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INTRODUCTION

Science and technology has transformed the life and helped the man to improve the
quality of life by: increasing life expectancy, controlling diseases and hence mortality
rate, decreasing large scale famine, which can decimate population by making
availability of new sources of energy.

However, all this could not be achieved without economic development for which, it is
believed, development in science and technology are indispensible. This unit reviews the
links between science and economic development.

The first section of this unit analyses the link between science and progress. The unit
reviews as to how development in science results in the development and progress. The
unit reviews as to how development in science results in the development of technology.
The second section discusses the link between progress of science and economic
development. The last section of this unit reviews the factors responsible for
globalization of the concept of science education for economic development.

OBJECTIVES
After reading this unit you will be able to:
1.  know about progress of science.
2 understand the concept of science and economic development.
3. social implementations of science and science development.
4 know the importance of globalization and science education for development.
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8.1. Science and Progress

Several philosophers of science have supported arguments that the progress of science is
discontinuous. In that case, progress isn't a continuous accumulation, but rather a
revolutionary process where brand new ideas are adopted and old ideas become
abandoned. Thomas Kuhn was a major proponent of this model of scientific progress, as
explained in his book The Structure of Scientific Revolutions.

This is especially supported by studying the incommensurability of theories. For
example, consider Newtonian mechanics and relativistic mechanics. From a strict vantage
point, in Newtonian mechanics mass and energy are always conserved, where in
relativistic mechanics energy and mass are always interchangeable. (Note the difference
between the strict vantage point, and the layperson's vantage point that Newton's theory is
applicable at low energies and low velocities relative to the velocity of light.) Because the
theories are completely incompatible, scientists using one paradigm will not be able to
discuss meaningfully with scientists from the other paradigm.

A discontinuous model of scientific progress may disagree with a realist's construction in
the philosophy of science. This is because the intrinsic nature of the objects referred to
may change wildly.

Science is often distinguished from other domains of human culture by its progressive
nature: in contrast to art, religion, philosophy, morality, and politics, there exist clear
standards or normative criteria for identifying improvements and advances in science. For
example, the historian of science George Sarton argued that “the acquisition and
systematization of positive knowledge are the only human activities which are truly
cumulative and progressive,” and “progress has no definite and unquestionable meaning
in other fields than the field of science” (Sarton 1936). However, the traditional
cumulative view of scientific knowledge was effectively challenged by many
philosophers of science in the 1960s and the 1970s, and thereby the notion of progress
was also questioned in the field of science. Debates on the normative concept of progress
are at the same time concerned with axiological questions about the aims and goals of
science. The task of philosophical analysis is to consider alternative answers to the
question: What is meant by progress in science? This conceptual question can then be
complemented by the methodological question: How can we recognize progressive
developments in science? Relative to a definition of progress and an account of its best
indicators, one may then study the factual question: To what extent, and in which
respects, is science progressive?

8.2. A Critical Appraisal of Science for Economic Development

Expert advice and lay-notions regard science as an essential social institution: science is a
necessary element of modern education; it is a building block for personal and social
development, and its products advance human society and offer prosperity. Science is also
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considered as an integral part of modernity, of advanced nations and of enlightened and
civilized socicties. We judge nation-states by their scientific performance or by their
utilization of technology. We compare societies by their level of scientific literacy or by the
number of great inventors from their ranks. We observe that the more advanced societies
are those with most advanced science institutions, and, thus, we conclude that science and
national progress are causally linked. Scientific progress rests on scientific knowledge and
scientific skills; hence, science education is essential to future scientific advances and to, in
turn, economic prosperity. Consequently, in our everyday life we assign science education
the social role of bringing progress to society, especially to the most needy of societies.
This social role of science education is taken-for-granted: we assume it as such, we act
upon it, and rarely do we question our opinion of science education. I suggest that we pose
to reassess our standing towards science education and towards the social role that we
assign to it In this chapter I offer some evaluations of our everyday notion of science
education and of the translation of this everyday belief into social policy.

8.3. Social Constraints in Implementation of Science Development

The natural environment functioning through an entangled network of interactions must
be dealt with an integrated perspective (Bower and Turner 1998). Because integrated
environmental concepts are rather recent, scientific tools available for the holistic
understanding of environmental processes are still scarce. Progress towards integration
requires new scientific approaches to ensure sustainability of resources and to attain the
necessary integrated management (Healey and Hennessey 1994).

Coastal areas include sensitive environments (deltas, estuaries, etc.), which are subject to
changes occurring on land and in the sea. The ideal management of these regions should
include the whole area extending from the watersheds of the hydrographical basins to the
external limits of the Exclusive Economic Zone (GESAMP 1996). However, there are
rare successful examples of managing such large areas since various factors interfere in
the process, as for instance: poor intergovernmental, intermedia, intersectorial and
interdisciplinary integration (Knight and Archer 1993); poor governance initiatives, lack
of reliable data (Olsen 2001).

In addition, uncontrollable anthropogenic factors which are remarkable in developing
areas, as for instance, population expansion and increasing trends of coastal occupation
(Cohen et al. 1997, Along 1998) interacting with the complexity of the natural
environment may undermine predictions (planning) as well as the outputs of management
and conservation actions. Sustainability is especially sensitive to changes in demand upon
natural resources (Pearce and Turner 1990) that, in turn, are strongly driven by these
factors that are difficult to manage. Policymakers and managers in developing countries
are continuously confronted with such uncertainties while proceeding often unaware of
the benefits derived from an effective interaction with the science sector (Schwarzer et al.
2001) at an early stage of planning.
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The present paper reviews and discuss two key factor witch impair the implementation of
effective coastal management programmes in developing countries: the lack of
monitoring strategies capable of increasing access to reliable knowledge, and barriers to
the dissemination of scientific information needed to achieve outputs from national and
international actions aiming at coastal conservation.

Existing monitoring regimes / actual needs in developing world coastal areas

Lee (1993) proposes that integrated coastal management rely upon two pillars, the
governance process and the reliable knowledge about the ecosystem functioning. In
developing countries, information on the status and properties of the coastal
environments are scarce. Actions towards mitigation and conservation cannot depend on
the initiation of long-term data acquisition through scientific surveys which should have
been conducted in the early stages of coastal occupation. However, properly designed
monitoring activities carried out as a component of adaptative management may provide
a substantial fraction of the required knowledge (Lee 1993).

Monitoring is a continuous process in time providing basis for evaluation and correction
of management actions (Davenport 2003). The high costs associated to traditional
methods of monitoring are constraining the use of continuous environmental observations
in developing countries. Most frequently adopted procedures - often unsystematically -
add very little information on the ecological integrity of the system under observation.

The recently introduced watershed management approach implies monitoring at medium
scales (Boesch 1996) - for instance, a whole hydrographical basin as opposed to a single
river or bay - a task that requires the development of observation and control systems
effective at these scales. The geographic magnitude of on going internationally funded
activities in developing countries, as those in the S3o Francisco River Basin in Brazil
(640,000 km® of area) (United Nations Environmental Programme (UNEP)/Global
Environmental Facility (GEF) Project: Integrated Management of Land Based Activities
in Sdo Francisco Basin) and in the Pantanal Upper Paraguay Transboundary River Basin
(496,000 km®of area) (UNEP/GEF Project: Integrated watershed management
programme for the Pantanal and Upper Paraguay River Basin), imposes the
implementation of complex monitoring arrays. In the case of the Sdo Francisco River the
construction of five dams endangers coastal stability and natural habitats in view of the
steady reduction in sediment supply to the estuarine region, the decrease in water flow
and changes in the flood regime (Medeiros and Knoppers, unpublished data). In spite of
the existing scientific information demonstrating severe water depletion in this basin due
to diverse uses, a programme has been considered to transpose water from the Sao
Francisco River to a large and poor arid region in the Northeast of the country.

The feasibility of this programmer strongly depends upon including the Tocantins River
Basin (Araguaia-Tocantins Basin - 800.000 km?) in the management plan of the Sdo
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Francisco, in addition to the reallocation of water resources and users coupled to a new
policy for water distribution. In both basins, since anthropogenic activities also induce
water contamination (mercury, pesticides, nutrients, trace metals) and decrease in water
quality, an array of technical, social and legal interventions must be built in targeting the
reduction of inputs and the introduction of monitoring. Evidently effective monitoring
requires implementation of a robust observation network and adoption by all enrolled
institution of common scientific approaches and standardized quality assurance practices.

Conventional water quality standards originally established for temperate environments 30
to 40 years ago have been later adopted in many developing countries as guidelines to
evaluate environmental conditions in coastal areas and to design monitoring programmers.
Besides providing poor performance in coupling, for example, measured pollutant
concentrations to a specific response in the ecosystem these standards are inadequate to
identifying trends derived from continuous exposition to low or moderate levels of chronic
stresses which may adversely affect biodiversity. There is an urge for revision of
monitoring strategies as to include scientific tools (USEPA 2002) that: (1) are capable of
providing information on adequate (or desirable) levels of environmental conditions and/or
on changes in sustainability (or in the carrying capacity); (2) respond to early signs of
alterations; (3) are flexible and robust as to be applicable under different settings.

Often environmental scientists are unable to provide managers and policy maker with fair
estimates of "how much is too much" in terms of contamination (Cicin-Sain and Knecht
1998). This limitation has contributed to delaying the establishment of environmental
thresholds and criteria based on actual knowledge.

For decades the sea was considered as the ultimate sink for sewage, litter and toxic
residues. Although this view has progressively changed over the last 15-20 years often in
developing regions financial limitations allied to poorly prepared personnel enrolled in
managerial activities have led to continuing the practice of releasing wastes directly in
estuaries and coastal areas. There is little awareness of inadvertent potential risks
imposed by "traditional" sources of contamination, as for instance the domestic sewage.

The development of powerful analytical and assessment techniques in the last 20 years led
to a significant advance in understanding of the complex composition of a number of
contamination sources, and the dependence of cause-effect relationships on specificity of
the source, of the contaminant, and of the recipient water body. This knowledge has not
been fully integrated either in the management routine or in designing monitoring activities.

In many areas of the developing world, raw domestic sewage is directly delivered into
coastal waters by means of submarine outfalls. Frequently drainage waters are also
collected by such installations. As for the major sewage components, coastal dynamics
may be sufficient to reduce nutrient concentration in recipient waters to an acceptable
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level but nitrogen species delivered by sewage (ammonia and urea) differs from the main
nitrogen species (nitrate) in the ocean. This changed speciation superimposed to
alterations in the nitrogen/phosphorus ratio leads to changes in ecological structure and to
surges of unwanted opportunistic species (Smayda and Shimizu 1993). Although the bulk
nutrient concentration may turn out within acceptable levels in dynamic coastal areas, the
changing nutrient speciation and its ecological consequences may lead to ranking the
resulting environmental risk as "too much".

For the manager and decision makers in developing countries the main concern is to give
a final destination to waters enriched in nutrients, organic matter and pathogens with the
lowest possible investment. In general, little, if any, attention is given to the complex
composition of urban sewage and the associated risk of releasing persistent toxic
substances or resistant micro organisms in the sea (Goldberg 1993).

In the large urban centers, drainage waters carrying polycyclic aromatic hydrocarbons,
trace metals and pesticide residues are discharged through submarine outfalls or other
discharge systems in association with the domestic sewage that also contain harmful
substances (antibiotics, hormones, pesticide residues, chemicals used in household,
cosmetics, etc.; some of them cannot be effectively removed by conventional treatments
when those are at all available). Some of these substances are suspect to act as endocrine
disrupters (Lye et al. 1999, Jobbing et al. 1998) and little is known about the long-term
effects they may have upon the marine biota, even at low concentrations.

In the coastal area of Rio de Janeiro, Brazil, the two decades of a submarine outfall
operation resulted in the buildup of trace metal contamination in the surrounding waters
(Wagener et al. 1992) and in the biota (Franconia et al. 2004) that eventually may return
to man through the food web. Sediments contain polycyclic aromatic hydrocarbons
(PAHs) at levels (256 ng.g’'; unpublished data) comparable to those reported for the
heavily industrialized area of the Rhone (Lipitor and Saliot 1991).

It is true that frequently poorer urban areas are not even served by sewage collection
systems. In this case rivers, channels and drainage water contaminated with pathogens
may flow with peak intensities during the tropical rain season directly into beaches and
recreational waters. This is a severe threat to public health in urban centers, as in Rio de
Janeiro, where beaches are a preferred recreational option for hundreds of thousands.
Water quality control based on E. coli counting, when present, may have minor impact in
prevention of enteric diseases because of the usual long time lag between sampling and
releasing balneability information to the public.

Last but not least, it is well known today that a number of virus and bacteria may survive

longer in seawater than expected earlier when recreational water criteria were solely
based on faecal coliforms. Health risk related to bathing in contaminated seawater or
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eating raw seafood may be, therefore, greater than presumed (Murray and Lopez 1996,
CGER 1999). In this concern more adequate criteria must be tested in developing regions
and adopted to protect human health (WHO 2003).

A serious barrier to management of coastal areas in developing countries arises from lack
of funding mechanisms to support the acquisition of time series data and continuous
monitoring. Data collection often fragmented fails in the necessary robustness to support
trend recognition and forecasting.

Also in the industrialized countries, the relatively late implementation of continuous
observation activities at the national and regional levels resulted in the scarcity of long
term data characterizing cross-interactions among contaminants/anthropogenic induced
stresses, natural variations, and the ecosystem (Rabelais et al. 2000).

A successful example of continuous observations is the National Status and Trends
Program established in 1984 to provide long term dataset to track changes in the US
coastal environmental quality. This programmer includes two on going projects, The
Mussel Watch Project and the Bioeffects Assessment Project, and the Benthic
Surveillance Project terminated in 1993. The two on going projects aim at monitoring
organic and inorganic contaminants in sediment and bivalve samples from coastal waters
of US as a basis to identifying risk areas. The importance of long term observation is
highlighted by the conclusion drawn that it was possible to determine existing
environmental trends only for sites at which six or more years of data are available
(Lauenstein and Canutillo 2002).

In the developing countries long term observations are virtually absent although they are
vital to understanding the chronic effects of pollution and other disturbances upon the
aquatic ecosystems.

For instance, the long term effects of eutrophication are little known although nutrient
enrichment is a major problem of global importance because of the effects on the
metabolism of aquatic systems (Kemp et al. 1997). The immediate responses to increased
nutrient load, as the decrease in dissolved oxygen, tendency to hypoxia and appearance of
alga blooms are well documented (Officer et al. 1984, Rebello et al. 1988, Turner and
Rabalais 1994, Balls et al. 1995, Hogarth et al. 2000). More difficult to access are the
long-term effects upon species at several tropic levels and the losses in biodiversity for
which the economic consequences must still be quantified. A strong example of such
alterations occurred in Guanabara Bay, an urban estuary in Rio de Janeiro, Brazil, where
eutrophication has often led to the surge of unwanted toxic algae species followed by fish
mortality and to a major contribution of cyan bacteria to the algae pool (Valentin et al.
1999). Nowadays, gastropods (Stramonita hematomas) and molluscs (Pena perna) cannot
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be found in the inner and most contaminated regions of the bay where they were
abundant in the past.

Recent investigations in sediment cores showed an additional but less obvious change in
Guanabara Bay, a 10-fold increase in the sedimentary carbon and nutrient pool that
occurred over the last 50 years (Carriers et al. 2002) as resulting from the increment in
carbon fixation allied to high sedimentation rates (1-2 cm.year'). Time trends of
coprostanol, a faucal molecular marker, and other sterols recorded in dated sediment
cores confirmed the link between these increments and the increasing sewage
contamination in Guanabara Bay (Carriers et al. 2004).

Geochronological investigations, as these cited above, have been useful in elucidating
trends and past environmental conditions (Valetta-Silver 1993). Recent advances in the
field of organic geochemistry may credit new dimension to investigations aimed at
understanding time changes in species dominance and alterations in the productivity/
respiration ratio resulting from eutrophication. Chemical molecules reasonably well
preserved in sediments that can be traced back to original substances produced by
specific organisms - bacteria, cyan bacteria, diatoms, din flagellates, etc - (Bianchi and
Cancel 2001, Zimmerman and Cancel 2002, Carrier et al. 2002) appear as powerful tools
in monitoring these changes. Investigations applying such tools in dated sediment cores
are capable of reproducing trends derived from increased nutrient loads and demographic
growth. In very altered coastal ecosystems, for instance, this information allied to
statistical data on source intensity and demographic/agriculture growth are essential for
the understanding of threshold levels that triggered substantial or even irreversible
changes. Managers should make use of such information to support objective decisions
on the appropriate/desirable carrying capacity that must and can be recovered, and
estimate the necessary investments.

A substantive problem in tropical coastal systems is the increase in sedimentation rates
due to deforestation and improper soil management/ occupation (Rebelled et al. 1986,
Godoy et al. 1998). The increased sedimentation poses at least three major problems: the
loss of habitat, the decrease in recreational and economically useful area and the
increment of toxic substances stored in sediments (Charles and Hits 1987, Cleverly et al.
1996). Geochronology also aids in estimating fluxes from contaminated sediments that
may be an important supply of nutrients, as forecasted for Guanabara Bay (Rebello et al.
1988), and toxic substances long after the land sources have been reduced. Decisions on
the use of expensive but safe procedures of removing contaminated sediments and
rehabilitating silted areas should be based upon this source strength knowledge as to
evaluate cost/benefit. Environmental liabilities maybe estimated from such observations,
and reductions in sediment loads in response to reforestation program or to adequate soil
management can easily be verified.
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Promising Monitoring Technologies for Coastal Areas

The conventional environmental indicators (BOD, dissolved oxygen, bulk nutrient
concentration, particulate matter, faucal coli forms) most frequently applied to monitor
areas subjected to domestic sewage inputs do not address the above issues. They also fail
in expressing vital systemic changes in the environment and the consequent impact on the
biota or the actual risk to human health (Paul et al. 1997). This is a common limitation of
most environmental indicators under current use, which are solely based upon monitoring
concentration changes in environmental compartments.

The biomarker concept that advanced rapidly over the last decade may become a useful
tool in the observation of systemic changes occurring in marine ecosystems and,
therefore, in coastal management. The concept is based on biological or/and biochemical
expressions appearing as a response from organisms to exposure to contaminants and
other environmental stresses (Deplete and Fossil 1994, Deplete et al. 1995, Fossil et al.
2000). The great majority of the already tested biomarkers respond to more than one
group of stressing forces, and the more specific the tests the higher are the costs of use
and technical expertise required. There are, however, robust biomarkers that are suitable
indicators of stressing environmental conditions although less intensive on costs/technical
expertise. The micronucleus assay (Brunette et al. 1998) that responds well to exposure to
carcinogenic substances and the non-specific lysosoma assay (Cheung et al. 1998) are
some examples of tests that may suit well conditions in developing countries.

Both these tests were successfully applied in monitoring impacts derived from oil spills
in Guanabara Bay, Rio de Janeiro. Mussels Perna perna have proved to be excellent
biomonitors for oil contamination in the bay since their PAHs bioaccumulation follows
closely concentration changes in the water column with little departure from the original
oil composition (Francioni et al. 2005). The analysis of polyaromatic hydrocarbons in
mussel tissue is costly especially if alkylated polycyclic aromatic hydrocarbons are
included as required in chemical forensics. Preliminary results obtained by applying the
neutral red (lysosoma assay) in mussels Perna perna from contaminated and
uncontaminated areas demonstrated the good performance of this inexpensive approach
to monitor acute oil releases. Organisms in pristine areas showed long retention times for
neutral red in the liposome compartments but because of the chronic contamination state
in Guanabara Bay low retention times are continually observed in the mussels from the
bay. The usual statistical distribution of the retention times for each observed population
shows a wide range of values as expected in biological systems exposed to steady state
conditions. Nevertheless, after an oil spill in January 2000 data distribution for the
sampled population in the bay was strikingly different although average retention times
were in the range observed prior to the spill. The oil spill caused a three-fold increase in
PAH concentration (from an average of 500 ng.g" to 1700 ng.g") in the mussels and the
individually different responses to the neutral red assay were cancelled out (from an
average variance of 42% to 0). The phenomenon that there was no distribution of the
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results may result from a threshold reaction indicative of particularly altered
environmental conditions (Franconia et al. 2005). These useful observations provided a
basis for the safe application of the technically simple and inexpensive neutral red test to
monitor acute events in this chronically altered bay.

The managerial value of biomarkers also relies on the possibility to detect biological
responses at early stages of environmental changes. Moreover, different from usual
ecotoxicology assays, they are applied in population samples exposed to thein
situ conditions. The concurrent evaluation of concentration levels of suspected
contaminants contributes to the gradual establishment of more adequate environmental
criteria. Besides the information on the status of individual species, when applied on a
continuous basis to organisms selected as to represent different tropic levels, biomarkers
are likely to be useful in recognizing trends of systemic changes. The tests are also useful
in controlling illegal releases of contaminants in areas subject to conservation activities
and as means to obtain early warnings on changes in pristine regions.

Immunoassays based on enzymatic or antigenic reactions are promising tools to be applied
in monitoring (Muhlenberg et al. 1995, Waters et al. 1997, Barcel6 et al. 1998). A number
of commercially available kits has been validated for direct application. The immunoassay
test is less expensive than a traditional complete chemical analysis - as for instance for
pesticides and polycyclic aromatic hydrocarbons (15 US dollars as compared to 180 US
dollars for the complete chemical analysis); its application requires some training but is less
labour intensive than most analytical procedures; it can provide quasi real time data; and
reproduce a biochemical reaction to a toxicant. Because of possible cross-reactivity
immunoassays are more suitable for application in routine monitoring, when base line data
are already available, or in the inspection of large areas to identify hot spots. Franconia et
al. (2003) used the test that responds to BTEX to localize hot spots of gasoline
contamination in soils and compared the results with those from traditional chemical
analysis obtaining a linear correlation coefficient (r*) of 0.998. Even substances that are
difficult and expensive to monitor, as dioxins, are potential candidates to be currently
detected by immunoassays in the near future. In developing regions where funds and lack
of sufficient trained personnel are limiting the scope and frequency of monitoring activities,
the use of immunoassays is an interesting option for environmental screening.

Additional Barriers

Coastal managers and environmental agencies in developing countries have to deal with
institutional and economic limitations; however, a key constraint to the effective
management is the difficult access to scientific information (Millard and Sayers 1999).

The capability to organise the existing information as to allow causal chain identification

through a cross-linking of events (for example, the relation between level of sewage
contamination in the beaches and the number of working hours lost due to enteric
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diseases) is also deficient. There is an obvious need for improving the access to scientific
information in a comprehensive format useful to managers (Schwarzer et al. 2001).

Tackling this problem requires first a revision of strategies so far dominant in the ways
scientific information is disseminated. Emeis et al. (2001) considered that communication
of scientific issues to managers is humped due to controversy and conflicting signals
among other factors. In many developing countries communication turns out intrinsically
difficult due to other factors in addition, as for instance, the use of international journals
as the unique channel to convey scientific findings. Managers and decision makers in
such countries usually have no easy access to these journals and neither are they trained
to extract useful information from these publications directed to the scientific community.
Information of so-called local interest do not reach acceptance in a number of
international journals and may rest unreachable to the interested user if not even a
national or regional scientific publication system is in place. Furthermore, it is truth that
in the so-called century of communication many areas of the world have no
straightforward access the abundant information in the Internet.

There is a great need to bring up scientific communication directed to non-scientists in
the developing countries, including capacity building at the media level. The media
contribution to the dissemination of local or regional scientific advances to the public in
general is scarce or of very poor quality. It fails in raising awareness and in contributing
as it could to foster public and private investments in the science sector. Internationally
funded projects are rarely addressing this issue although they often deal with capacity
building initiatives.

A consensus does not yet exist on the best procedure to adopt in communicating scientific
facts to managers, policy makers and other stakeholders, therefore different modalities
should be adapted to the local/regional cultural, social and political scenario.
Nevertheless, the resulting communication instrument should be flexible and independent
as to allow free flow of ideas and information.

In developing countries the performance of regulatory environmental agencies is deeply
subjected to the will of the actual political current in power. Effectiveness of
communication may be affected by the fragility of these important institutions. Recent
experiences gained in assessment projects carried out in the Todos os Santos Bay, Bahia
(Wagener et al. 2003), and Guanabara Bay, Rio de Janeiro (Wagener et al. 2002),
revealed that although the same set of communication instruments (meetings, reports
seminars) have been used in both cases the supportive political atmosphere in Bahia was
a key factor ensuring the strong commitment of the state environmental agency that, in
turn, greatly facilitated a successful interaction with scientists.
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Appropriate grounds for testing and stimulating different communication approaches are
the Global Environmental Facility (GEF) funded projects because of the available
organisational infrastructure and the potential to agglutinate different sectors at the local
and regional scale.

These projects offer, in addition, the proper ground to test monitoring approaches that
include participation of members of the local communities. Although in recent years
indigenous knowledge emerged as a desirable component of internationally funded
projects in developing countries little guidance has been given to create greatly needed
job opportunities through the formal hiring of community members to perform simple but
effective monitoring practices. There are, however, examples of community volunteers
carrying out water quality monitoring as in the case cited above of the Sdo Francisco
River project. From top to down in the scale of complexity a number of opportunities not
yet experienced in coastal management in developing countries is available to ensure
feasibility, good performance and sustainability of monitoring activities.

Conclusions

The coastal environmental problems in developing countries are increasing dramatically
as a result of the uncontrolled population growth and unsustainable development
practices. Monitoring the environmental alterations, as a necessary basis for planning
mitigation actions and source reduction, is a challenge under the present settings of
deficient technical and economic capabilities in these countries. These shortcomings can
be partly overcome by making use of fast screening methods, which are based, for
instance, on biomarkers of stress and immunoassays, enrolling community members in
the process and improving interaction among policy, managerial and scientific sectors.
Still, practices, criteria and regulations adopted in developed countries must undergo a
critical evaluation as for their suitability to current natural and economic conditions
before acceptance in developing tropical areas. In this regard, introduction of local
scientific knowledge in the formulation of regulatory instruments related to impact
assessments and monitoring represents an important step forward in identifying site-
specific needs and useful tools.

8.4. Science Education and Underdevelopment

After recognizing a need for more students and graduates in science, technology,
engineering and mathematics, Sen. Conrad Appeal, R-Metairie, drafted Senate
Resolution 120. The resolution asks Louisiana's top higher education board, the Board
of Regents, to develop a strategy to attract and keep students in those degree fields to
supply companies in New Orleans with a larger, more capable work force.

"It's clearly important that our best and brightest stay in Louisiana," Appeal said. "We

have to be in a position to compete on a world basis. These are the jobs for the
future."In April, Appeal drafted the resolution after spending time looking into the
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issue at the university level. He expects the board to come out with a study and report
in the next nine months. He hopes that the board will come up with strategies that can
be turned into pieces of legislation that will induce more students to pursue degrees in
the so-called STEM fields, science, technology, engineering and mathematics."If we're
going to fit into the 21st century we need more people graduating in these fields,"
Apple said. "The amount of income you can earn in these related fields is the best.
Let's push for the future."

8.5. Globalization of Science Education for Development

Processes of globalization have played a major role in economic and cultural change
worldwide. More recently, there is a growing literature on rethinking science education
research and development from the perspective of globalization. This paper provides a
critical overview of the state and future development of science education research from
the perspective of globalization. Two facets are given major attention. First, the further
development of science education as an international research domain is critically
analyzed. It seems that there is a predominance of researchers stemming from countries
in which English is the native language or at least a major working language. Second, the
significance of rethinking the currently dominant variants of science instruction from the
perspectives of economic and cultural globalization is given major attention. On the one
hand, it is argued that processes concerning globalization of science education as a
research domain need to take into account the richness of the different cultures of science
education around the world. At the same time, it is essential to develop ways of science
instruction that make students aware of the various advantages, challenges and problems
of international economic and cultural globalization. Keywords: Globalization; science
education research; science instruction.

Science education research has become increasingly concerned with the diversity of
students in the classroom as demonstrated by the increase in articles on issues of equity in
the last 10 years. However, much of this diversity literature does not address the
complexity of the issues of indigenous learners in their postcolonial environments and
calls for a “one size fits all” instructional approach (Lee, 2001). Now more than ever,
indigenous knowledge needs to be promoted and supported. As globalization continues to
increase, it allows for contact between once geographically isolated groups, and
traditional knowledge systems are being assimilated and in some cases disappearing all
together. For many indigenous peoples, this type of culture is one of colonizing, although
due to increased globalization, the means of colonizing is changing. In a time of
globalization in terms of technology and increased worldwide travel where populations
migrate, indigenous knowledge is often dismissed as irrelevant and the Internet makes
location an intangible concept. However, increasing local achievement in science and
science education is advocated by a number of researchers in order to provide
opportunities for people globally (McKinley, 2005). This issue of making local
knowledge part of the global brings with it the challenges of politics, history, language,
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economics and ethics. Throughout this paper, I will address these challenges and discuss
ways to overcome these difficulties by focusing on place based science education that
supports indigenous knowledge. As educators become more immersed in exploring
traditional belief systems and finding a place for them in the Western world, the youth of
many indigenous groups are becoming disinterested in their own native culture. Among
the youth, a negative view of their culture has been championed by the lack of value the
Western world has traditionally placed on these knowledge systems. However, in the last
few decades, voices of educators and indigenous peoples themselves have led an
awareness of the importance of IK. Encouragingly, some indigenous societies are
keeping their cultural autonomy intact and demand for local curricula despite the modern
domination of the Western world. An acknowledgement of this domination has been
spreading, even in industrialized societies. Educators are beginning to recognize that
Western-based formal knowledge remains just one knowledge system of many. Though
traditional knowledge has long been, and often continues to be, assigned a lower status in
both development and scientific circles than Western-based science and technology, the
value of IK in science has been receiving increasing attention. Previously, the literature
treated all minorities and indigenous peoples as requiring similar solutions to under
achievement and this created exclusions for many people as individual voices and
struggles were ignored.
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