Richter Scale). After
relative calm, in December of that year, a much larger earthquake struck -- possibly as high
as 7.0! [Although it was only measured at 5.9, { was told that the tape in the seismograph
was being changed when the earthquake began.] The quake was centered in Carit, about 4
kilometers north of Santiago, and located within the Picagres River Valley. Structural
damage to houses, schools, and churches was great, and it appears that minor slippages of
land were, and possibly still are, a result of seismic activit . in the area.

Due to the high level of deforestation, the impoverishment of the soil, and the
massive effects of the earthquakes of 1990, different government ministries, principally the
Ministerio de Recursos, Energia, y Minas (v vI) and the Ministerio de Educacion
Publica (MEP) began a joint project centered on the Picagres River watershed to rebuild,
reforest, and improve agricultural practices, and thereby help the economy of the region to
recover. Part of the project consisted of demonstration projects and the formation of
community groups to adopt "new and better practices” of land management. Another
important part of this program was environmental education in the elementary schools, to
give the future workers of the region the consciousness and knowledge to follow and/or
adopt sound énvir‘ :ntal practices. It was within and in conjunction with this program

that T began my work  a volunteer.
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when labor is needed to achieve economic survival. The end result is that many children do
not even finish escuela, much less colegio.

In Puriscal, children in escuela were provided lunch and/or snack depending on
whether their class was scheduled either for the morning or afternoon, although I did note
that in some instances -- where children were very poor -- they were able to come for
lunch, even if the rest of their class was scheduled at a different time. There also seemed to
be leeway in the necessity of school uniforms for those who appeared poorer (or
sometimes, if one had not been washed). Children in escuela could also ride the public bus
free, although its infrequency and/or schedule meant that children generally walked to
school. In outlying communities without bus service they always walked to school, unless
some other means of transportation was available. Students in colegio had to pay the costs
of their food and bus transportation. Forla :rc  nunities, such as Desamparaditos
(where I lived), a special bus was scheduled to provide return transportation for the
students who attended high school at night (colegio nocturno).

A parent once told me that for her two children to attend colegio it cost her at least
1000 colones (about $5/day or $100/month).

. Her family (two adults, two teenagers, and three younger children) were farmers,
and she once estimated their monthly income during the local harvest season as 80,000
colones (about $400). During part of the year, to extend their income the husband trar» 1
to other parts of the country, where he could use his tractor (few persons owned these) to
haul sugar cane, and other agricultural products. Nevertheless, it should be understood
that during at least part of the year there was no income. This example shows that for
many families the cost of education (possibly as much as 25% of total income in this
family's case) is a considerable expense.

It is therefore not surprising that a number of students do not finish (graduate) from

escuela, much less from colegio. Whereas 1st, 2nd, and 3rd grade might have many
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students, the numbers could be seen to drop in upper ades. Particularly noticeable would
be the relatively higher proportion of boys in the upper grades. Presumably, the girls were
taken out of school to help care for younger children, cook, and take care of the house.
More importantly, since they would, in most instances, become housewives, further
education was not seen as necessary. In Puriscal, this effect was not nearly as strong as [
have observed in less-developed countries (indeed, one 6th grade class I taught consisted
almost entirely of girls); nevertheless, it was still evident, particularly in more rural

schools. Even if they did not drop out of school, girls, as they got older, were still "ven
many household and childcare responsibilities.

Given the above factors, it is surprising that so many children do attend school. Tt
is clear that not only do parents value the importance of an education, but so do children.
In general, it was my belief that, even in upper elementary grades, children liked school
and wanted to be in the classroom, despite having to walk long distances to get there. This
desire on the part of the children was certainly one of their positive attitudinal parameters

that helped me in my role as teacher there.

Tea™ 1** o™
Although there were exceptions, in general, the teaching style employed was rote

learning. Either the teacher would write on the blackboard and the students would copy
what was written in their notebooks, or the students would copy sentences and sometimes
paragraphs out of a text book. In some instances, there would be discussion beforehand or
afterward. As the number of text books (soft cover) was generally limited, children would
often be in groups, with one child reading from the text while the others copied what was
said. In general, students would copy verbatim anything written on the board or in books,
being especially conscious that it appear neat. They would liberally use "wite-out," and
write, rewrite, and sometimes rewrite again. Grading appears to have been based on two

thii ;: first, a review of the child's notebook, with special emphasis placed on neatness,
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may be shown by my inability to recall ever having a child come up to me and say
" _ is not doing his/her share," although at times it appeared to me that this indeed
was the case.

Some attitudes, which I perceived as negative, stemmed from the aforementioned
positive ones. One was that my students' desire to do well in school was primarily based
on their desire to please me and others, exhibiting a primarily external locus of motivation,
which studies have shown to be less effective than intrinsic sources of motivation. Their
respeto for teachers led to a style of learning that instead of questioning, accepted teacher
instruction as authority, without comment. This in turn led to styles of rote memorization
and direct copying of whatever was written, instead of active class participation and
thoughtful note-taking, or the summing-up of their own thoughts on the subject. Finally, it
led to what often seemed to me excessive overemphasis on neatness and constant use of
"wite-out," which slowed class.

In looking back at tf e learning styles and behaviors, I realize that ©=  + were
adaptive, for given the system of evaluation these methods held the best possibility of
success. They were culturally—based as well, even as my negative reaction to them was
based on my own cultural/educational biases. Sueiro Ross writes that whereas in the
United States "children are expected to be self-sufficient, independent, competitive, and
questioning; the Hispanic Culture stresses instead compliance, dependency, cooperation,
and consideration of others." (1974, 120)

Upon reflection, I have come to realize that not only were the attitudes I perc  ved
"culturally correct” for my students, but my perception of them came from my different
cultural viewpoint. My statement above concerning the lack of "active class participation
and thoughtful note-taking" is basedupon =~~~ " nof their actionsas "~" ** " 'n

the class -- the absence of "the summing-up of their own thoughts on the subject.” On the

other hand, I have already stated they participated actively in group activities -- in keeping
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students' experiences. The difference in my background situation and that of my students
in Costa Rica may have been more extreme in some ways than that which faces most
teachers, but I present this analysis as a model of the type of understanding of their
students for which teachers should strive. I hope that it will serve as a guide to the many
teachers who today increésingly find themselves facing cultural gulfs in the classroom, as I
noted in my introductory chapter.

One reason I have examined in such detail the effects of political and economic
structures on Costa Rica over the years, and the more recent demands placed upon it by
neoliberal policies, is because they clearly affected the political, economic, and social lives
of the people with whom I interacted. But, as I have noted above, they also affected the
environmental conditions of the country and decisions that had been and were being made
concerning the environment. Indeed, I felt those factors and their effects were as important
to consic  in designing my school program of environmental education as the educational
parameters I have discussed. Finally, I have examined these factors in such detail to give
an indication of what I perceived as the major sources of the problems of the country --
problems which I attempted to address when I was there. Ihave tried to express as clearly
as possible my views on neoliberalism to help the reader understand my perspective and to
understand somewhat the partial dilemma I faced as a Peace Corps volunteer. That
dilemma stemmed from my political and educational beliefs, which I will examine in detail

in the next chapter.
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CHAPTER 3
MYSIE™ 7, MY ROLE, AND MY BELIEFS

Teachit is an interactive process. Therefore, I must not only examine the effects
of my students' and other teachers' attitudes, their cultural values, and so forth, but also
my "hidden curriculum” (Freire) -- my prior experiences, cultural values, politics, and
philosophy of teaching and learning. This is true in any situation but especially crucial
when one teaches in a foreign nation or when the teact s cultural background is different

from her students.

F 7 ey e
The role of foreign "experts" as they interact with host country nationals can be a
problematic one. The likelihood of problems is proportional to not only the extent of
cultural differences they encounter and their ability to communicate and interact through
language, but also through their self-perceptions. Having been recruited as "experts," they
are expected to be expert. However, if they are overconfident in their abilities, they may be
perceived as intellectually arrogant. Host country nationals will increase their
cultural/social distance from them, and the experts' ability to perceive and/or design
relevant solutions will be decreased. It is more likely foreign "experts" will find
themselves overwhelmed and insecure in a new cultural milieu. If so, they will have too
little confidence, will withdraw from cultural/social interactions, and their effectiveness will

be similarly reduced. (Freire 1973)
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Although teachers and members of my community saw me as an expert in both
teaching and environmental education (especially as I was older than other volunteers and
most teachers), I in no way felt myself so, and ge1 ally tried to discourage this thinki
After all, although qualified to teach elementary school, I had done very little grade school
teaching. The majority of my teaching experience had been as the English teacher in a bi-
lingual preschool.

Likewise, my experience in environmental education had been almost entirely in
informal settings. I had helped to organize a community environmental group and led
numerous field trips, but these were either related almost exclusively to birds or related to
environments very different than the one in which I now found myself.

I emphasized that they, the teachers (and even the students), were much more
knowledgeable of the environmental problems of Puriscal. Isaw my participation in their
classrooms as being one of sharing general ideas and techniques, which could be applied to
environmental education, and stinﬁulating dialogue and critical reflection on environmental
issues.

I have already noted the respeto accorded me by teachers. Peace Corps volunteers
in general have been welcomed in Costa Rica. Additionally, I had the benefit of not being
perceived/seen as an instrument of higher administrative authorities (the Ministry of Public
Education [MEP]), who were dissatisfied with teacher performance. Rather, I had been
introduced to the staff of the schools by members of MIRENEM (the Ministry of Natural
Resources), through the personal request of my immediate supervisor in Peace Corps, who
had formerly lived in Puriscal and was well known. This personal recommendation was
invaluable to me, and I always endeavored to justify it in my relations with teachers and
staff. In general, therefore, even if teachers did not actively participate, [ was given much

support by teachers and/or principals, and alsoc  ven a great deal of latitude in my classes.
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be responsive to my sense of time. I have already mentioned my frustration with what
seemed to me their excessive "obsession" with neatness, and I often found myself
frustrated by their respeto and its concomitant "non-participation,” while at the same time I
indeed wanted their respeto. I'm sure there were times my students felt they were receiving
mixed-signals, not knowing for example when I wanted them to write things in their
notebooks and when just to listen and participate in discussions. These mixed-signals were
intensified by the variations in teaching style of the teachers in the different classes which I

taught.

I Ce - ¥

But by far the greatest difficulty I faced was one of communication. Although my
Spanish undoubtedly improved, I never considered myself fluent. While in informal
communication this could be overcome, in the classroom it was a much more serious
impediment. There were *~ s when this became frustrating for both my students and
myself, often exacerbated by local usage (names) unfamiliar to me and my poor
pronunciation. If the teacher was in the classroom, she could help; however, I often found
myself in situations where although I wanted students to actively participate in discussions
and/or ask questions, they could not understand me or I them!

Knowing how bad was my mastery of Spanish and my pronunciation (I am almost
a purely visual learner and cannot hear many vocal distinctions), I was generally not
defensive in these situations -- unless in a humorous way. Indeed, humor was one of the
principal strategies I employed in my classes, not only for language difficulties, but also to
engage students in active participation.

While, on the one hand, my language inabilities were a disadvantage, they were
also an advantage in that they helped to diminish some of my "expert" status. It was also
easier to involve teachers in my classes (particularly in my first year), as communication
"bridges," and thus, share teaching ideas and techniques with them.
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The last aspects of my "hidden curriculum" that I want to discuss are my political
and educational philosophies and how they affected my teaching. As a 60s radical, I am by
nature somewhat skeptical when too much praise is lavished on anything. Costa Rica had
seemed too idyllic and its environmental policies *  enlightened. Indeed, prior to leaving
for Costa Rica, for one of my final papers at the University of Massachusetts, I had
pursued as my theme whether the creation of Costa Rica's large park system served as a
funnel directing peasant labor away from farming toward other (more attractive for the
ruling class) labor choices -- magquilas (low-wage industries), banana plantations, and
tourism. I had also questioned a policy of natural preservation that wants to preserve all of
nature, but defines people as being outside of nature, and therefore does not consider their
needs to be part of the equation.

Although I knew, as a Peace Corps volunteer in environmental education, it would
be difficult to fully put forth my political perceptions, these perceptions were clearly part of
my understanding, and I did at times raise them. It is interesting to me that Costa Rica,
during my time as a volunteer, became a strong proponent of desarollo sostenible, an
acknowledgment that human economic, social, and cultural development should be
considered at the same time as "natural" preservation. Perhaps the contradiction of ‘having
one-fourth of its total land area devoted to conservation while many of its inhabitants live in
squatter settlements, and the general well-being of many has worsened, led Costa Rica to

stmilar conclusions I had drawn.

™1 " 1 "‘\h“ v

Finally, I would like to discuss pedagogy, my philosophy of education and how it
affected my performance in Costa Rica. As an educator I felt strongly that my pedagogical

values should be those values I was least willing to compromise. I had been influenced by
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my reading of Freire and his notions of liberatory education, especially as it intersected
with much of my political philosophy.

I have already mentioned in my introduction his criticism directed toward "banking"
education and his emphasis on the need for education to be based on the students'
experience. Another educational technique he advocated was the use of dialogue. He
emphasized that a major role of the teacher is to engage her students in dialogue, have them
discuss and exchange ideas with her and each other, and jointly address problems. For
him, this was not only a good technique, but a way in which the teacher could affirm the
validity of her students' experience, and thus, empower them to think and act on their own.

What then was my educational philosophy as I left for Costa Rica? In writing a
paper for my course, Cross-Cultural Perspectives, before I left, I summarized it and would
like to refer to that paper now. Ihad examined my own educational background
limited to school, and found these five factors which were instrumental in making my
education meaningful:

Caring adults
A moral value system
Excitement of learning

Creative opportunities
Relationship to the present

b WhN =

Using the broader conception that Freire and others have of education, I analyzed
these factors to clarify my own educational philosophy. This then was my philosophy and
the importance I gave to each of these factors (which T will discuss in turn), as 1
approached my role as an educator in Costa Rica.

To begin with, T knew I could not as an educator recreate for my students the
conditions of my youth, " 41! The situation and context of my students would be
very different and so would be their needs! What I could, and should strive for, would be
to provide for them the five essential ingredients listed above. My main problem would be

how best to do this within a culture in which I am a foreigner.
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What should I as an educator do? To begin, I should help others to appreciate their
own cultural and moral values, and to understand how they relate to their "deeper beliefs
about the very nature of what it means to be human, to dream . . . ." (Giroux 1985, xiii)
Unless my students first understand and appreciate their own cultural values and how they
are grounded within their own culture, they will find it difficult to examine those values and
compare them with other value systems. And this is what I must also do -- I must be able
to provide them with the support to examine these values, and, if it becomes necessary, to
change them.

Helping my students to understand their cultural values does not meanI1 d to
remain morally neutral, nor negate my own values. Instead, I must be clear about my own
values and be as consistent as possible in living up to them. At the same time, I should
also share my own moral uncertainties and indicate to them when and how I make and
weigh value judgments. It~ should examine my values and, if it becomes necessary, be
willing to change them. In this way, by modeling my own thinking processes and internal

struggles, I will help them to better examine their own values and moral uncertainties.

As an educator I have to excite my students as much as possible, i.e., whet their
appetite for learning. This is not always easy to do, however, for every topic will not be of
interest to everyone. Students will like and hate different things, and more importantly,
will have different types of abilities and learning styles. To a degree I can use a "promise
of things to come" as justification for learning, but I must be honest in how I present this,
for I too am "painfully aware that schooling is not necessarily opening the door of
opportunity.”" (Trueba 1989, 112)

I also cannot say that "education is “~~ key to success." Not only do I not believe it
myself, but it is clear to my students that there are other "easier” ways to success (¢ ined
in terms of recognition and money), e.g., selling drugs and excelling in sports. Nor can I
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teachers' strike during my last year in Costa Rica. I saw the strike as an attempt to change
some of the neoliberal policies that the government was pursuing, to preserve some of the
socialist aspects of the )vernment, and to restore Costa Rican sovereignty (which was
being eroded by the demands of international banks). However, while I supported the
strike and discussed and argued its merits with many friends, I always stated clearly these
were my views, and that it was their country, not mine, and they had to make their own
decisions whether to support it or not. Likewise, although I attended strike meetings

regularly, I never tried to influence decisions the teachers were making.
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CHAPTER 4
CRITICAL AND CREATIVE THINKING

In response to criticism of our educational system some philosophers, educators,
and psychologists have emphasized the development of critical and creative thinking. In
brief, they have advocated the importance of the thinking process, and not just the content
which is learned. Although they agree that the content of education (i.e., background
knowledge) is essential for students to learn, they also insist it is not enough to learn only
facts; students must also learn how to interpret and expand upon these "facts." If their
learning is to be meaningful, students need to think critically and creatively .

The recent emphasis on critical and creative thinking in education began in reaction
to two perceptions by educators. Students did not seem to be learning much of what was
being taught, and they also did not seem to be able to transfer that learning when
appropriate and/or necessary. Furthermore, even when students were considered
knowledgeable, there was increasing evidence (Gardner 1991) that they were unable to
apply what they had learned. There is also a philosophical base for this change in
emphasis, however. As problems in our world have been increasingly seen to be
multilogical ("can be analyzed and approached from more than one, often from conflicting,
points of view or frames of reference” [Paul 1992, 660]), many have realized that the
development of thinking skills and dispositions is indispensable to making justifiable
decisions in all phases of life.

Prior to my Peace Corps service, I was a graduate student in the Critical and
Creative Thinking Program at the University of Massachusetts Boston. I was therefore
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abilities involved in critical thinking, and then subdivided these. He saw these abilities as
covering four basic areas of critical thinking ability:

1. Clarity - The clarification of problems involves the abilities to focus, analyze
arguments, ask questions, define terms, and identify assumptions.

2. Basis - The basis for one's decisions involves the abilities to judge credibility and
observe.

3. Inference - The abilities to infer not only include the logical abilities to deduce and
induce, but also the ability to make non-biased value judgments after careful
consideration of all relevant information.

4. Interaction - Within this category are both the ability to decide and how to interact with
others in making decisions.

In the field of creativity as well, attempts were made to identify certain cognitive
abilities that creative persons exhibited. Among these were the abilities to define problems,
visualize and/or imagine, think analogically and metaphorically, predict outcomes and/or
consequences, analyze, synthesize, evaluate, think logically, regress, and concentrate.
(Davis 1992, 88) These have been broadly classified as creativity-relevant skills.

Comparing these with the aforementioned critical thinking skills, one can see a great
deal of overlap. Many authors have noted this and have referred to both almost
interchangeably. For example, in accord with Paul (1987) and Swartz (1987), Perkins
(1987) states explicitly that critical and creative thinking are complementary: "Critical and
creative th™ " 'ng are not entirely separate; good critical thinking is creative in its insights,
whereas Hod creative thinking invariably involves critical app1 ~ 1l and improvement of

the product in progress." (p. 66)

™

¢ ons
The explicit incorporation of dispositions and attitudes, as well as skills, is one of
the things that distinguishes the critical and creative " * king movement from other

educational reform movements. ...len one considers the similarities of the attitudes or
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negative possibilities which can occur when "experts" are teaching peasants. One is that an
"expert" may have difficulty understanding the world view of a peasant and thus, may not
be able to teach him/her. Another possibility is, in assuming the expert world view is the
only correct one, the "expert" will be unable to recognize the validity of the peasant's world
view, which may be better adapted to the actual conditions. As both an "expert"” and a
teacher in Costa Rica, I knew it was important to understand the different world views and

concepts of those I taught.

T " e T

The teacher should also encourage and facilitate dialogue in hér class. However,
when she encourages dialogue as a facilitator, she must not abdicate her role as teacher.
She should guide the discussion, contribute to it from her greater knowledge, encourage
her students to put forth their opinions, and not negate, but also put forth her own. (Freire
and Macedo 1995)

Often teachers will find that the issues that are most important to students are per se
not in the curriculum. Teachers must be willing to address these issues as well, for
"training in criti " thinking should involve highly controversial issues of considerable,
personal, social, or intellectual importance that are not seriously addressed in the regular
curriculum." (Scrivens 1985, 12)

Much as it is important in the development of critical thinking for a teacher to
engage her students in controversial issues, the teacher should also encourage the
discussion and exploration of issues from specifically moral perspectives, and not shy
away from these issues. Iraised " " issue of moral values in my last chapter, but would
now like to expand upon what I said.

The teacher should not impose her moral views on her students, but neither should
she deny them. Instead, she should express her views to her students, listen to theirs with
respect, and acquaint them with other views. She and her students should feel free to
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challenge any with which they disagree. In this way, all will be better able to explore the
ethical dimensions of issues, and her students will be better able to form their 1 wral
views.

Not to put forth and defend her moral view would lead her students to feel morality
is not important. Conversely, to impose it or to conceal other views would deny her moral
position. As Freire says:

To challenge educands with regard to their certitudes is a duty of the progressive
educator. What kind of educator would I be if I did not feel moved by a powerful
impulse to seek, without lying, convincing arguments in defense of the dreams for
which I struggle, in defense of the "why" of the hope with which I act as an educator?

What is not permissible to be doing is conceal truths, deny information, impose
principles, eviscerate the educands of their freedom, or punish them, no matter by
what method, if for various reasons they fail to accept my discourse -- reject my
utopia. (1993, 83)

If a teacher is consistent in her behavior with respect to her moral views, she will

set an example for her students. They will understand it is not enough to espouse a view,
one must live it. If in her behavior she constantly shows her highest goal is that her acti

affirm the life of the individual as part of Nature, they will be more likely to act in a similar

manncr.

Ty Talls

Any attempt to integrate critical and creative thinking into education must also
address the problem of evaluation. Paul says that genuine understanding or knowledge
will be demonstrated by "the students' ability to explain in their own words, with
examples, the meaning and significance of the knowledge, why it is so, and to
spontaneously recall and use it when relevant." (Paul 1992, 43) For an individual to have
genuine knowledge, she must not only understand something and be able to explain it, she
must also be able to apply it. Thus, for Paul, an individual's inability to transfer

knowledge implies it was not learned.
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Although this ability to transfer knowledge may be determined by formal tests,
there are other means of evaluation. By evaluating the abilities of her students to think
when doing homework, addressing problems, during discussions, and in other classroom
activities, a teacher can determine whether her teaching has been effective in creating
understanding, what concepts need further investigation and/or clarification, and whether
her students are trans : their learning.

Even in more formal situations, teachers can put greater emphasis on the process
over the product. (James Smith 1966; Stanistreet 1987) ™ ° could be done for individual
assignments or might be used as part of a portfolio assessment, in which the teacher
evaluates the progress of her students, both as they work on individual projects and as they
progress through the year. (Feldhusen and Treffinger 1980; Duschl and Gitomer 1991)

However, teachers should be especially careful when they evaluate creative efforts
by their students since external evaluation often seems to constrain creative performance.
(Amabile 1983a) One way to: ~ imize this effect is by having the children do their own
self-evaluations. (Feldhusen and Treffit :r 1980) Teachers can also seek to reduce the
potential negative effect of external evaluation by making the project interesting, i.e.,
increasing the intrinsic enjoyment of doing it. (*  dile 1983a)

While a teacher should be concerned with the degree of originality and elaboration
when evaluz™ * rstudents' creative work, most important, in my opinion, is that she use
different criteria, and evaluate her students according to their abilities. Rather than grade
creative efforts as she does other student products, she should only comment and evaluate
based on these criteria: (Stanistreet 1987, 101)

1. Did the student "satisfy the obligation" of the assignment?
2. | Was the student's work authentic (a true expression of her feelings)?

3. Was it worthy of the student given her capabilities?
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that Ticos were purported to have. For Mothers' Day, we the volunteers on that street
bought real flowers for each one of the mothers of our "families" (each of us [1 know 1
was] thinking it would be a pleasure to have some real flowers in the house for a change!).
And, in accord with my desire, my "mother" did put the flowers inside the house on the
kitchen table. And 1 also know that in our house this also delighted the literally hundreds

of flies attracted by the flowers who joined us at the kitchen table when we ate!
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My philosophical belief (stated above) when I left for Costa Rica is similar to that of
most current educational psychologists who view a learner's prior knowledge as the
primary determinant of future learning. Implicit in this view of Ausubel (1968) and others,
is the further understanding that meaningful learning requires that the learner reconstruct
her knowledge. In Schuell's words, today "learning is generally considered to be an
active, constructive process, rather than a passive, reproductive process." (1985, 126) But
from where does one obtain the materials with which to construct one's knowledge?

West and Pines (1985) state that children have two qualitatively different sources of
knowledge -- the “intuitive" or "naive" knowledge they acquire from their interaction with
their environment and formal knowledge that they receive in formal instruction. Children's
intuitive knowledge constitutes their reality and beliefs acquired over time, is influenced by
their language and culture, and is informed by all their sensory experiences (including
television) and informal instruction from their parents and others. On the other hand,
formal instruction is goal-directed, and is informed through the children's parents,
teachers, school, books, and by other experts. Children integrate these two sources to
construct their own understanding.

West and Pines state that this construction may occur in one of four ways:

1. Children may not receive formal instruction in a particular field. Thus, their
understanding will be solely a result of their intuitive knowledge.

2. Children may receive formal instruction in a particular subject, but not have any (or
very little) intuitive understanding of it. In that case, their understanding will be shaped
almost wholly by their formal instruction.

3. The two types of knowledge may be congruent. In this case the two sources of
knowledge will reinforce each other and extend their understanding of concepts.

4. In the final situation, the intuitive knowledge of children and their formal instruction
may come into conflict.

As a child's formal instruction progresses the child will at first integrate and
differentiate the various parts of school knowledge, as she constructs her own
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Accommodation may often be gradual for children. It has been described as a
"competition between conceptions.” (Strike and Posner 1985, 221) As these conceptions
compete in her mind, the child, in most situations, only gradually gives up her prior
belief(s) or "alternative conception(s)” to embrace an incompatible one(s).

1

Formerly, the process of accommodation was thou " to be relatively
straightforward and the learning of advanced concepts (in children, especially) part of a
maturation process. As a result, most teachers seldom felt it necessary to first convince
children to abandon a prior conception(s). Instead, they merely "taught" their students the
advanced concept(s) and expected the children would learn from them. (Freyberg and
Osborne 1985) However, "there is now overwhelming evidence that many learners cling

to " 'r prior conceptions tenaciously in face of conflicting evidence and attempted

persuasion.”" (Head and Sutton 1985, 96)
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Both the tenacity of prior conceptions and their inhibitory effect is particularly
evident in science education where children's prior intuitive knowledge is a much greater
obstacle than in most subjects.

In general, studies of text comnrehension indicate the facilitative effect of schemata
or a person's world knowledge. ..owever, studies of science learning . . . indicate
that world knowledge may be logically antagonistic to science content and may persist
after science instruction. (Champagne, Gunstone, and Klopfer 1985, 66)

This naive or intuitive knowledge related to science has been called "children's
science" by Osborne and Freyberg. They state that it is characterized by the following:
(1985,12)

1. Ttis developed informally by children as they interact with the world and develop

meanings for words related to science and views of the world which relate to scientific
ideas.
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Lawson (1988), who attempts to dismiss the need for extensive "conceptual change
teaching" in the biological sciences (based upon a very small interview sample), notes that
his interviews indicated that children had a naive theory of photosynthesis.

The belief that plants consume their food through their roots is not the only
biological alternative conception that teachers confront. Although there have been relatively
few studies of alternative conceptions in the field of ecology, some major ones in that field
have been identified through research. Munson (1994) identifies some of the other topics
in which alternative conceptions are found and briefly discusses them:

Food chains and food webs (p. 31):

1. The most basic misconception is that food/energy relationships are interpreted as
simple food chains, instead of as complex webs.

2. Other misconceptions are thal inisms that are higher in a food web:
(a) eat everything that is lov 1 the web
(b) have larger populations

3. Another misconception is that the top of a food chain has the most energy because
energy accumulates up the chain.

In contrast, the scientific conception of food chains/webs is:

1. Food/energy relationships must be viewed as a complex web linking all
organisms within an ecosystem.

2. Organisms higher in a food web

(a) feed on some of the organisms which are lower in the web

(b) have smaller populations than organisms lower in the food web
3. Available energy decreases as one progresses up a food web.

Ecological adaptation and evolution (p. 32)

Misconceptions are found in understanding how hereditary traits develop, what is their
nature, and how they are passed on. They include the following beliefs:

1. Traits are either developed by individual organisms in response to their needs or
because they are a part of a grand plan.

2. Traits are properties of populations, not individuals.
3. Traits are "passed on by bigger, stronger organisms that replace the smaller

weaker ones," rather than being dete * ed by natural selection.
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In contrast, the scientific conception of hereditary traits and how they are passed on to
other generations is:

1. Traits occur randomly through genetic mutations.

2. Traits are properties of individuals and may vary within a population.

3. Some random traits are passed on through "natural selection." [These traits allow
the individqal to be more reproductively successful, i.e., the individuals pass on
more of their traits (and these traits in particular) to future populations. Over
time, the new trait becomes dominant.]

Carrying capacity (p. 32):

Misconceptions are:

1. "Populations exist in states of either constant growth or decline dependir on
their position in a food chain.”

2. Some ecosystems are seen as being limitless resources, allowing for limitless
growth.

In contrast, the scientific conception of carrying capacity is:

1. Populations are in a "state of dynamic equilibrium, i.e., population numbers may
fluctuate but only "around an average population size."

Ecosystems (p. 33):
Misconceptions are:

1. Varying a population in an ecosystem will only affect those organisms which are
directly connected through a food chain.

2. Some populations are not important; therefore, varying them will not affect an
ecosystem.

3. Varying the population of an organism affects the populations of all other
organisms in the ecosystem to the same d¢  ee

In contrast, the scientific conception of an ecosystem is:
1. Varying the population of = y organism affects the entire ecosystem.

2. Varying the population of an organism within an ecosystem affects other
populations to varying degrees.

Niche (p. 33):

Misconceptions are:
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Likewise, with teachers my goal was to share ideas, principally with respect to
teaching strategies and techniques, as I assumed they had an ecological understanding
equivalent, or nearly so, to my own. Ihoped, both through example " discussion, we
could develop better ways to communicate ideas and encourage critical and creative
thinking in the students. My goal was, in so doing, they might in the future move away
from a style of teaching based primarily on rote memorization to one that embraces
questioning and discussion and examines issues in a multilogical way.

My third goal was not originally stated by me, although it clearly was in the back of
my mind. It was the empowerment of my students, and to a lesser degree, the teachers of
the area. However, as I developed my program and conducted classes, I emphasized this
goal more and more, both verbally and within the context of my lesson plans. As the issue
of sustainable development came more and more to the fore in political discussion within
the country, so too did this goal increase in its expressed importance. It could also be said
that this goal of empowerment led me to my fourth goal.

This goal was to partially redesign and write up my program of studies to leave
with the teachers with whom I had worked. The program as redesigned is intended
primarily for sixth grade. It is designed to provide teachers with a conceptual schema to
incorporate and review the major ecological principles which students of sixth grade need
to understand (and which are tested in a district-wide exam) to graduate from escuela.
Secondly, and perhaps more importantly, it is designed to teach and/or encourage in sixth
grade students s of the process and thinking skills which will be required of them in
colegio, and later in the future as citizens.

As stated above, the program in Appendices 1 and 2 is a redesign of the program I
carried out in Puriscal, which I wrote before leaving Costa Rica. It contains some
unchanged lessons, some modified ones, and some that I did not use myself, but wrote

after I had fin" ~ 'd teaching. Therefore, in discussing my program I will at times refer to
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activities I did and the responses of my students; at other tin I will refer to the actions
teachers might take and possible expected responses from their students. I will try to
differentiate these activities within this chapter, and I trust therefore my change in focus and
often in tense will be understood. Finally, I will refer to the lessons by name and number.
The full written content of each lesson may be found in English in Appendix 1, or in its

original Spanish in Appendix 2.

Rl LM 1. ~—

€

When I arrived in Puriscal, although I was nominally under the supervision of the
regional education department, my job was actually to help coordinate (with MIRENEM,
the Ministry of Natural Resources, Energy, and Mines), the elementary school
environmental education program of the Picagres River Watershed Project. I quickly
discovered my partner, Roger Delgado of MIRENEM, although knowledgeable, was not a
teacher, and thus, I took over the teaching role.

With Roger, I started teaching late in the school year in five schools. My first
classes were spent trying to introduce some ecological concepts, using information they
had previously "learned," and trying to connect these concepts. With older students (5th
and 6th grades) I used the web of life game (See lesson 14) to introduce the concepts of
ecosystems and food chains. In this game the students represent different parts of an
ecosystem to physically demonstrate by means of a string the web of interconnections that
exist within that ecosystem. [ also attempted to demonstrate what occurs during
photosynthesis by having the children enact the recombination of water and carbon dioxide
to form glucose  1oxygen (See Lesson 4). Idiscussed with children the importance of
photosynthesis as the basis of almost all food chains on earth. In my discussions, I used a
questioning technique -- asking the students questions about their understanding of their
local environment to establish the concepts I was teaching. For example, in our discussion
of photosynthesis I began by asking students what were some major uses of plants. After
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this journal for the entire time I was in Costa Rica. I observed the symbiotic relation ' *» of
ants and acacia trees and noted (with pain) how effectively the bitit ants protected their
host trees. Inoted how quickly (within days) leaf-cutting ants stripped the ornamental trees
outside of my house and experimented with recommended environmentally benign
repellents, as well as some of my own design. In doing so, I became aware of their
inadequacies, and understood why the people of my village continued to use strong
pesticides against these ants. These, of course, were only a few of the observations which
I made, but they show how my curiosity served to further prepare me for my job. 1
investigated new questions that arose in my mind -- through further observations, or when

these were insufficient, through books or further questioning of others.

ons

As I developed my understanding of envirc  :ntal issues in Puriscal, I was faced
with the challenge of how to develop lesson plans that would help my students further their
own understanding of these issues. The lessons had to be creative to some degree if they
were to engage the students in active inquiry. Equally, they had to be designed to challenge
my students to think critically. Although most of the lesson plans in my program of studies
were my own creation, some were adaptations of others' ideas, e.g., the lessons on senses
(B), the tree (5A), ecosystems (14), soil conservation (16), and pesticides (17).

Even when alessor  y have been designed in a lecture-format manner to
accor date the lack of textual resources (e.g., the Geology of Costa Rica [10A]), I
include a way for the students to learn through active participation and challenge them to
tl " * critically. Isuggesta way in which the students may ~ 1late with their hands the
effects of subduction and orogeny (the building up of mountains due to pressure generated
when one plate moves under another one), or the way in which pressures on faults in the
Earth can produce tremors, or in more extreme cases, earthquakes. During the teacher's
presentation of the lecture portion of the lesson she depicts in a drawing on the blackboard
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children in examining and investigating the relative quality of different types of soil in the
cultivation of crops. The lesson on food chains and webs (6) is based upon an examination
of the ways in which organisms satisfy their nutritional needs, often at the expense of
others, and of how, through satisfying their nutritional needs, energy is transferred from
one organism to the next. Again, different types of relationships between organisms within

populations and communities are the basis of the respective lessons on ecology (12 & 13).

L*~--""1ge. In each lesson the specific environmental conditions of
Puriscal? served as our reference point for discussion, investigation, analysis, and further
investigation of the =~ n* ©° " 'ps that exist in La naturaleza. In constantly relating my
lessons to their environment, I made extensive use of my students' bacl  >und
knowledge. This was not only for practical reasons (there were few books or other
reference materials), but also for conceptual ones. It was easier to construct and/or
restructure or reconstruct their conceptual understanding if it was based on their
background knowledge. When I did not use it as the basis for a lesson (e.g., the lessons,
Tortuga Verde [D] and Observation [A]), it was to try to create a "neutral" approach to a
subject.

In most lessons the students' background knowledge is analyzed as a prelude to
either new observations being made and/or concepts being introduced and formed. These
are then synthesized -- integrating new understanding with existing knowledge. For
example, the concept of species and the importance of biodiversity are derived from the
students' initial understanding. Similarly, the conceptual schema of ecological
relationships derives from the categorization of those relationships with which students are
familiar. I also attempted to derive the concept of photosynthesis by first beginning with
the students' basic understanding of the necessity of plants for water, although this was

less successful for reasons I will discuss in the next chapter.
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I pointed out this latter method of learning was often followed by scientists, sometimes
repeatedly, as each new observation led scientists to think up new experiments.

I'included LOP in my discussion to emphasize that sometimes we cannot learn
directly, but can learn by reading. Nevertheless, even in such an indirect method of
learning, we need to relate what we are reading to our own experience and prior
understanding, and then think about it, if we hope to learn. I also included reading, but not
other verbs (e.g., talking, and listening), because I wanted to emphasize the importance of
reading to the children of that semi-rural society, where for most families reading is ¢

practiced minimally, even in school.

What were the specific dispositions, methods, and skills which I tried to develop
and teach to my students and which I try to encourage and teach through my program of
studies? To a large degree, they are the same ones that I myself had employed in my own
preparation. The skills I want to instill are the abilities to observe critically, to listen and
communicate through dialogue, to  1me others' viewpoints, to analyze and evaluate
critically, and to synthesize new ideas. Similarly, I want students to adopt certain
dispositions: open-mindedness, empathy, a questioning attitude, and the willingness to
confront their own learned attitudes and habits.

Just as I, as a teacher, had needed to understand that my attitudes and opinions had
been formed by my own socio-cultural conditions, I also feel it is important that students
understand the basis of their attitudes and opinions. With this understanding of their own
biases they will then be better able to make reasoned judgments. Since skills and
dispositions are often intertwined (e.g., open-mindedness and empathy are closely related
to assumption of another's viewpoint and ultimately to the ability to make reasoned

judgments), my lessons often combine them as well.
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Tiger ly on. I also wanted to help
develop in students other methods of inquiry -- reading and interviewing. To improve their
ability to read critically, I« ied the lessons, Guajipal (C) and Tortuga Verde (D), to
give them practice. In each lesson, the students are given an article about each type of
animal, with a set of questions pertaining to the article. [Guajipal (C) describes, discusses,
and compares caimans and crocodiles; whereas, Tortuga Verde (D) describes and discusses
Green Turtles and their nesting habits in Tortuguero National Park.] Although some of the
questions are relatively straightforward and merely require careful reading, others require
that students use other skills related to critical thinking: analysis, interpretation, inference
and the application of background knowledge. The lessons are designed so that the
questions in Guajipal (C) begin the process of critical thinking on the part of the students.
In Tortuga Verde (D), the questions are more difficult. There are also questions that
require the students to use sound mathematical (i.e., logical) reasoning and to identify and
interpret the author's bias.

Whereas in the above two lessons the information source is a description of animals
of which the students have little practical knowle :, in Pesticides (17) the information
sources that serve as the basis of the lesson are more practical. They are the etiquettes
(labels on which is written safety and usage information) that are required by law to be
pasted on every pesticide that is sold. Ideally, if the teacher obtains the sample etiquettes
from a local store, these will also be etiquettes of pesticides used in the area. Likewise, the
lesson is more practical -- to instruct students on where to find various types of information
on etiquettes. This information could mean life or death in a case of poisoning or prevent
lesser harm from occurring through improper use of the pesticide. In " *; case, the
emphasis is necessarily on finding information and being able to interpret it, and much less

on analysis, inference, or criticism.

106



Although it was important to improve students' reading skills and especially so that
they learn how to read and interpret pesticide etiquettes, I knew their access to books and
other written materials was limited. For this reason and because I also wanted them to
realize the importance of "peasant understanding” with respect to local conditions and
problems, I often encouraged them to conduct interviews with members of their
community. These were assigned as homework for a number of different lessons.

In the lesson on biodiversity (1), the students are encouraged to interview n ' s
of the community to obtain general information. On other occasions these interviews are
generally conducted to solicit specific information related to the interview s work, as is
the case in the lessons on nitrogen (9), soil (11), soil conservation (16), and pesticides
(17), in which the students are instructed to interview farmers to learn about specific
farming practices and soil conditions. Sometimes this background knowledge is used as
the basis of the next lesson; other times it is so1 1t to enable the students to extend what

they have learned in a particular lesson.

{ ' eas qu’ “inve * atic  Another intent I had
was to inculcate a questioning attitude, an important disposition for critical and creative
thinking. In general I did this by modeling and by asking students to explain events and/or
their observations, and to question accepted solutions and/or opinions. Although I
probably used the words "; Por qué?"” (Why?) in every lesson, the lessons which most
clearly demonstrate the questioning of accepted (')pinions are Tortuga Verde (D) and
Ecological equilibrium (15). In Tortuga Verde (D), 1 questioned whether or not, given the
tremendous number of eggs produced by Green Turtles, it was still necessary that the
harvesting of their eggs be prohibited by law. Similarly, in the introduction to Ecological

Equilibrium (15), I questioned whether or not there is in fact a balance of nature (ecological

equilibrium).
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further understanding of "habitat" follows. It should be noted that this construction of
knowledge by the students did not require a large conceptual change for most, and thus, is
an example of assimilation.

My next objective was that my students understand the importance of being able to
analyze the different necessities of an organism -- what is its source of nutrition, how does
it protect itself, what sort of territory or home does it require, how does it reproduce itself,
and so on -- not only to determine its habitat requirements, but also to determine its role
("niche") in nature. I knew from past teaching experience that this concept was much more
difficult to understand and that it would probably necessitate at least some change in former
beliefs (accommodation). The difficulty of the concept "niche" is, I believe, due to two
factors:

1. Many of the ecological roles that o " ms have are not obvious, and sometimes seem
counterintuitive (see discussion of wcai-cutting ants below).

10

2. Many behaviors of organisms and their importance are *""cult to observe and/or

know.
Therefore, to change these beliefs I knew I had to:

1. Challenge the adequacy of the beliefs held by the students with new information (or
information they had not fully considered)

2. Present new ideas that would better satisfy the information they now possessed

I therefore used the example of a leaf-cutting ant and analyzed its requirements,
how it protected itself, what was its habitat, and what ecological role it fulfills. My reason
for choosing a leaf-cutting ant was two-fold:
1. Itis very common and therefore was familiar to all my students.

2. Itis generally despised by the populace because it destroys many ornamental and fruit
trees.

By opposing my students' sociocentric belief in the destructiveness, and therefore
"badness" of leaf-cut’” ; ants, with the alternative perspective that they play a vital

ecological role in decomposing leaves, fertilizing soil, and letting sunlight penetrate through

114






others, I wanted to have them understand, at least in part, how geologists arrive at those
ideas.

Starting with the rocks I had asked the children to bring to class, I asked my
students to state ways in which they might be classified. We discussed several of these to
make sure that all students at least had a starting point. Ithen asked them to classify their
rocks, using these and other criteria and make lists of their classification scheme(s). When
they had finished, I told them that what they had done is essentially the initial process of
geology -- the classification of rocks.

Having engaged them in the process of classification, I then asked them "WHY? --
What are the reasons these rocks have these different characteristics?" We then analyzed
each of the characteristics which we had used to classify our rocks and decided which of
the following was its principal cause -- the composition of the rock, its origin, or its
"experience." Again, in doing this, I further emphasized the process and objective of
geology -- to interpret the distant past by examining rocks -- their formations, composition,
origins, and positions.

This was also a natural lead-in to a discussion of the various origins of rocks,
which I then explained and illustrated by drawing the Rock Cycle. I gave examples of
various types of rocks (igneous, sedimentary, and metamorphic), which are classified
broadly according to their origin, and also explained some of the sub-classifications, that
are made based on the different types of origins within each group.

In the following discussion, I indicated other ways the children might classify their
rocks - relative hardness and the presence and/or absence of calcium carbonate (which is
indicated by reaction with an acid [e.g., lemon juice]) -- and gave them ideas for future
investigations they might make on their own. Although I tried the latter in several classes

with some rocks they had collected, there was no reaction. Since, in general, there was to
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my knowledge little or no limestone in the area, and since I did not possess any limestone
or marble, I discontinued this demonstration in other classes.

Finally, I connected the lesson to the framework we had been makir - and I
introduced the uses of rocks, i. e., their ecological role. It was important that I point out
that a person's use of rocks to form a house was ecologically similar to an animal's use of a
rock cave as a shelter. This helped them to understand the ©  iortance of analyzing
occurrences from different viewpoints. I also made certain that my students understood
that soil was formed through the gradual breaking down of rocks, thus, establishing the

connection to our next topic, soil.

Lot T Mxygen]. The next lesson [ would like to discuss is my first
lesson on non-living things -- Lesson 8 (Air [Carbon dioxide - Oxygen]). I use this
discussion to illustrate how within a lesson (in this case, on the role of oxy :n and carbon
dioxide in our environment), one can introduce a number of critical and creative thinking
skills and dispositions -- logical reasoning, dialogue, assumption of others' viewpoints,
judgment of data presented, and reasoned judgment -- and also have students use these to
discuss real world political problems.

As I have stated previously, I began this lesson by looking at the uses of air (rather
than its structure). The children were asked to brainstorm ideas and these ideas were then
written on the board. Having done this, I then solicited from them the constituents of
Next, I used the percentages for nitrogen and oxygen to provide a different type of
mathematical exercise that required logical reasoning (determine the approximate amount of
carbon dioxide using inexact ["'more than"] figures). We then decided which constituents
of * are used for the various uses they had brainstormed, and classified these actions as to
whether they use nitrogen, oxygen, carbon dioxide, or some combination of them. [In
some classes I lit a candle and then covered it with a glass to discuss combustion; in others
I merely talked about blowing out birthday candles.]
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I then drew the oxygen-carbon dioxide cycle to help them create a conceptual
framework for the interchange of these gases. I emphasized that the processes of
photosynthesis, respiration, and combustion serve to maintain the relative balance of these
gases (oxygen and carbon dioxide) in the atmosphere.

All of the above was rather a straightforward review of concepts previously
discussed (photosynthesis and respiration), with the only new information being the
introduction of combustion (the chemical equivalent of respiration). But there was an
important reason I both reviewed these concepts and discussed the oxygen - carbon dioxide
cycle. It was necessary to assure that all students had the same minimal understanding
before they could, as a class, address the problem posed in a critical fashion.

The problem I pose in the lesson requires that the students apply their
environmental 1 "rstanding to a political problem, which I summarize as follows: I state
that observed levels of carbon dioxide have been increasing and that this increase has been
attributed to the increased combustion of factories and automobiles. I further state that
some individuals have suggested we should reduce these levels by plantii  trees to counter
the effects of combustion, and we should do this in the tropics, since trees grow more
rapidly there. A political suggestion has been made through the United Nations that since
this increase in carbon dioxide levels has been principally caused by the developed
countries and their industries, these industrial companies should pay tropical countries to
plant trees and maintain the forests they presently have. In return, these industrial
companies will be given pollution credits (i.e., have their anti-pollution requirements
lessened).

I then ask the students to discuss this situation and come up with a decision --
whether or not pollution credits should be given. As can be readily seen, this discussion
can serve as the basis for the use of many critical and creative thinking skills and

dispositions. Through discussion and role plays, the students assume other viewpoints,
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who will take the role of their lawyers, and what sorts of questions they will ask of their
witnesses and the opposition's witnesses.

Judges are also chosen. Their role will be to listen carefully to all arguments, ask
whatever questions they feel are necessary to clarify and/or examine further these
arguments, evaluate the validity and strength of the arguments presented, and finally make
areasoned juc ment taking into account all of the arguments that have been presented.

The trial is then conducted and the judges make their decision. After the judges
have made their decision, the students are then encouraged to discuss what happened.
During the initial discussion the teacher merely facilitates, allowing the students to explore
the issues on their own and decide whether the judgment was fair.

But the teacher does not relinquish her role. She finally enters the discussion and
helps the students to categorize their thoughts, enumerate the problems humans cause, and
debate the fairness of such an extreme penalty. She helps them understand that these
actions which harm nature, while they may have more rapid effects than actions by other
organisms, may or may not be as destructive. Furthermore, she helps them to understand
that these actions by humans have been taken to benefit themselves and should be judged as
we would judge other actions in the natural world. [Much as a jaguar kills an animal to
survive, human beings cut down trees to plant crops so they can survive].

Finally, having introduced the necessity of making more critical evaluations and
looking at issues from competing moral perspectives, the teacher then poses this question
for the students to evaluate: Do our actions to benefit ourselves inevitably have to cause
harm to nature? The teacher then forms and assigns groups to address various
environmental problems, in the light of the question. The students then explore the issue
for their homework as they conduct invest itions (analyze) and suggest solutions

(synthesize) to various environmental problems.
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After the students have completed this assignment, the teacher may want to explore
these issues further. In my lesson I suggest a series of videos (made in Puriscal ) she can
use which discuss deforestation and reforestation of their area. These can also help to
focus discussion on more complex moral issues such as:

1. Do human beings have the right to cut down trees and/or destroy forests?

2. Can we recreate forests and/or should we?
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The purpose of this part of the chapter will be to cite examples of the ways, other
than formal tests, in which this program could be evaluated according to the published
guidelines cited above. My program creates many opportunities within class to actively
investigate the environment and corresponding opportunities to judge students' attitudes as
demonstrated by their participation. Likewise, effort expended in tree planting projects,
trash clean-ups, and other environmental campaigns or activities can also be used to gauge
students' levels of participation and, to a degree, their attitude changes. Even more
indicative of attitude changes, however, will be greater use of trash baskets and a cleaner
environment around the school, especially if close to a local pulperia (a smail "Mom and
Pop" grocery store). This, of course, is more difficult to gauge, although it should be

noticeable over time.
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As I designed this program I viewed the homework assignments and, to a lesser
degree, those done in class, as the best indication of a student's interest and learning. [
have already stated that many of the homework assignments require that the students show
their understanding of a topic already discussed by writing their own explanation of it.
[For example, in Lessons 6-10, students are asked to describe in their own words,
respectively, a food web, and the cyc  of water, oxygen-carbon dioxide, nitrogen, and
rocks). This is a good way for the teacher to evaluate the students' understanding of
concepts. However, in general, the purpose of most of my homework assignments is to
encourage further investigation and thought by the student. [In the following discussion,
all references are to the MEP Science Curriculum Guidelines of 1995 which are printed in
Appendix 3; T will only reference them if I directly quote them.]

The first homework assignment (Lesson A -- Observation), in wh™ * students are
asked to observe a particular non-domestic animal (or group of animals), if carried over for
several weeks, should give the teacher a good indication of the students' commitment and
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for evaluation. For example, Lesson 6 (Food Chains/Webs) can be used to evaluate
students' understanding of this topic and the different roles of producers, consumers, and
decompo 5. Lessons 3-14 all provide opportunity for the teacher to evaluate the
students’ understanding of the importance of various biotic/abiotic components of
ecosystems. This, of course, should not be surprising, since the basis of the course is
ecology and the study of the interrelationships and roles of all living and non-living things
in nature. Knowledge and understanding of the different types of ecosystems can be
evaluated by examining assignments from Lesson 14 (Ecosystems). The teacher can also
utilize the ~ :and homework assignments from Lesson 15 (Ecological Equilibrium) to
evaluate the students’ understanding of that concept.

Finally, Lessons 16-19 (Soil Conservation, Pesticides, and Trash and Garbage) all
offer opportunities to evaluate the students' understanding and attitudes with respect to
human actions and their effects on the environment, while Lessons 15 and 20 (A
Community Seeking Employment) can be used to evaluate the students' conceptions of
sustainable development, the problems that tourism might present, and the import~—~ " : of

national parks.

Of course, not all of a student's values and attitudes may be perceived or judged
accurately on the basis of only one lesson. Many of these criteria require an analysis based
upon the student's overall performance in and out of class. Examples of these would be
the student's value of and respect for the diversity and biological richness of Costa Rica
and her defense of the environment and participation in campaigns to protect it, both of

which are 6th grade requirements.
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means of expression, but in any case, they can be kept and compared as the student
progresses over the year. Thus, by reviewing the students' assignments over time, the
teacher is able to evaluate the process as well as the product. In so doing she can also
model the importance of the process for her students.

Gitomer and Duschl (1995) lay out three criteria for assessment in a "portfolio
culture," which they define as "a learning environment in which students are engaging in
learning activities consistent with current psycholc cal, philosophical, historical, and
sociological conceptions of the growth of scientific knowledge.” (p. 300) They are the
followis

1. Assessment should attend to knowledge and skills that are deemed important within the
discipline.

2. Assessment should contribute to instruction and learning.

3. Assessment should contribute to an accountability process within an educational
system.

In accord with Gitomer and Duschl, the homework assig  :nts in my program of
studies resemble a "portfolio culture” in at least two ways: (1) They assess students'
understanding of important themes and procedures in environmental education, such as the
construction of food webs and the importance of all organisms within ecosystems, as well
as the importance of observation and the consideration of different viewpoints. (2) They
also serve to help students construct their own knowledge as their own investigations lead
them to ask and answer new questions, while at the same time they provide the teacher with
information she can use to improve her teaching.

To a large extent, however, they do not meet the third condition of Gitomer and
Duschl which is that assessment "should contribute to an accountability process within an
educational system." (1995, 307) They do not do this because the major assessment tools
still used to measure student progress (and to graduate from 6th grade) are objective tests.

As long as students know that the main criteria by which they will be judged will be these
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2. Keeping the homework assignments from | ng done as if they were a test - with
excessive concern about having the "right" answer

3. How best to involve students to use their assignmenis as a self-assessment tool and
guide to their progress
- lons

I'haveal  ly shown that many of the assignments require the students' diligence
in observing and recording their observations. Some of them also require students to
interpret their observations or undertake further investigations, while others call upon them
to think critically as they apply what has been discussed and/or learned previously. Such
assignments are found in Lessons 7 and 8 (Water and Air [Carbon dioxide - Oxygen]),
which respectively ask students to address issues of global warming and the burning of
forests worldwide and predict their consequences.

Another type of homework assignmer:, that asks not only that students think
critically and apply their understanding to a problem, but also asks them to state their
opinion on that problem, can be found in Lessons 14 (Ecosystems), 16 (Soil
Conservation), and 20 (A Community Seeking Employment). In the first two lessons,
students are asked to write a response to questions about issi : that will be examined in the
next lesson, ecolc  cal equilibrium and pesticide use, respectively. In the third, havir
examined the issue of sustainable development, the students are asked whether the
resources of national parks should be used by people for purposes other than recreation.
There are no right answers for any of these questions; rather the students are asked to state
their opinions and give their reasons for them. In reading these assignments, the teacher
should evaluate: (1) whether the students' given reasons are factually correct and (2)
whether they support the students' conclusions. The clarity and logic of their argument is

the most important factor.
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lessons, pointing out its strengths and weaknesses. I also indicate parts I might change if I

were to rewrite it.

Stn

As previously noted, this program was developed taking into account my
ex] iences while teaching, and modified constantly even while being taught. During my
first year in the schools, I realized that my students were not accustomed to use their own
observations to learn in school, nor to a great extent to read to obtain infc  ition, much
lesstoread  ically. As aresult, much as I had felt it necessary to make public my criteria
of assessment (WHAT I wanted from my students), I also felt it necessary to introduce
clearly HOW I wanted my students to learn. If I wanted my students to construct their own
knowledge, I needed to make sure they knew how to do it. T thus designed the four
lessons (A-D) which focus on observation and reading, and suggest in my preface to the
program other skills which the teacher might want to inculcate, e.g. interviewing
techniques.

The rest of the program was des”  :d within the conceptual framework of ecology.
I purposely did this so the students would have a framework within which to relate the
different lessons and hopefully to construct their own understanding of ecology. The first
lessons (1-14) are sequenced -- successively guiding the student to construct the concept of
an ecosystem. After first be nning with a discussion of the biodiversity of Costa Rica and
its importance, these lessons look at the various components of La Naturaleza before
recombining them to form ecosystems. The next six lessons (15-20) then use the students'
new unde anding and perspective to first address the competing moral perspectives
ecology presents and then examine real problems in light of both their scientific
understanding and moral perspective.

The lessons are not only structured to help the students construct their own
understanding and perspective, but are also based on the students' experiences. Almost all
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class investigations and homework assignments involve the students in activities that are
local and relevant to their lives, to provide the greatest possibility that the students be able
to construct their own knowledge.

The underlying learning principle for connecting the first lessons (1-14) was
assimilation. Each lesson adds new information, which is connected to previous
understanding, and often leads to new ideas to be presented in the next lesson. I believe
that overall this is an effective strategy in bringing a number of varied concepts together.
My experience was that for most lessons concepts did flow together and students did show

increased understanding.

=

However, there were times when this desired understanding was not achieved,
most notably in my discussion of photosynthesis (Lesson 5). T have already discussed that
one reason children may have a problem understanding photosynthesis is their tendency to
personify plants. (Hatano and Iganaki 1994) It is possible this may have been a factor
which contributed to their confusion -- their prior conception being that plants obtain their
"food" through their root systems, as has been found in studies of photosynthesis. (Smith
and Anderson 1984; Roth 1984)

Nevertheless, it is my feeling that a more probable explanation for the confusion
that was apparent in my students was that their conception of matter was not molecular, and
thus they did not understand my chemical formulas. Not only that but their intuitive
understanding of states of matter was also a problem with which I had not reckoned. Lee
et. al. (1993) cite the alternative conceptions that children have concerning the different
states of matter. These are:

1 Gases are often not even classified as matter.
2. Properties of states of matter are often attributed to individual molecules, instead of

being due to different arrangements and motions of molecules.
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The second alternative conception would lead children to believe (even if they are
aware that states of matter can change [e.g., ice melt or water freeze] due to temperature
changes) that a particular type of matter had a natural state at a particular temperature.
Thus, even if my students I~ been exposed to molecular concepts, the proposition that
water, a liquid, is composed of two gases, or that carbon dioxide, a gas, partially consists
of a solid, carbon, must have seemed completely counter-intuitive.

As stated in Chapter V, Strike and Posner (1985) emphasize the importance of
challengi~ - alternative conceptions in initiating conceptual change. They state that there
must be dissatisfaction with the prior conception before a new idea can take root.
Furthermore, they conclude that even when a prior conception is seen as unsatisfactory,
adoption of the new idea is gradual, as the two ideas "compete” in the mind of the learner.
What might cause this dissatisfaction to occur, and how can teachers successfully challenge
alternative conceptions? I would submit there are four different methods, which I list
below in order of their effectiveness, from least effective to most:

1. Present an alternative theory
2. Present contrary facts (unknown to the students)
3. Present contrary exceptions (known to the students)

4. Have students discover for themselves an anomaly or discrepancy through some
observation or activity

Using these as a guide, I would now like to examine some specific lessons.

T fesiee -fovs 0 pe~— This method does not directly confront
alternative conceptions, which is why constructivist theories of learning do not recommend
it. However, there is a possibility for its success in education, and it sometimes may be the

only method available. Students (in lower grades especially) generally trust their teachers;

therefore, they may not dismiss an alternative theory out-of-hand. Since accommodation
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theories "compete for favor," the alternative theory s eventually be seen as more correct
and plausible, and so be adopted.

There may also be times when, although students do not have sufficient knowledge
to judge a theory, it may be useful to state the theory first and then provide students with
the evidence for it. In this case, the teacher should clearly state the theory is a theory, and
she should invite the students to examine its evidence critically as they encounter that
evidence in their studies.

In Lesson 4 (Plants and Their Importance) I present an alternative theory. I present
as fact that scientists have determined that plants produce their own food through the
process of photosynthesis, and I describe that process and its components. To provide
partial justification for the process' components, I then show how the molecules of water
and carbon dioxide combine to form glucose and oxygen. Additionally, I work out the
equation for two other reasons: (1) to show that oxygen is a byproduct of photosynthesis
and (2) to establish the reverse equation (oxygen and glucose combine to form carbon
dioxide and water) and introduce the concept of respiration.

In defense of this approach, I would state several factors. First, since
photosynthesis is in the 4th grade curriculum, the students should already be familiar with
the process. The primary purpose of this program, which was designed for 6th grade, is to
connect disparate parts of ecology. An important one of these parts is photosynthesis. The
lesson assumes that the concept has previously been introduced to the students, and tries to
reinforce the concept by providing the ecological context. Second, it is critical that students
realize the role of plants as producers and as the first level of food chains; failure to
recognize this role has been cited as a major reason for the lack of understanding of the
importance of food webs and of how energy is distributed throughout ecosystems.

(Gallegos, Jerezano, and Flores 1994) Third, the introduction of the process of
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photosynthesis lays the groundwork for understanding the oxygen-carbon dioxide cycle,
which is crucial to understand the issue of global warming.

There are two other possibilities that Jead me to retain this lesson format using
molecular explanation. One possibility is that students will hold the theory of
photosynthesis in their mind and it will gradually become accepted. The second is that it is
possible the teacher might have discussed molecular theory in class previously. This may
or may not have b« 1 done effectively, but it is possible that some remnant of the idea
remains in the students.

Of course, a similar problem -- presenting a lesson in terms of molecular theory
occurs in Lesson 8 (Air [Carbon dioxide - Oxygen]) and Lesson 9 (Nitrogen). In these
lessons the problem is not as crucial to the lesson, and thus, probably can be avoided to a
greater degree. However, as I examine my lesson on photosynthesis, which is basic to my
program, I am still not sure that there is a way to avoid this "presentation of alternative
theory" method of introducing the topic totally.

I have considered several ways in which the method could be reinforced, however,
and the prior alternative conception that plants take in food from the soil through their roots
could be at least partially challenged. One way is by the teacher raising contrary examples
with which the student is familiar (See #3 above). The most obvious examples with which
the students of Costa Rica are familiar would be the many epiphytes that grow without soil.
Unfortunately, many students believe epiphytes are parasites. Thus, the teacher who uses
epiphytes as a means to create a discrepancy in her students' minds, needs to also cite
examples of epiphytes which grow on telephone wires and other inanimate objects to
counter this alternative conception that epiphytes take their food from other plants. [In
reviewing this lesson, I recall that, although I did not write this in the lesson, I did indeed

use this type of example when discussing photosynthesis].
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Nevertheless, it can be an effective method to challenge alternative conceptions, especially
if they are very wrong.

Perhaps the two best examples of this method in my program are my two "open
competitions” in Lesson 1 (Biodiversity in Costa Rica) and Lesson 18 (Trash and
Garbage). In each I challenge students' alternative conceptions with alternative figures,
and it is obvious as the "competition” progresses that the students' estimates change and
approach that of the teacher. The effect and actual conceptual change is most noticeable in
Trash and Garbage (18), when as a result of longer and lony  decomposition times for
inorganic materials, the students come to realize that some trash lasts ©=  2r! Of course,
whether this understanding becomes "real," i.e., affects their behavior to a great degree, I

cannot say.

™ . . Lt

Ing ce " 18. In presenting contrary exceptions the teacher
reminds students of things they know or have observed and/or experienced, for which their
prior conception cannot account. This impetus to conceptual change is more effective
because it is based on student's "hidden" knowledge. The teacher can use it very
effectively if she is familiar with her students and/or their circumstances.

I feel the lessons dealing with niche (4) and ecolc cal relationships (12 & 13)
successfully use this method. By "reminding" students of other factors (the soil of leaf-
cutting ant nests is extremely fertile; snakes eat mice that eat grain), the teacher can (as I
did) help students confront their typical alternative conceptions that some organisms in an
ecosystem are not important (Munson 1994), and the more specific one that some
organisms in an ecosystem only have "negative” value (i.e., only cause harm and therefore,
can and should be eliminated). Similarly, challenging students to carefully examine

relationships in ecosystems, also challenges their alternative conceptions, as the following

examples show:
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2. "In afood web, a change in one population will only affect another population if two
populations are directly related as predator and prey."

3. "Apopulation loca  igher on a food chain within a food web is a predator of all
populations locatec  ow it in the chain.”

4. "A change in the size of a prey population has no effect on its predator population.”

5. "If the size of one population in a food web is altered, all other populations in the web
will be altered in the same way."

Looking at this list we can see that the most basic alternative conception is that food
web dynamics can be interpreted in terms of simple food chains. The authors state their
feeling that this alternative conception is so strong because of the way in which food ch *
are typically taught well prior to food webs, which are themselves merely described as a
more realistic model than the previously taught food chains. Gallegos, Jerezano, and
Flores agree and (as I noted in Chapter V), emphasize that food chains need to be taught
"as an interactive population embedded in an ecological context.” (1994, 268) They also
state the importance of emphasizing the producer role of plants as the transformer of
energy.

How do my lesson plans address these alternative conceptions? I have already
mentioned that in my lesson when I first present photosynthesis I emphasize the role of
plants as producers. I also state clearly that sunlight (solar energy) is necessary for the
process and emphasize in my initial discussion of food chains and food webs that they all
begin with the energy of the sun. Furthermore, I introduce the role of decomposers as
well, so the children can see there are other relationships other than predator-prey ones.

I also try to directly confront the alternative conception that simple food chains
suffice by introducing food webs in the lesson immediately following the introduction of
food chains. I noted in Chapter VI how [ did this, and how in having children represent
different animals and join a simple food chain, I quickly showed the complexity of a web.
The physical representation of an ecosystem in Lesson 14 (also cited in Chapter VI)
furthered the perc tion of food webs as not only t  ng complex, but also belonging to

146



much more intricate ecological systems. Once more by visually constructing a web of
relationships, which the students themselves created, the students' alternative conceptions
were altered. Constructing the web of interrelationships also challenged a second
alternative conception (See #3 above) cited by Griffiths and Grant (1985), that a population
h™ 1er on afood chain is a predator of all populations lower on that same food chain. The
children could easily see (by the strings indicatii  the relationships) that this alternative
conception was false.

However, although I emphasize the complexity of the ecosystem, and the
importance of sunlight and the role of plants as producers of food, my lessons do not urge
teachers to emphasize the ways in which population changes of one species can affect the
sizes of other populations in the same web, directly or indirectly (nor did I do this when I
taught). Thus, it can be seen that the other three common alternative conceptions cited
above are not addressed.

This is instructive, because they easily could be -- the model of the ecosystem is
laid out and the wherewithal to attack these alternative conceptions is present. A perceptive
observer m 1t even note the anomalies that the constructed web reveals, but generally
these anomalies will go unremarked upon, and thus the students will maintain their
alternative conceptions. Once more we see that one of the most important roles of teachers
in helping their students construct their own learning is to help them in “diagnosing and
correcting errors in their thinking." (Strike and Posner 1982, 239) The ability of teachers
to do this will be directly related to the degree that they understand their students, and their

cultural, and educational backgrounds.

St - o P itions

I have tried to analyze what I believe are some of the most important strengths and
weaknesses of my program, both as I taught it and as it is written, especially in the light of
conceptual change theories. But ultimately, the best judges of an educational initiative are
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those it affects - the students, and to a lesser degree, the other teachers. To the degree that
my students found classes interesting and were active participants, I find satisfaction and
believe the program was helpful in awakening important thinking capabilities in many of
them. The homework assignments I analyzed also showed that at least some of my
students were being challenged to think about issues in different ways. Parents told me
that their children found my classes informative and interesting. The interest shown by
other teachers also gives me hope that they learned something from me, as I know I learned
much from them.

I would like to close this chapter with two very literal translations quoting from two
letters that were sent to me by teachers with whom I worked. The first cites the value of
my work there; the second is by a teacher who talks about my program which she has been
usii

Reforestation has greatly increased in the watershed of the Picagres River with the

help of international and local organizations such as the Puriscal Farmers Cooperative.
In other regions of our country they are also reforesting. There is a good climate to do
this at the present. You were a pioneer in environmental education in our region.
Thank you.  irique Lopez Jiménez, pers. comm.)

During the last trimester you have been very present in my mind. I have been using
your program and the article about the turtles. I worked using your methods. T
children have played games, drawn, and rolled around on the ground. Do you
remember? Today I was teaching the different types of nutritional relationships among
living things (classes of animals, herbivores, etc.), and the class went well. Monday,

I am going to use your me with the ball of string.
(Lucia Acuiia Quesada, pers. comm.)
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students' background as a model of the type of investigation teachers m* ' make. Another
teacher may not be able to immerse herself in the culture as much as I, as a Peace Corps
volunteer, was able to do. However, the greater she understands her students, the more
effective will be her teaching and the better the educational experience in her classroom.
She will be able to design lessons and ask questions that relate to her student's experiences,
which will better enable them to construct their own learning. Additionally, she will be
able to learn from her students and the culture of the classroom will be enriched. Multiple
cultural backgrounds of students will only serve to further enrich the classroom.

But the second factor is equally important. The teacher must examine herself. She
must not only understand her cultural background, but also her “hidden curriculum.”" If
she does not, she will not be aware of the way her "hidden curriculum" may get in the way
of the educational experience she is trying to create. Her underlying perspective will hinder

her in understanding and/or responding to the needs of her students.

Tttt P

Education must challenge students and it must help them to explore new ways of
thinl ©  both critically and creatively. It should encourage them to move outside of their
viewpoints and consider things from multiple perspectives. Diverse cultural backgrounds
in the classroom can be used to create a climate for this type of thinking.

Students can only learn if they construct their own knowledge. Thus, sufficient
opportunity must be provided for them to observe, explore, question, discuss, and also to
re-observe, re-explore, re-question, re-discuss, and so on. They must have the
opportunity to examine and see the inadequacy of prior viewpoints and be given the
guidance which will enable them to embrace new ones.

In so constructing their own understanding students can be empowered to make
decisions in their lives. They will become confident in their reasoning powers and learn

how and where to seek information when needed. As they construct, restructure, and
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that students have in their teacher, and on whether their future experiences will confirm
these new ideas. More effective ways to challenge these alternative conceptions are
presenting contrary exceptions (which are known to the student), and in helping the student
discover anomalies in their conceptions through their own experimentation and/or
investigation. The last method can be very effective, but it may well require that the teacher

guide the student to recognize the anomaly.

™

Je " ma

Throughout my thesis [ have tried to put forth my idea of what should be the role of
the teacher. In brief, I think she should play at least five different roles at various times.

First, she should be a facilitator. She needs to create a classroom climate that
encourages critical thinking, examination of ideas from multiple perspectives, open
discussion, and creativity.

Closely tied to her role as a facilitator is her role as a guide. She must guide
students not only to perceive anomalies (as mentioned above), but also to explore different
viewpoints, to look for relevant information, and organize their thoughts. She must be
alert to her students' needs and be able to guide them in addressing those needs. While not
the architect or the builder of the learning that the students construct, her help is essential in
the "pre-design stage," and she must help her students construct a good foundation.

Third, a teacher should be a model. She must model not only the classroom
behavior she expects of her students, but also how to think critically and creatively. If she
expects her students to be observant, curious, careful, entertain multiple perspectives, and
so on, she too must mode] these same behaviors.

Related to being a model is her role as a learner. The teacher who teaches to
empower her students, not only models for them she learns from them. As she learns from
them she is also able to better teach them. One could actually say that even as she
empowers her students, they in turn empower her.
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The fifth role I want to emphasize is that of a sharer. Sharing is different from

rning -- it is more mutual and it need not change one's beliefs, although it will definitely
change one's way of thinking and attitudes. It is especially very important that teachers
share their moral perspectives and values with their students. In this way, both she and her
students will be able to examine their perspectives in a different light. The sharing of
cultural values can also be a wonderful way in a classroom to help engender new attitudes,
and break down stereotypes and existing attitudes. Again, the teacher in the multicultural
classroom has many opportunities to do this.

Finally, I would like to conclude my thesis with the following thought, something
we may not as teachers always feel:

To be a teacher in any society is to be privileged, no matter at what level, for the
teacher has the opportunity to share in the educational experiences of her students. But to
be a teacher on the grade school (or even lower) level is to be specially privileged, for the
teacher at these levels shares not only in the educational experience of the child, but also
truly shares in her development as a human being and member of society. In this the
teacher also shares a great responsibility. The teacher may not know when the child leaves
her classroom what her final effect on that « * "1 will be; all she knows for certain is that

there " " - a final effect.
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ENVIRONMENTAL EDUCATION PROGRAM
FOR UPPER ELEM ARY GR2A™75

Designed by
Craig L. Jackson
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Puriscal, Costa Rica
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Outline of Environmental Education Pr« -am

I. How we learn
A. Observation -- using all our senses
B. Investigation
1. How to read for information
a. Analysis, evaluation
2. Experiences and knowledge of people
a. Oral history
b. Practical knowledge
C. Experimentation
D. Contemplation

II. Costa Rica's Biodiversity
A. Definition
B. Is it high or low?
C. Causes
D. Importance

III. Costa Rica's Climate
A. Definition
1.T" nents of climate
B. Whatde  mines climate?
C. T fferent climates of Costa Rica
D. Relationship of climate with biodiversity

IV.  Living things
A. Animals around us
1. Microclimates and microhabitats
a. Definition
b. Investigation
2. Habitat and niche
a. Definition
b. Daily observations
B. Plants around us
1. Photosynthesis
a. Definition
b. Components
c. Importance
C. Other living things

1. Bacteria, Protozoa, and Fungi
2. Importance
D. Food chains
L. Definition
2. Different parts and their role

a. Producers

b. Consumers
1. Herbivores
2. Carnivores
3. Omnivores

¢. Decomposers
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V. Non-living thi
A. Water
1. Water cycle
2. Importance
B. Arr
1. Components
2. Cycles
3. Importance
C. Soil
1. Components
2. Cycles
3. Importance

VI.  Nature and ecosystems
A. Definitions
B. Components
C. Relations between components
1. Living -- living
2. Living -- non-living
D. Biological equilibrium

VII.  Natural disequilibrium
A. Natural causes
1. Non-living -- natural processes
a. Geothermal/geological
1. Volcanoes, earthquakes
b. Erosion, sedimentation
2. Living
a. Disease
b. Environmental changes
1. Examples -- succession, beavers, cattle, humans
c. Predation
B. Unnatural causes -- caused by humans
1. What's the difference?
2. Problems
a. Pollution
1. Air
2. Water
3. Soil
b. Deforestation
c. Loss of natural resources
d. Extinction
e. Overpopulation

VIIIL Solutions -- Advantages/ Dit " 7antages

A. Conservation

B. Reforestation

C. Laws

D. Education

E. Sustainable development
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observations (made during class). It is also recommended that the teacher examine the
diaries frequently to assure that the students understand the purpose of the assignment.
After this lesson the teacher should give the lesson of the senses (Lesson B) to
emphasize the children should use all their senses to make observations.
The teacher could use the ideas in Aw™" te — * (p. 7) to use these lessons as
an introduction to the scientific method.
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second, third, etc. winners. Doing so helps maintain more interest in the activity, and most
importantly increases the self-esteem of most of the children.]

It's probable that the children will only use their sense of touch for this activity. If
s0, afterward you should remind your students that although they were unable to use their
vision, they had forgotten their other senses. To demonstrate you could bang different
types of branches on the ground -- some might have distinct sounds. You could also
demonstrate that some have different odors.

V. Comments/Suggestions:

When I did this activity the children had a lot of difficulty when there were unpaired
branches. If there is time it would be better for each person to have two different
opportunities -- one with only pairs; the other with a different grouping.

It might be good to leave the branches and blindfolds in class. That way the
children could conduct the competition on their own or just practice.

The teacher can also use or design other competitions/games that require the use of
the other senses. The above activity is an adaptation of Act1v1ty Con page 13 of ite
en . Ideas for the other senses can be found on pages "~ 14 in the same bouk.
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7. Which is more common?
7.1.  (the guajipal)
8. What is this essay about?/Why was it written?
8.1.  (The author wants to give a brief description of the two animals and
compare them.)
9. Do you know where you can find cocodrilos near here?
9.1. (Inthe Tércoles Riv  near the ocean)
10. How do humans use guajipales or cocodrilos? (What is the importance of
the cocodrilo family for humankind?)
10.1. (Sale of skins)
10.2. (Tourist aftraction)
10.3. (Food?)

Give each group time to answer the questions before discussing them. In your

discussion emphasize the following for each question:

1.

00~ Ph WK

O

10.

V.

This article does not give a good physical description of either a guajipal nor a
cocodrilo. The drawings are an integral part of the article.

. Read for details.

. It's necessary to read carefully.

. Read for details.

. Read for details.

. This necessitates analysis.

. You need to infer this from the essay.

. This question relates to the author's bias and purpose for writing. Emphasize that

every author has their own bias.

Some children may already know this. However, it's also possible that the answer
may make them aware of the possibilities for tourism that cocodrilos may present.
These answers require the students to infer, analyze, and interpret.

Comments/Suggestions:
This activity could be done with any type of article about the natural world. What is

most important is that the questions include different processes: seeking information,
analysis, inference, interpretation, comprehension, and determination of an author's bias.

This article and activity is much easier than .vurtuga Verde" (Lesson D). The

teacher can use both sequentially or choose one or the other depending on the ability of
their students.
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into a regular math lesson, possibly supplementing it with data on the nesting of other types
of sea turtles.

The most important part of the voting activity is that the children understand there
can be valid reasons for both positions. Many tin  it's necessary for people to choose
between options, both of which may be justifiable. It's also important to understand that
every aronment is prejudiced by the bias of the person who makes it.

1 uiS activity could be done with any type of article about the natural world. What is
most important is that the questions include different processes: seeking information,
analysis, inference, interpretation, comprehension, and determination of an author's bias.

This article and activity is more difficult than "Guajipal” (Lesson C). The teacher
can use both sequentially or choose one or the other depending on the ability of their
students.
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niche -- "the function which a species carries out in an ecosystem” or "the role of a
living thing in nature" (Chacén et al, p.11)

VI. Homework:

The children should make daily observations of a non-domestic animal (or group of
animals) that lives near their house, noting on what it feeds, how it protects itself, what is
its habitat, and if possible, what is its niche.

VII. Comments/Suggestions:

If the teacher wants to amplify this lesson, s’he could try the activity in * ~ t*-~* 1
: p. 54. It would also be good to plan a small field trip to talk about ana snow e
hiaowars of dif — ent animals.

A -7
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When all the molecules are in front, ask them to count how many of each type there
are. Write these numbers in front of the symbols in the above formula like this:

6 HyO + 6 COy

Then ask the children who represent the sun and chlorophyll to create a molecule of
glucose, arranging in a different way the atoms of water and carbon dioxide. [Again, it
may be necessary to help them do this]. When they have finished, they should have one
molecule of glucose (CgH120g) and twelve atoms of oxygen (O).

Tell your students, "Now we have formed a molecule of glucose, but we have left
over oxygen atoms. What can we f with these? Help them to understand that with
twelve atoms of oxygen we can form six molecules of oxygen (6 O).

Now write the rest of the formula:

water  + carbon dioxide glucose  + oxygen
sunlight
6 H)O + 6 COy ->
CgH1206 + 607
chlorophyll

When you have finished, tell your students that this formula represents the process
of photosynthesis and write down the following definition:

"Photosynthesis is the process in which plants, with the aid of sunlight and
chlorophyll, convert water and carbon dioxide into their own food (glucose) and
oxygen."

V. Discussion:

After discussing this definition, ask your students to tell you two reasons why
photosynthesis is very important for living things. [It's the source of all food and through
the process plants increase the quantity of oxygen in the air, while at the same time
reducing the amount of carbon dioxide].

Emphasize that the process of photosynthesis complements the process of
respiration in that each uses the products of the other -- photosynthesis uses water and
carbon dioxide, the products of respiration; meanwhile, respiration uses glucose and
oxygen, the products of photosynthesis. Assure they understand that without either of
these two processes, life on this planet would be impossible.

Afterward talk a bit about how plants serve as basic food for all living things, and
explain in simple terms the concept of a food chain.

VI. Homework:
The children should draw a food chain and write a paragraph explaining it.

VII. Comments/Suggestions:

Although the process of photosynthesis could be difficult for the children to
understand, the concept is very important since it is fundamental in ecology and serves as
the base of many of the relations in any ecosystem. It's therefore worthwhile to take the
time to assure that your students understand the concept.

If your class is well-behaved, you could use children to represent the different
molecules. If not, it's better to use only the cards.
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I. Objective:
The children will understand the functions of the different parts of a tree.

II. Materials:
1. Blackboard and chalk
2. Plastic bags for seedlings
3. Seeds
4. Soil (a mixture of good soil and rice husks)

III. Introduction:

Begin by asking your students what are the different parts of a tree and write them
on the board. Then have them tell you the function(s) of each part and write down these
next to each part. [It's probable you will need to help them remember some of the
functions]. When you are done you will have a list like this:

roots -- sustain the tree, absorb water and minerals

leav respiration, produce food via photosynthesis, shade
bark  otect the tree

flowers -- reproduction (through pollination)

fruits -- distribution and §  ination of seeds

trunk -- sustain the tree

IV. Activity:
After discussing the functions of the various parts of a tree, construct a tree with the
children acting as parts of the tree (See "El Arbol Conversa," * "y * "¢ 71, 46), but

add leaves, making up a motion to s "y the action of photusyntne$1s.

V. Discussion:
Review each part of the tree and ask your students to tell you its function.

V1. Homework:

1. The same day or ano  , the children should fill bags with a mixture of soil and
rice husks and plant a seed in each bag. You can use these bags to start a school
tree nursery or the students can take them home to their houses to care for them.

2. There are different types of trees -- fruit trees, leguminous trees, ornamental
trees, trees from which we obtain lumber, etc. Divide the class into groups.
Each group should investigate a type of tree and make a list of the trees of that
type which are most common in their region.

VII. Comments/Suggestions:

You can also do this activity with yow children. If you do, it's best to also have
them draw a picture of a tree showing its parts iu their notebooks.

This activity is recomm “ed for Dia del Arbol (Tree Day) or before beginning a
school tree nursery. If the school has or is going to have a nursery, you could give to each
child the responsibility to regularly note the height of "their" seedling, how many leaves it
has, the size of its leaves, etc. The children could then construct a chart which shows the

owth of their tree.
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3. Explain to them as of yet we have not discussed the role of nitrogen, but will
address it in our next class. In preparation, they should ask their parents or other
farmers which type(s) of fertilizer they use and for which crop(s).

VII. Comments/St estions:

The teacher may want to demonstrate the ability of plants to use both oxygen and
carbon dioxide. Place a plastic bag completely over a plant. In several days have the
children examine the plant and write down their observations of what has occurred. [The
plant will have survived because although it absorbs oxygen and releases carbon dioxide
(process of respiration), it also uses the carbon dioxide to produce oxygen (process of
photosynthesis). They should also note that water droplets have formed inside the bag --
since water is also a product of respiration].

The teacher and students can also construct a terrarium which contains small
animals as well as plants. Although the  arium is completely covered, the living things
within it can survive because there is a continual interchange of oxygen and carbon dioxide.
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V. Discussion:

Ask the children if there are differences in their samples. Discuss that each type of
soil has its own characteristics, but in general the soils are charact * :d as clay, mixed and
sandy depending on their compactness. [clay: rock particles extremely compact; sandy:
rock particles totally loose; and mixed: a mixture of clay and sandy soils]. You should also
emphasize that the organic parts (tw" ., leaves, etc.) which they found in their sampies are
going to decompose to form humus, uie organic part of the soil, which helps the growth of
plants.

VI. Homework:

1. The children should interview their parents and other farmers concerning the
different types of soil in their community, and which are the best/worst for which
crops in their community.

Write a report of your interview.
. For the next class, write a paragraph or more on what you feel is s ified by the
concept "nature."

[SN 3 8]

VII. Comments/Suggestions:
The teacher can arrange a brief visit with the class to a place where several meters of
soil are exposed and discuss with them how the soil is formed.
The children can act out the formation of soil as ir
the teacher can use other activities in this book (p. 28-37).
You can experiment with different soils. [For example, the ability of each type to
absorb water; or an experiment to compare how much time each one can retain water (How
much time it takes to dry?). Discuss the benefits/drawbacks of each type for farmers and
life in general.

A

‘6n, p. 28, or
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Now with their help fill in this chart with their examples, which have been written
on the board.

IV. Activity:

Tell your students they should now go outside the school and write in their
notebooks the different relationships they can observe within different populations. They
should be as specific as possible. Give them 10-15 minutes to do so, and help them if
necessary.

V. Discussion:
Afterwards, discuss their examples and classify them according to the schema cited
above. Do this jointly and write the classification on the board.

VI. H :work: [It's probably best to do this in groups]

1. .ue children should choose a small spot in their town (a pasture, a farm, a river,
etc.). They should then mark off part of it (at least 3 square meters).

2. They should make a list of the different populations which they find within this
marked-off area. [If possible they should distinguish by species -- if they do not
know the exact species name, instead of "butterfly," they should note down "green
butterfly” or "black-and-red butterfly," etc.]

3. Note down the relationships within the populations that you observe, and classify
them as to the schema already discussed.

VII. Comments/Suggestions:

Although you can teach this and the next lesson together, I believe it is better to
separate them. In this way it is much easier to construct the concept "ecosystem” little by
little.
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V1. Homework;

Divide the children into groups and give to each group a type of ecosystem to
invest e.

1. For each ecosystem the children should write:
a) 10 living things (specific names) which live in that ecosystem
b) 5 antagonistic relationships (specific) within that ecosystem
c) 3 symbiotic relationships (specific) within that ecosystem

Emphasize that the children should use spec’™ names and should not use more
than two examples of any of the nine different types of relationships.

2. Make a drawing of your ecosystem. Write the names of the different living things
on your drawing.

VII. Comments/Suggestions:

If you want you can introduce the term "inquilinism" This is a special fc  of
commensalism in which the home of one organism is inside that of another. [I have not
included it because I am not sure what "inside" means -- within the physical body (in the
cells?), or is a nest inside a tree in this sense?].

For a brief explanation of the most important relations, see Santillana, p.42-5.
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VII. Comments/Suggestions:

It would be a good idea if you could invite a farmer or a member of MAG
(Agricultural Ministry), to come and explain different soil conservation methods. It would
also be good to visit different areas where these methods are used.
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. Seek help and read the etiquette.

. Use protective clothing.

Wash yourself well after using pesticides.

Keep pesticides locked up out of the reach of children.
Use pesticides as a last resort.

[V, ISV S

VI. Homework:

«ue next class will focus on the problem of garbage and trash. To prepare for this
class the children should write a short essay on the problem of trash, which includes at
least the following:

1. How bad is the trash problem in your town? in Costa Rica?
2. How might we solve it?
3. What can you personally do to help better the situation?

VII. Comments/Suggestions:

I have included copies of some of the etiquettes and tisements I used in my
classes and also the question sheet. Although the answers a itively easy, it is
important to emphasize: if some pesticides only have advertisements, we -~ 10t know
which are the most toxic, because advertisements are not etiquettes and thus, don't have all
of the same information. Their purpose is to urge people to use the pesticides; therefore it
is possible and probable they will omit some of the information on the safety of the
product.

You can inquire at a store that sells pesticides for copies of etiquettes and
advertisements. Write the questions on your question sheet according to the information on
the etiquettes and advertisements you can obtain. [It's better to use real etiquettes rather
than copies; if you do need to use copies, indicate the colors of each in some way.]

This topic is a good one for dramatic presentations, puppet shows, etc. A theatrical
example of thisisin/ "~ ~ . ° '6n, p. 84-85, but you and/or your students can write
your own.
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What is the generic name of Graminex 20%?

Which of these pesticides are herbicides?

Which pesticide is the most toxic?

Which of © e pesticides is/are toxic?

Which of these pesticides can be used for coffee?

What are the first aid measures one should take in case of ingestion of Tordon 101?

When should you not provoke vomiting in case of ingestion of Graminex 20%?7

For which pesticide is there no time restriction on reentering an area in which that
pesticide has been used?
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V. Discussion:

Ask your students what is the best way to dispose of each type of trash on the list.
Discuss why. Emphasize that for them and their community the best way for many
inorganic substances is to reuse them; if they can't, to bury them. Explain the importance
of the 4 R's -- refuse, reduce, reuse, and recycle -- and that they should treat trash in this
order. [Recycling should be the last option.] Finally, discuss with them that the source of
the trash problem is the use of many inorganic substances in our society, especially
plastics, and whether the solution to the problem is laws which prohibit their use or at least
reduce it.

VI. Homework:
The children should write an essay or story about what will happen to the world if
there are not changes in our treatment of trash.

VII. Comments/Suggestions:

The teacher should begin (or follow) this lesson with a short trash pick-up,
followed by its classification. Show them a large amount of the trash collected is
composed of plastics and other inorganic substances.

You can use this lesson as the impetus for a clean-up campaign, or to initiate trash
col tion, classification, or a recycling campaign in the school or community. You can
also follow it up with letters to authorities who are responsible for trash management.

This theme is apt for dramatlzatlon or puppets. You can use "Carlos Conservatlon
Against Contamination” “* p 73 74), or you could simplify it, or write
your own play. Ichangeu waiws vouservauon ... " so there were only two characters.
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Div' " the class into groups and give to each group one of the ideas to investigate.
Tell them tI _ need to discuss this option and give a presentation of their ideas to the rest of
the class. They need to answer the following questions in their presentation:
1. How are they going to begin/finance this project, and where will they locate it?
2. What are the advantages of this project?
3. What could be the disadvantages of this project?
4. How could you avoid these disadvantages?

Give them time to plan their response.

IV. Activity:
Each group should present their plans for their project, locate their project on the
map and respond to any questions from the class.

V. Discussion:

After every project has been discussed, the teacher should begin a general
discussion on the concept of sustainable development. Emphasize that each type of project
has its advantages and disadvantages. Also emphasize that it's possible for them to use the
forest for lumber, but if they want to use it for lumber they need to reforest it at the same
time and possibly begin a reforestation program in other areas as well to provide more
lumber for a lumber industry.

Finally, emphasize if people do not have another option for employment they are
going to use the products of forests in some manner. What is important is that there be
controls to prevent the complete destruction of forests.

V1. Homework:

Some people have suggested that the natural resources of the National Parks be
used by people (e.g., wood for lumber, gold, etc.). What do you think? Write an essay
that explains your opinion on this topic, justifying your position.

VII. Comments/Suggestions:
It is probable your students will need help to think of different employment options.

The book — ° Q"h‘ Ar—r"ml..J —ar- ,11—l
‘en™" has Oluc ruvas Ut LW yUU Call MMuvuuce aiy wiscuss this topic.
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Esquema del Programa de la Educacién Ambiental

I. Como Obtenir Nuestra Conocimiento
A. Observacién -- Usando todos los sentidos
B. Investigacién
1. Como leer para informacién
a. Analizar, evaluar
2. Experiencias/Conocimiento de la gente
a. Historia oral
b. Conocimiento practico
C. Experimentacion
D. Contemplacion

I1. Biodiversidad de Costa Rica
A. ;Qué significa?
B. (Altaobaja?
C. Causas
D. Importancia

III. Clima de Costa Rica
A. (Qués ifica?
1. Elementos
B. Determinantes
C. Di entes climas de Costa Rica
D. Relacién con alta biodiversidad

IV. Cosas Bidticas
A. Animales en nuestra lugar
1. Microclimas y microhabitats de los animales
a. (Qué significa?
b. Investigacién
2. Habitat/nicho
a. Observaciones diarios
B. Plantas en nuestra lugar
1. Fotosintesis
a. (Qué significa?
b. Componentes
c¢. Importancia
C. Otros seres vivos
1. Monera, Protista, Fungi
2. Importancia

D. Cadenas Alimenticias
1. ;Qué significa?
2. Diferentes partes y su papel
a. Productores
b. Consumidores
1. Herbivoros
2. Carnivoros
3. Omnivoros
c. Descomponedores
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V. Cosas Abidticas

A. Agua

1. Ciclo

2. Importancia
B. Aire

1. Componentes

2. Ciclos

3. Importancia
C. Tierra

1. Componentes

2. Ciclos

3. Importancia

VI. Naturaleza y Ecosistemas
A. ;Qué significa?
B. Componentes
C. Relaciones entre los componentes
1. Bidticas -- bidticas
2. Bidticas -- abidticas
D. Equilibrio Biol6gico

VII. Desequilibrio de la Naturaleza
A. Causas "naturales"
1. Abibticas -- procesos "naturales”
a. Geotermal/geolégica
1. Volcanos, terremotos
b. Erosién/sedimentacién
2. Bidticas
a. Enfermadades
b. Cambios del ambiente
1. Ejemplos -- castor, ganado, hombres
c. I oredacion
B. Causas "abnormales" -- causado por hombres
1. ;Qué es ladiferencia?
2. Problen
a. Contaminacion
1. Aire
2. Agua
3. Suelo
Deforestacién
Perdido de recursos naturales
Extincién
Sobrepoblacién

oo T

V. Soluciones -- Ventajes/desventajes
A. Conservacion
B. Reforestacion
C. Leyes
D. Educacién
E. Desarollo Sostenible
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V1. Comentarios/Sugerencias

Esta tarea podria ser dificil para los nifios si ellos no entienden bien el concepto de
observacion. Entonces es importante que €l maestro revise las listas (hechas en clase por
los nifios). También es recomendable que el maestro examine los diarios frecuentamente
para asegurar que ellos entienden el propdsito de la tarea.

Después de esta lecciodn, el maestro debe dar la(s) leccidn(es) de los sentidos para
enfatizar que los nifios necesitan usar todas los sentidos para hacer observaciones.

El maestro puede usar las ideasde Ar " " ate A " 1(p.7) para usar estas

lecciones de observacion como una introauccion a1 método cientifico.
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importante que el maestro indique segundo, tercero, etc. De esta manera los nifios van a
mantener mas interés y lo mds importante, la mayoria de los nifios van a estimarse.

Es probable que los nifios usen solamente su tacto en esta competencia. Entonces,
después de la competencia recuerde a los nifios que habian olvidado sus otros sentidos.
Golpee las estacas en el suelo -- algunas tienen sonidos muy distintos. También enséfieles
que algunas tienen olores diferentes.

V. Comentarios/Sugerencias

Cuando hice esta actividad los nifios tuvieron muchas problemas, cuando hay
algunas estacas que no son parte de una pareja. Si hay tiempo seria mejor si cada persona
tiene dos oportunidades -- una con solamente parejas de estacas; otra con una mezcla
diferente.

Tamb 1 serfa bueno si el maestro deja las estacas y las vendas en la clase.
Entonces los nifios pueden jugar el juego otras veces por si mismo.

La maestra puede hacer competencias/juegos que utilicen otros sentidos también.
Esta actividad es una adaptacién de actividad C. en pagina 13de * " " nt- " ’dn.
Ideas para los otros sentidos estdn en paginas 12-14 del mismo noro.
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7.  (Cudl es lo mas comdn?
7.1. (el guajipal)
8.  (De qué trata este ensayo? (;Por qué estd escrito?)
8.1. (El autor quiere dar una breve descripcién de la vida natural de estos dos
animales y comparar los dos)
9.  (Sabe usted donde puede encontrar cocodrilos cerca de aqui?
9.1. (El Rio Tarcoles, cerca del mar)
10. ¢ Cémo los hombres usan guajipales o cocodrilos? (; Qué importancia tiene la
familia cocodrila para los hombres?
10.1. (Comercio de su piel)
10.2. (Atraer turistas)
10.3. (;Comida?)

Entonces dé a cada = upo tiempo para buscar las repuestas, antes de discutirlas. En
su discusion enfatice lo siguiente para cada pregunta:

1. Este articulo no da una buena descripcién fisica de un guajipal ni un cocodrillo.
Los dibujos son una parte integral del articulo.
2,4y 5. Lea por detalles.

3. Necesita leer cuidadosamente.

6. Andlisis

7.  Necesita inferir esta repuesta del ensayo.

8.  De qué trata indica la inclinacion del autor y por qué escribi6 este articulo de esta
mai a. = “atice que cada autor tiene su propia inclinacién.

9.  Algunos ninos pueden saber esto; también la repuesta puede dar conocimiento

de la posibilidad de gastos del turi > asociada con los cocodrilos
10. Repuestas requiren de los nifios inferir, analizar, € interpretar

V. Comentarios/Sugerencias

Esta actividad puede ser hecho con algun tipo de articulo que trata de la naturaleza.
Lo mds importante es que las preguntas incluyan procesos diferentes: busqueda de
informacién; andlisis; inferencia; interpretacion; comprension; y determinacidn de la
inclinacién del autor.

Este articulo y actividad es mds facil de "Tortuga Verde" (Leccién IVB). El maestro
puede usar los dos en secuencia o escoger uno depende de las habilidades de sus
estudiantes.
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Rica." Entonces, busque cinco repuestas de los nifios por cada cosa. Después, indic
cudl es lo mds cercana y escriba el nimero correcto en la columna. (Vea los nimeros arriba
en paréntesis)

V. Discusién:

Después, pregunte a los nifios: "Qué significan estos nimeros?” Aungue con sexto
grado es posible de determinar los porcentajes primero, con los otros grados es mejor
discutir solamente que aunque Costa Rica es un pafs muy pequefio, hay muchas especies
aqui; entonces, Costa Rica tiene una gran biodiversidad.

Después de esto, pi 1 los nifios que escriban en sus cuadernos una definicién de
"especie" y de "biodiversidad”, y una oracién que trate sobre la biodiversidad de Costa
Rica.

Entonces, pregunteles lo siguiente:

1. {Qué importancia tiene esta alta biodiversidad para Costa Rica?

Repuestas: (turismo; investigacion; medicinas; fuente de trabajo, comida, e
ingresos; y calidad de vida). Después de cada repuesta solicite comentarios o ejemplos que
amplien cada repuesta, con ejemplos locales, si existen.

V1. Tarea:

Los nifios deben investigar en grupos cada una de las razones arriba indicadas.
Deben hacer un informe que trate de como la biodiversidad de su pais es importante para
los costarricenses. Tamb 1 deben escribir como esta alta biodiversidad ayuda a la gente en
relacion con esta razén. El maestro deberia sugerir que los nifios no sol  :nte invest ien
en libros, periddicos, etc., sino también que ellos hagan entrevistas con la gente de la
comunidad.

VI1l. Comentarios/Sugerencias:

Originalmente, ensefié lecciones 1A y 1B juntos, pero observé que era mucho
contenido para los nifios. Empiece la tarea en la clase o dé a los nifios tiempo para hacerla
(al menos en parte) u "o las materiales antes citados.
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nicho -- "funcion que desempefia una especie en el ecosistema"” o "el rol de un ser
vivo en la naturaleza" (Chacén et al, p. 11)

V1. Tarea:

Los nifios deben hacer observaciones diarias de un animal que vive cerca de su
casa, anotando como se alimenta, se protege, en qué consiste su hébitat, y si puede; ;como
es su nicho?

VII. Comentarios/Sugerencias:
Si el maestro quiere ampliar esta leccién, puede tratar la actividaden * ~"i-"*" n
p. 54. También es bueno hacer una gira para hablar y ensefiarles los michos ae
aigunos animales.

A L _t7 .
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Ahora pregunteles ";De dénde viene nuestra ~~~ dulce y que pasa con ella?"
Solicite de los nifios la repuesta que viene de la lluvia. _.ra vez preginteles "; Y de dénde
viene la lluvia?" [Respuesta: los nubes] Siga preguntando hasta que los nifios hayan
d(;finidi) el ciclo del agua invertido. [Es més facil de solicitar respuestas con un dibujo en la
pizarra].

Después revise el ciclo de agua y como el agua cambia. [El agua salada en el mar es
evaporada por el sol y forma nubes. El viento sopla los nubes sobre la tierra. Los nubes
suben y como resultado €l agua cae en forma de lluvia. Alguna lluvia es usada por seres
vivos, pero parte va directamente a los rios. Eventualmente todo del agua que cay6 va al
rios y finalmente regresa al mar.]

IV. Actividad:

Ahora pidales que hagan un buen dibujo del ciclode: 1a. ™ :ben incluir en su
dibujo algunos de los usos de agua también. Déles aproximademente 20 minutos para
hacerlo, pero digales que ellos pueden terminar su dibujo en casa.

V. Discusion:

Después dibuje en la pizarra y divida
como a la derecha:
Diga a los nifios que este circulo representa hielo potar agt fresca
toda el agua que existe en el mundo, con las 4% 1%
tres partes representando los tres tipos de
agua. Pregunteles que ellos adivinen cudl
parte representa cual tipo de agua. Entonces
enséfieles que casi 95% representa agua
salada, 4% representa el agua en casquetes
polares , y s6lo 1% representa agua dulce.
Discuta con los n s las implicaciones de
estos hechos, en relacién con nuestros usos
del agua (principalmente el uso de agua dulce
para muchas cosas). E " ice con ellos el gran
efecto de contaminacion de agua dulce y la
necesidad de mantener nuestra agua dulce

limpia.

VI. T
1. Los nifios deben terminar su dibujo y escribir una explicacién del ciclo de agua.
2.  Ellos deben escribir un cuento que trate de la historia de una gota de agua.
3. Ellos deben responder a la siguiente pregunta: ";Si el clima de la tierra esta

calentandose, como algunos cientificos piensan, cuéles podrian ser los efectos
para el mundo y para los seres vivos, y especificamente, cuales podrian ser los
efectos para Costa Rica?"

VII. Comentarios/Sugerencias:

Si el maestro quiere hacer otras actividades en relacién con el tema de agua, hay
otras leccionesen *© 7 4 pps. 17-25.
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VII. Cc ntarios/Sugerencias:

El maestro puede demostrar la habilidad de las plantas para purificar el aire. Coloca
una bolsa plastica completamnte alrededor de una planta. En algunos dfas los nifios pueden
ver esta planta y anotar que ha pasado. [La planta puede sobrevivir porque ella respira
oxigeno; bota diéxido de carbono; y usa diéxido de carbono para producir oxigeno].

También el maestro puede hacer un terrario que tenga animales pequefios asi como
plantas. Aunque el terrario esté cubierto completamente, los seres vivos pueden sobrevir
porque hay un intercambio continuo de O3y COx;.
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IV. Actividad:

Digales que ahora deben ir fuera de la escuela y anotar en sus cuadernos los
diferentes relaciones entre poblaciones que ellos pueden observar. ~"los deben ser tan
especificos como sea posible. Déles 10-15 minutos, y aytdeles si necesario.

V. Discusién:
Después discutan los ejemplos y clasifiquen cada uno segtin los cuatro tipos.
Hagan esta clasificacién juntos y escriba en la pizarra.

VI. Tarea [Probab nente es mejor hacerla er —upos]:

1. Los nifios deben buscar un pequefic ..gar en su pueblo (un potrero, una finca,
un rio, etc.). Ellos deben demarcar parte de este (al menos aproximademente 3
metros cuadrados).

2. Ellos necesitan hacer una lista de los diferentes poblaciones que encontraron
dentro este lugar (Si es posible traten de distinguir un poco -- en vez de
"mariposa," anoten "mariposa verde" o "mariposa negro y rojo," etc., si no
saben los nombres exactas).

3. Anoten las relaciones dentro de las poblaciones que observen, y clasifiquenlas.

VI. Comentarios/Sugerencias:

Aunque puede ensefiar esta y la proxima leccién juntas, creo que es mejor
separar  De esta manera es mds fécil de "construir" el concepto de ecosistema poco a
poco.
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1. Paracada ecosistema los nifios necesitan escribir:
a) 10 cosas bidticas (nombres especificos) que viven en este ecosistema
b) 5 relaciones antagdnicas (especificas) dentro de este ecosistema
c) 3 relaciones simbidticas (especificas) dentro este ecosistema
[Enfatice que los nifios necesiten usar nombres especificas y que no pueden
usar mas de dos ejemplos de alguna de las nueves diferentes relaciones.]

2. Haga un dibujo de su ecosistema. Escriba los nombres de las cosas en su
dibujo.

v .. Comentarios/Sugerencias:

Si quiere puede introducir la palabra "inquilismo." Este es el tipo de comensalismo
en que el hogar de un ser vivo es dentro de otro. No he incluido porque no estoy seguro
que significa "dentro" -- ;dentro del cuerpo fisicamente (;en las celulas?) o es un nido
dentro del 4rbol en este sentido?

Para una breve explicacién de las més importantes relaciones, vea Sant:  la.
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Cuando los nifios entienden el juego, puede hacer mds dificil si limita el tipo de
relacion (por ejemplo, una relacién de comensalismo, de pastoreo, de competencia, etc.).
[Es posible que necesite ayudarlos algunas veces].

Cuando todos han tenido al menos una oportunidad, digales que ahora nosotros
hemos construido una red que ensefia muchas de las relaciones que existen dentro de este
ecosistema. Esta red incluye la red alimenticia que ya han estudiado, pero es més grande y
mucho més complicada; como podemos ver. Antes de desenredor el hilo sugiérales que
estudien la red y respondan a estas preguntas -- ;Cudles cosas en este ecosistema parecen
ser las més importantes? / ; Cuéles los menos? Puede preguntar también, ; Qué pasa si una
parte de este ecosistema es daflada o contaminada?

Después de discutir, desenreden el hilo poco a poco repitiendo cudles eran las
relaciones en cada parte de la red, pero en orden inverso hasta que hayan llegado al
principio.

V. Discusion:

Después de regresar al aula, revise las preguntas de arriba. ;Cudles parecen ser las
mds importantes partes de este ecosistema? ;Por qué? ;Qué puede ocurrir si hay dafio
/contaminacion /una reduccién grave (o un aumento grande) en los nimeros de alguna
cosa?

Enfatice que en la realidad es mucho mas complicado, porque en vez de individuos,
como en nuestro juego, hay poblaciones de individuos. Finalmente, digales que
"normalmente” las poblaciones de un ecosistema se quedan relativamente estables si no hay
cambios rapidos en el ecosistema. Nosotros llamamos este concepto de estabilidad en la
naturaleza "Equilibrio Biolégico."

VI. Tarea:
1. Losnifios deben ar sus lugares marcados (los mismos de Leccion 12) y
anotar todos las reiaciones, -7~ “bsery~-y clasificar las relaciones por tipo.
2.  Desde que todo el mundo esta cambiando, incluyendo la naturaleza, ;Qué
piensa usted: en verdad existe equilibrio biolégico o no? Escriba un pérrafo o
m4s en que examine este tema.

... Comentarios/Sugerencias:

Es posible que sea mejor de jugar el juego dentro de la escuela. Cuando hay mucho
sol o mucho calor, es " ”:il mantener la participacién de los nifios por demasiado tiempo
con esta actividad, y podria perderse la parte de preguntasy el desenredar de la red, que es
muy valiosa.

También, es probable que necesite explicar la segunda tarea con algunas preguntas
antes que tratan de erupciones volcénicas, erosion, terremotos, sedimentacidn, etc. La
segunda tarea es para estimular la discusién en la proxima leccion.
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1. Busque ayuday lea la etiqueta.
2. Use ropa protectora.
3.  Lévese bien después de usar plaguicidas.
4.  Guarde los plaguicidas fuera del alcance de los nifios.
5. Use plaguicidas como tltimo recurso.
VI. Tarea:

La proxima clase tratard del problema de la basura. Para preparar para esta clase,
los nifios deben escribir una redaccién del tema de 1a basura que incluye, al menos, lo
siguiente:

1 ({C6émo es el problema de la basura en su pueblo? en Costa Rica?
2.  (Coémo podemos solucionarlo?
3 (Cudles cosas puede hacer usted para mejorar la situacion?

VII. Comentarios/ Sugerencias:

He incluido copias de algunas etiquetas y anuncios que usé en mis clases y también
la hoja de preguntas. Aunque las respuestas, son relativemente faciles, es importante que
enfatice: nosotros ¢ )s ~~" cudles son los mds tdxicos porque los anuncios no
son etiquetas. Su propostto es romentar su deseo de usarlo, y entonces es posible y
probable que ellos omitan -- no incluyan -- toda la informacién de las etiquetas.

Puede preguntar a un almacén que vende plaguicidas, si ellos tienen algunas
etiquetas y anuncios. Haga sus propias preguntas dependiendo de la informacion que
pueda obtener. (Es mejor usar etiquetas verdaderas en vez de copias -- si necesita usar
copias indique los colores de alguna manera.

Este tema « 1 para dramatizaciones, titeres, etc. Un ejemplo de una
dramatizacion estd bi¢c - © 77 p. 84-5, pero puede hacer su propia idea.
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(Cudl es el nombre genérico de Graminex 20%?

(Cudles de estas plaguicidas son herbicidas?

(Cudl plaguicida es lo més toxico?

(Cudles de estas plaguicidas son t6xicos?

. Cudles de estas pueden usar para cafe?

¢ Cudles son los primeros auxilios en caso de ingestién de Tordon 101?

(Cuando no deberia provocar el vomito en caso de ingestion de Graminex 20%?

(Para cudl plaguicida no hay restriccion en cuanto al periodo de reingreso al area
tratada?
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V. Discusion:

Pidales a los nifios cudl es la mejor manera de disponer en su lista de cada tipo de
basura. Discutan porqué. Enfatice que paraellosy sucom lad lo mejor, para muchas
cosas inorganicas, es reutilizarlas, y si no, deben enterrarlas. Expliqueles la importancia
de los 4 R's -- rechazar, reducir, reutilizar, y reciclar, y que ellos deben tratar de seguir
éstas en orden. [Reciclar debe ser la tltima opcién]. Finalmente discutan que la fuente del
problema es el uso de muchas cosas inorgénicas en nuestra sociedad -- plasticos,
especialmente, y que la solucién de este problema son leyes que prohiban su uso o al
menos lo reduzcan.

VI. Tarea:
1. Los nifios deben escribir uno o otra:
a. uncuento en que la gente no trata en una buena manera de su basura y
necesitan confrontar la consecuencias de su negligencia.
b. una descripcion de una sociedad que trata en una buena manera con su
basura.

VII. Comentarios/Sugerencias:

El maestro puede iniciar (o seguir) esta leccién con una breve recolecién de basura,
antes de clasificarla. Ensefie la gran cantidad de pldsticos y otros cosas inorgénicas que
ellos tenfan.

Puede usar esta leccién como impetu de una camp 1 de limpieza, recoleccion,
clasificacion, o reciclar de basura en la escuela o en la comunidad. También puede empezar
un proyecto de hacer abono orgénico.

Puede seguir esta leccin con cartas a las autoridades que tratan del problema.

Una obra de titeres es muy buena para esta tema. Puede usar "Carlos Conservacion
Contra la Contaminacién” o puede simplificarla (Yo cambié esta obra de manera que son
solamente dos titeres), o escribir su propia obra.
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I.  Objetivo:
Los nifios aprenderan el uso -- bueno y malo -- de las tierras con pendientes. Ellos
demostra ~ u aprendizaje al dibujar el uso correcto de un lugar determinado.

II. Materiales:
1. pizara, tiza (de diferentes colores)

II1. Introduccioén:
Antes de clase dibuje en la pizarra una cosa asi:

Figure 33. Finca para vender

Diga a los nifios. "Esta es mi finca. Tenia muchas vacas, pero ya vendi todas. Mi
finca tiene una naciente y una pequefia quebrada. Mi suelo esta demasiado agotado y soy
viejo. Quiero vender mi finca a ustedes."

Forme grupos de nifios y digales que cada grupo necesita deci ™ cudles tipos de
cultivos va a sembrar, cudles tipos de drboles, y si van a tener animales o no. Después,
ellos necesitan dibujar en su finca dénde van a ubicar estas cosas.

IV. Actividad:

D¢ a cada grupo tiempo para discutir, mientras que dibuje otras representaciones de
la finca, una para cada  1po.

Después déles iempo para dibujar su plan de cultivos para la finca. Asegirese que

todas participan. [Es probable que ellos quieran usar tizas de diferentes colores para su
dibujo.]

V. Discusion:

Después, discutan sus ideas. Asegtrese que ellos entiendan la necesidad de
proteger la naciente. [No deben sembrar drboles frutales arriba, si ellos necesitan el uso de
pl 1icidas, por ejemplo.]

VI. Tarea:
Revise su plan para esta finca para evitar problemas de contaminacion, alta erosién
del suelo, etc. y dibuje un nuevo plan en su cuaderno.

VII. Comentarios/Sugerencias: .
Por supuesto, el maestro puede modificar el dibujo de "su finca," dependiendo de
coémo estd el terreno en su comunidad.
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{Como van a empezar/financiar este proyecto, y dénde va a ubicarse?
¢Cudles son las ventajas de este proyecto?

¢ Cudles podrian ser las desventajas de este proyecto?

¢ Coémo podrian evitar este desventajas?

AN =

Déles tiempo para planear.

IV. Actividad:
Cada grupo debe presentar sus planes para su proyecto, ubicar su proyecto en el
mapa y responder a algunas preguntas del resto de la clase.

V. Discusion:

Después de la discusién de cada proyecto, el maestro puede empezar una discusion
general del desarollo sostenible. Enfatice que cada tipo del proyecto tiene ventajas y
desventajas. Tamb 1, enfatice que es posible que ellos usen el bosque para madera. pero
si ellos lo usan para madera, necesitan reforestar al mismo tiempo y posiblemente empezar
un programa de reforestacién en otros lugares también para proveer mas madera.

Finalmente, enfatice, si la gente no tiene otra opcién de empleo, ellos van a usar los
productos del bosque, de alguna manera. Lo importante es que hay controles para prevenir
la destruccién total del bosque.

VI. Tarea:
I. A" nas personas han sugerido que los recursos de los Parques Nacionales
deban ser usados por los hombres (por _ nplo, madera, oro, etc.). ;Qué
piensa usted? Escriba un informe que trata de su opinién en esto aspecto.

VIL. Comentarios / Sugerencias
Es probable que los IlIHOS vayan a neces1tar ‘ayuda para pensar en las opciones.
’ A A 1

Orier*~~**- Pede ic-*''e ‘iene otras
ideas ae como pucuc roaucir y aiscuur esta elua.

289







































9.
10.

Construction of the concept of a geologic record and establishment of the
relation between sedimentary rocks and the fossil record and evidence of
past life.

Investigation concerning fossils, their formation, and importance in the
record of life.

Determination of the importance of the geologic record, as an archive and
reservoir of facts, phenomena, and processes related to the dynamism,
transformation, and evolution of the planet, including life (the history of the
Earth).

Comprehension of the hypothesis for the evolution of the planet, as well as
the formation and changes that the atmosphere has undergone up to the
present.

Description of the characteristics of the Age of the Dinosaurs.
Investigation of the possible causes for the extinction of the dinosaurs and
hypotheses advanced to explain it.

Deter ration of the reasons why human beings have achieved their present
development, the actions, and the effects of their actions on the global
environment of the planet.

Deter ° ation of the conditions necessary for life on the planet.
Establishment of the similarities and differences of the Earth with other
planets of the Solar System.

¢. Valnas and attitudes. The student:

1.
2.

-lkw

..splays curiosity about the evolution of the Earth and its betterment both
for the natural and social order.

Appreciates fossils for their value as reservoirs of the history of life on the
Earth.

Shows creativity, spontaneity, and interest in the work she does.

Values the presence of humans and their actions on the planet.

d. Crlterla for evaluation. The student:

1.

Rl

Names the principal changes occurring on the planet Earth and explains the
importance of the fo. ™ record.

Display in creative form work on the evolution of the planet.

Name the principal characteristics of the / > of Dinosaurs and possible
causes for their extinction.

Enumerate the reasons for the presence and domination by humans and their

effects on the planet.
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Construccién de conocimientos acerca de la estructura externa e interna de la
tierra.
Construccién del concepto de hidrosfera y establecimiento de la importancia
que tiene en nuestra vida.
Comunicacion de los conocimientos adquiridos acerca de la estructura y
composicién de la atmdsfera.
Investigacion de la importancia de la capa de ozono para los seres vivos.
Desarrollo del concepto de presion atmosférica.
Dife  :iacién del tiempo atmosférico y del clima y reconocimiento de la
influencia de ellos en las actividades humanas.
Demostracién de dominio de las medidas de seguridad ante desastres
naturales.
Identificacién de las principales capas * “2rnas de la tierra (mediante la
utilizacion de esquemas) y determinacion de algunas de sus caracteristicas.
Valores y actitudes. El estudiante:
Asume la responsabilidad de cuidar y proteger el planeta en que vive y
promueve acciones tendientes a su logro.
Valora la importancia de la hidrosfera para la vida y tome decisiones para su
proteccion.
Aprecia los beneficios que brinda la atmésfera.
Acepta la responsabilidad de cuidar la capa de ozono.
Conoce el efecto de la presién 2°  sférica en los fenomenos naturales.
Identifica los efectos positivos ¢ ofrecen las condiciones atmosféricas a los
Seres vivos.
Aplica medidas preventivas y de seguridad ante inundaciones, huracanes,
deslizamientos, y otros desastres naturales.
Analiza y sigue las instrucciones er  ‘eria de prevencidn y seguridad ante
los desastres naturales. |
Demuestra interés por conocer la estructura inte  de la tierra.
Criterios de evaluacion. El estudiante:
Justifica con razones la importancia de la hidrosfera y expresa el concepto.
Enumera algunas ventajas del agua en la vida del planeta.
Justifica con razones la importancia de la atmdsfera.
Explica la importancia de la capa de ozono.
Aprende el concepto de presién atmosférica.
Desarrolla los conceptos de tiempos atmosférico y clima, reconoce la
diferencia.
Promueve acciones positivas para evitar la contaminacion de la atmésfera.
Comenta algunas medidas preventivas y de seguridad que debe conocer todo
nifio. ,
Nombra y reconoce en esquemas las diferentes capas internas de 1a Tierra.
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Valores y actitudes. El estudiante:
Toma conciencia de que las actuaciones del hombre deben estar acorde con las
leyes de la naturaleza.
Toma conciencia de los factores que contribuyen a la sustentabilidad social,
ambiental, econémica y productiva.

Criterios de evaluacion. El estudiante:
Explica el concepto de equilibrio ecoldgico.
Cita causas y efectos del desequilibrio ecoldgico.
Explica como las.acciones del hombre deben respetar las leyes de la
naturaleza.

3. Contenidos. Actividades humanas fenomenos naturales y su
imnacto sobre el ambiente.
emplos: urbanizacién, deforestacion, plantaciones, turismo, caza y pesca no

controlada, lluvia 4cida, contz “1acién por plaguicidas, basura, huracanes,
1nundacmnes deslizamientos de tierra, incendios forestales, otros.
Consecuencias para las plantas y los animales locales y migratorios de la
modificacién y destruccion de los habitats,
Acciones de proteccién al ambiente. Ejemplos: respeto y proteccién de los
parques nacionales, reservas biol6gicas y otras zonas protectoras, evitar la
extincion de especies, evitar la contaminacion ambiental, participacion en
campafias para evitar la deforestacion, otros.
Importancia de los parques nacionales y de las zonas protegidas.

Procedimientos.
Investigacion y presentacion creativa de algunas actividades humanas y
fendmenos naturales que alteran los hébitats.
Descripcion de las consecuencias para los seres vivos, de la destruccion de los
hébitats.
Mencion de algunas acciones personales y gubernamentales para la proteccion
del ambiente.
Determinacion de algunas acciones que puede y debe ejecutar a nivel personal
y colectivo en procura de la proteccién del ambiente.
Investigacién de la importancia de los parques nacionales, las zonas
protegidas y las instituciones dedicadas a velar por la proteccién de las
especies y sus hébitats.

Valores y actitudes. El estudiante:
Comparte la informacién obtenida.
Toma conciencia de actividades humanas y fenémenos naturales que alteran y
destruyen los hébitats y de las consecuencias para su propia existencia y la de
otros seres.
Valora, conserva y defiende el mcdio ambiente y el p:* ~  »nio natural «
pais.
Manifiesta creatividad y disposicién favorable al participar en ¢ afias que
promueven el respeto y la proteccion por las areas protegidas, asi como con la
ejecucion de acciones con las que se pretende d”  “nuir el impacto de la
humanidad sobre los hébitats.
Aprecia el papel que desempefian las zones protegidas en la conservacion del
patrimonio natural para las generaciones futuras.

Criterios de evaluacion. EI estudiante:
Sefiala las principales causas naturales y actividades humanas que alteran y
destruyen los hébitats.
Deter ~ 1los riesgos y la problemadtica que producen las actividades humanas

y los tendmenos naturales.
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Nombra las principales caracteristicas de la era del dominio de los dinosaurios
y posibles causas de su extincién.

Enumera las razones de la presencia y dominio del hombre y sus efectos en el
planeta.
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