
“Middle School Science”.

In Section 1 of this course you will cover these topics:
What Is The Nature Of Science?

How Do Children Learn Science?

How Can You Improve Science Learning For Diverse Learners?

Topic Objective:

At the end of this topic student would be able to:

 Understand Students Perception of Science And Technology

 Understand Positive perceptions of S&T in society

 Understand Problematic attitudes to S&T in schools

 Understand Science

 Understand The Nature of Science

Definition/Overview:

This topic reports a summary of childrens common perceptions about science and scientists,

and brief comparisons of science performances. Considerable improvement has been

made during the past 10 years. However, achievement scores show that U.S. children

generally understand science facts well, but that they cannot use what they know to analyze

and problem solve. Some underlying reasons for this discrepancy may be linked to how

science is viewed and taught by teachers. The topic describes the nature of science and makes

a case that science, when taught holistically, produces an effective synergy that arises from

including three important components: attitudes, processes and knowledge. Any one part

emphasized at the expense of the other two leaves childrens science learning incomplete,

hence affecting academic performance. Science is a dynamic human enterprise; it is not

static. The aim of modern science is to promote scientific literacy for all children, not a select

few. New National Science Education Standards seek this aim holistically through systemic

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

1
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



reform with a focus on quality science experiences, rather than on quantity. Quality learning

of science may be accomplished by covering less material, but learning more. Children must

experience all components of science within a world-view, through inquiry processes and

with a growing understanding of the scientific enterprise. The topic concept map tells the

story of the topic; you may wish to copy and distribute it to your students.

Key Points:

1. Students Perception of Science And Technology

In many highly developed countries, there is a noticeable decline in the recruitment of

students to science and technology (S&T) studies. 'Europe needs more scientists' is the title of

a report by the High Level Group on Increasing Human Resources for Science and

Technology in Europe. This report examines the condition of S&T in the European Union

and pays special attention to the number of people entering S&T education and careers. The

title of the report reveals the point: the falling recruitment to S&T studies is seen as a large

problem in most European countries. The same tendencies are noted in the USA and in most

other countries in the Organisation for Economic Co-operation and Development (OECD).

It is a paradox that the most S&T-driven economies in the world are experiencing a lack of

interest in S&T studies and careers among young people. The economic significance to a

country of a high number of skilled scientists and engineers is well accepted. But young

people do not choose their studies or careers because it is good for the domestic economy.

Instead, they base their choices (when they have such choices) on their own interests, values

and priorities. It is obvious that S&T studies and jobs no longer have the appeal in wealthier

countries that they had some decades ago.

The lack of interest in S&T in schools and further studies is not only a problem for the

economy, but also a threat to democracy, as most decisions in modern societies are highly

dependent on considerations that involve weighing scientific arguments against value

judgements. A scientifically illiterate voting population can be easily manipulated by

propaganda.
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2. Positive perceptions of S&T in society

When we note the lack of interest in S&T studies and careers in some countries, the first and

most obvious hypothesis might be that young people in such countries have negative or

hostile attitudes towards S&T. Such assertions are often voiced in public debates. S&T is

blamed for many of the evils of modern societies, like pollution, destruction of the

environment, overuse of natural resources and even modern warfare and conflicts. Do young

people really base their attitudes on such assumptions?

Several questions in the ROSE study shed light on this question. The results indicate that

there is no general hostility against S&T among young people, neither in rich nor poor

countries; generally, positive responses were received to statements such as:

 Science and technology are important for society

 A country needs science and technology to become developed

 Science and technology will find cures to diseases such as HIV/AIDS and cancer

 Thanks to science and technology, there will be greater opportunities for future generations

 Science and technology make our lives healthier, easier and more comfortable

 New technologies will make work more interesting

 The benefits of science are greater than the harmful effects it could have

 Science and technology will help to eradicate poverty and famine in the world

 Science and technology are the cause of the environmental problems.

Most students (aged 14-16) in most countries agree to statements like those listed above,

although there are interesting differences between nations and between girls and boys. In

general, boys are more positive (or less sceptical?) than girls about S&T, and pupils in

developing countries are more positive than pupils in richer countries. But it is important to

note that the overall attitude towards S&T is positive.

As illustrated in Figure 1, girls and boys in all countries show pronounced agreement with the

statement "Science and technology are important for society". Children in developing

countries agree more strongly. Gender differences are rather small.
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ROSE data showing mean values for girls (open female symbol) and boys (filled male

symbol). The scale goes from 1 (disagree) to 4 (agree). Hence, 2.5 is a neutral response,

marked with a vertical line. For some countries, only certain regions took part: in Ghana, only

the Central region; in Spain, only the Balearic Islands; in Russia, only Karelia. India is

represented by the region of Gujarat]

3. Problematic attitudes to S&T in schools

Although students in all countries share a positive view of many aspects of the role of S&T in

society, the attitudes to S&T in schools are more mixed.

As Figure 2 demonstrates, there are large differences between how much students in different

parts of the world like school science. In general, students in developing countries like school

science very much, whereas students in richer parts of the world are more negative. We also

note large gender differences: in some countries, girls dislike school science more strongly

than do boys.

4. Science

Science is a particular way of understanding the natural world. It extends the intrinsic

curiosity with which we are born. It allows us to connect the past with the present. Science is

based on the premise that our senses, and extensions of those senses through the use of

instruments, can give us accurate information about the Universe. Science follows very

specific "rules" and its results are always subject to testing and, if necessary, revision. Even

with such constraints science does not exclude, and often benefits from, creativity and

imagination (with a good bit of logic thrown in).

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

4
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



5. The Nature of Science

Scientists share certain basic beliefs and attitudes about what they do and how they view their

work. These have to do with the nature of the world and what can be learned about it.

5.1 The World Is Understandable

Science presumes that the things and events in the universe occur in consistent patterns that

are comprehensible through careful, systematic study. Scientists believe that through the use

of the intellect, and with the aid of instruments that extend the senses, people can discover

patterns in all of nature.

Science also assumes that the universe is, as its name implies, a vast single system in which

the basic rules are everywhere the same. Knowledge gained from studying one part of the

universe is applicable to other parts. For instance, the same principles of motion and

gravitation that explain the motion of falling objects on the surface of the earth also explain

the motion of the moon and the planets. With some modifications over the years, the same

principles of motion have applied to other forcesand to the motion of everything, from the

smallest nuclear particles to the most massive stars, from sailboats to space vehicles, from

bullets to light rays.

5.2 Scientific Ideas Are Subject To Change

Science is a process for producing knowledge. The process depends both on making careful

observations of phenomena and on inventing theories for making sense out of those

observations. Change in knowledge is inevitable because new observations may challenge

prevailing theories. No matter how well one theory explains a set of observations, it is

possible that another theory may fit just as well or better, or may fit a still wider range of

observations. In science, the testing and improving and occasional discarding of theories,

whether new or old, go on all the time. Scientists assume that even if there is no way to

secure complete and absolute truth, increasingly accurate approximations can be made to

account for the world and how it works.
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5.3 Scientific Knowledge Is Durable

Although scientists reject the notion of attaining absolute truth and accept some uncertainty

as part of nature, most scientific knowledge is durable. The modification of ideas, rather than

their outright rejection, is the norm in science, as powerful constructs tend to survive and

grow more precise and to become widely accepted. For example, in formulating the theory of

relativity, Albert Einstein did not discard the Newtonian laws of motion but rather showed

them to be only an approximation of limited application within a more general concept. (The

National Aeronautics and Space Administration uses Newtonian mechanics, for instance, in

calculating satellite trajectories.) Moreover, the growing ability of scientists to make accurate

predictions about natural phenomena provides convincing evidence that we really are gaining

in our understanding of how the world works. Continuity and stability are as characteristic of

science as change is, and confidence is as prevalent as tentativeness.

5.6 Science Cannot Provide Complete Answers to All Questions

There are many matters that cannot usefully be examined in a scientific way. There are, for

instance, beliefs thatby their very naturecannot be proved or disproved (such as the existence

of supernatural powers and beings, or the true purposes of life). In other cases, a scientific

approach that may be valid is likely to be rejected as irrelevant by people who hold to certain

beliefs (such as in miracles, fortune-telling, astrology, and superstition). Nor do scientists

have the means to settle issues concerning good and evil, although they can sometimes

contribute to the discussion of such issues by identifying the likely consequences of particular

actions, which may be helpful in weighing alternatives.

6. Scientific Inquiry

Fundamentally, the various scientific disciplines are alike in their reliance on evidence, the

use of hypothesis and theories, the kinds of logic used, and much more. Nevertheless,

scientists differ greatly from one another in what phenomena they investigate and in how they
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go about their work; in the reliance they place on historical data or on experimental findings

and on qualitative or quantitative methods; in their recourse to fundamental principles; and in

how much they draw on the findings of other sciences. Still, the exchange of techniques,

information, and concepts goes on all the time among scientists, and there are common

understandings among them about what constitutes an investigation that is scientifically

valid.

Scientific inquiry is not easily described apart from the context of particular investigations.

There simply is no fixed set of steps that scientists always follow, no one path that leads them

unerringly to scientific knowledge. There are, however, certain features of science that give it

a distinctive character as a mode of inquiry. Although those features are especially

characteristic of the work of professional scientists, everyone can exercise them in thinking

scientifically about many matters of interest in everyday life.

7. Science Demands Evidence

Sooner or later, the validity of scientific claims is settled by referring to observations of

phenomena. Hence, scientists concentrate on getting accurate data. Such evidence is obtained

by observations and measurements taken in situations that range from natural settings (such

as a forest) to completely contrived ones (such as the laboratory). To make their observations,

scientists use their own senses, instruments (such as microscopes) that enhance those senses,

and instruments that tap characteristics quite different from what humans can sense (such as

magnetic fields). Scientists observe passively (earthquakes, bird migrations), make

collections (rocks, shells), and actively probe the world (as by boring into the earth's crust or

administering experimental medicines).

In some circumstances, scientists can control conditions deliberately and precisely to obtain

their evidence. They may, for example, control the temperature, change the concentration of

chemicals, or choose which organisms mate with which others. By varying just one condition

at a time, they can hope to identify its exclusive effects on what happens, uncomplicated by

changes in other conditions. Often, however, control of conditions may be impractical (as in

studying stars), or unethical (as in studying people), or likely to distort the natural phenomena

(as in studying wild animals in captivity). In such cases, observations have to be made over a

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

7
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



sufficiently wide range of naturally occurring conditions to infer what the influence of

various factors might be. Because of this reliance on evidence, great value is placed on the

development of better instruments and techniques of observation, and the findings of any one

investigator or group are usually checked by others.

8. Science Is a Blend of Logic and Imagination

Although all sorts of imagination and thought may be used in coming up with hypotheses and

theories, sooner or later scientific arguments must conform to the principles of logical

reasoningthat is, to testing the validity of arguments by applying certain criteria of inference,

demonstration, and common sense. Scientists may often disagree about the value of a

particular piece of evidence, or about the appropriateness of particular assumptions that are

madeand therefore disagree about what conclusions are justified. But they tend to agree about

the principles of logical reasoning that connect evidence and assumptions with conclusions.

Scientists do not work only with data and well-developed theories. Often, they have only

tentative hypotheses about the way things may be. Such hypotheses are widely used in

science for choosing what data to pay attention to and what additional data to seek, and for

guiding the interpretation of data. In fact, the process of formulating and testing hypotheses is

one of the core activities of scientists. To be useful, a hypothesis should suggest what

evidence would support it and what evidence would refute it. A hypothesis that cannot in

principle be put to the test of evidence may be interesting, but it is not likely to be

scientifically useful.

The use of logic and the close examination of evidence are necessary but not usually

sufficient for the advancement of science. Scientific concepts do not emerge automatically

from data or from any amount of analysis alone. Inventing hypotheses or theories to imagine

how the world works and then figuring out how they can be put to the test of reality is as

creative as writing poetry, composing music, or designing skyscrapers. Sometimes

discoveries in science are made unexpectedly, even by accident. But knowledge and creative

insight are usually required to recognize the meaning of the unexpected. Aspects of data that

have been ignored by one scientist may lead to new discoveries by another.
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9. Science Explains and Predicts

Scientists strive to make sense of observations of phenomena by constructing explanations

for them that use, or are consistent with, currently accepted scientific principles. Such

explanationstheoriesmay be either sweeping or restricted, but they must be logically sound

and incorporate a significant body of scientifically valid observations. The credibility of

scientific theories often comes from their ability to show relationships among phenomena that

previously seemed unrelated. The theory of moving continents, for example, has grown in

credibility as it has shown relationships among such diverse phenomena as earthquakes,

volcanoes, the match between types of fossils on different continents, the shapes of

continents, and the contours of the ocean floors.

The essence of science is validation by observation. But it is not enough for scientific theories

to fit only the observations that are already known. Theories should also fit additional

observations that were not used in formulating the theories in the first place; that is, theories

should have predictive power. Demonstrating the predictive power of a theory does not

necessarily require the prediction of events in the future. The predictions may be about

evidence from the past that has not yet been found or studied. A theory about the origins of

human beings, for example, can be tested by new discoveries of human-like fossil remains.

This approach is clearly necessary for reconstructing the events in the history of the earth or

of the life forms on it. It is also necessary for the study of processes that usually occur very

slowly, such as the building of mountains or the aging of stars. Stars, for example, evolve

more slowly than we can usually observe. Theories of the evolution of stars, however, may

predict unsuspected relationships between features of starlight that can then be sought in

existing collections of data about stars.

10. Scientists Try to Identify and Avoid Bias

When faced with a claim that something is true, scientists respond by asking what evidence

supports it. But scientific evidence can be biased in how the data are interpreted, in the

recording or reporting of the data, or even in the choice of what data to consider in the first

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

9
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



place. Scientists' nationality, sex, ethnic origin, age, political convictions, and so on may

incline them to look for or emphasize one or another kind of evidence or interpretation. For

example, for many years the study of primatesby male scientistsfocused on the competitive

social behavior of males. Not until female scientists entered the field was the importance of

female primates' community-building behavior recognized.

Bias attributable to the investigator, the sample, the method, or the instrument may not be

completely avoidable in every instance, but scientists want to know the possible sources of

bias and how bias is likely to influence evidence. Scientists want, and are expected, to be as

alert to possible bias in their own work as in that of other scientists, although such objectivity

is not always achieved. One safeguard against undetected bias in an area of study is to have

many different investigators or groups of investigators working in it.

11. Science Is Not Authoritarian

It is appropriate in science, as elsewhere, to turn to knowledgeable sources of information and

opinion, usually people who specialize in relevant disciplines. But esteemed authorities have

been wrong many times in the history of science. In the long run, no scientist, however

famous or highly placed, is empowered to decide for other scientists what is true, for none are

believed by other scientists to have special access to the truth. There are no preestablished

conclusions that scientists must reach on the basis of their investigations.

In the short run, new ideas that do not mesh well with mainstream ideas may encounter

vigorous criticism, and scientists investigating such ideas may have difficulty obtaining

support for their research. Indeed, challenges to new ideas are the legitimate business of

science in building valid knowledge. Even the most prestigious scientists have occasionally

refused to accept new theories despite there being enough accumulated evidence to convince

others. In the long run, however, theories are judged by their results: When someone comes

up with a new or improved version that explains more phenomena or answers more important

questions than the previous version, the new one eventually takes its place
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Topic Objective:

At the end of this topic student would be able to:

 Understand The Developing Brain

 Understand Changes in the Brain: Plasticity

 Understand Constructivist Learning

 Understand Theoretical Background

 Understand Implications for Education

Definition/Overview:

This topic reviews several important findings from brain research. The topic describes

the relationships among brain functions, dominant theoretical psychological and social

perspectives on learning, and the ways in which teachers perspectives of their own roles

influence childrens learning. Children bring preconceptions to their classes. Misconceptions

may have been formed from prior social experiences. The ideas that children already possess

impact on what and how they learn science, and impact constructions of science concepts. A

synthesis of contemporary perspectives on learning is used to describe cognitive

constructivism, the present most comprehensive explanation for how we believe children

form mental understandings of science with social and emotional inputs. The need for direct,

hands-on, minds-on experiences with special attention to concept formation and the

development of science mental structures shapes our view of what teaching practices and

types of teachers are essential for effective learning in science.

Key Points:

1. The Developing Brain

During embryogenesis (the process by which an embryo is converted from a fertilized cell to
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a full-term fetus), brain cells develop at the astounding rate of over 250,000 per minute.

There are several points during the process of neurogenesis (the production of brain cells)

where over 50,000 brain cells are formed every second. By the twentieth week of fetal life,

over 200 billion neurons have been created. Later, a massive neural pruning of these large

numbers of cells occurs. Approximately six weeks later, during the third trimester, only fifty

percent of those cells remain alive. The surviving 100 billion neurons are the healthy cells,

which are ready to aid the growth and development of the newborn child. The early

overproduction of neurons and neural networks guarantees that the young brain will be

capable of adapting to virtually any environment into which the child is born, whether it is

San Francisco, South Africa or Singapore, tropical or tundra.

Billions of synapses are created in the womb during the process of synaptogenesis, a process

by which the functional circuits in the brain get organized. Following birth, most new

synapses come by way of ones experiences. These neural networks are subsequently used to

comprehend newer events taking place in ones external world using our stored knowledge as

the source of all understanding. There is a high correlation between the density of the neural

connections representing ones specific knowledge, abilities or skills. Thus, it is easier to

expand a childs future proficiencies by using the existing fertile neural networks.

A toddler's brain has twice as many connections among its 100 billion neurons (the network

communicators in the cerebral cortex) as the brain of a fully matured adult. With all new

learning, the neurons respond by reaching out to one another in an elaborate branching

process that connects previously unaligned brain cells, thereby creating complex neural

circuits with thread-like connections called dendrites. The result is the formation of dense

neural forests that are the physiological byproducts of stimulation and learning.

Neurons communicate by sending electro-chemical signals to one another. One of the

responsibilities of the glial cells is to produce myelin, a fatty insulating substance that allows

electrical signals to travel more rapidly down the axon facilitating the electrical component of

the communication between brain cells. When some students experience various problems in

reading, those difficulties are possibly located in the frontal lobe of the brain in the region

that encompasses Broca's Area. Most important, in the cases of some poor readers, the larger

problems lies in the fact that this area is frequently quite low in myelin formations. The

abnormalities are in this frontal tract and not in the visual cortex as once thought, which

translates these language difficulties into reading problems.

Increases in both the size and the weight of the brain are among the predictable

neurophysiological results of a stimulating developmental environment. When children lack
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active healthy social encounters with others (from threats, stress and anxiety), we see brains

that do not wire themselves properly in the emotional centers, which plays itself out in the

most negative ways cognitively. According to Dr. Bruce Perry at the Baylor College of

Medicine, the development of the cerebral cortex can be reduced by as much as 20% under

these conditions rendering many brain structures under-developed. Diminishing ones learning

opportunities reduces the quantity of neural networks, which decreases ones ability to learn in

the future.

A fine-tuning of a childs emerging talents occurs between three and six years of age. At

approximately age five or six, the brain has reached 90-95% of its adult volume and is four

times its birth size. Ages three to six are the years during which extensive internal re-wiring

takes place in the frontal lobes, the cortical regions involved in organizing actions, planning

activities and focusing attention.

2. Changes in the Brain: Plasticity

In addition to being genetically programmed, brain growth and development are also

immensely influenced by neural plasticity. The brain constantly modifies the connections

among its one trillion brain cells that are consistently impacted by incidents processed

consciously and unconsciously by the brain. When new learning occurs, there is a

neurophysiological correlate that is created to represent ones newly attained knowledge. The

unfolding events that one encounters largely determine how much cortical growth will take

place, in what regions that growth will take place, when, if, and where subsequent

development will occur (or not) in his blossoming young brain. The very architecture of each

human brain is altered as a result of all newly acquired skills and competencies. By the

process of neural plasticity (the brains ability to undergo physical, chemical, and structural

changes as it responds to experiences and to ones environment) the number and density of

these functional neural pathways will be determined by the learning experiences one

encounters.

Once born, the human brain is so incredibly responsive to external stimuli that we can now

confidently state that nearly all early experiences and stimuli contribute in chemically and

physically shaping the more than 200 anatomically-distinct processing systems within the

growing brain. The sensitive developmental processes literally customize ones neuroanatomy

and ultimately determine the brains structure-function correlations, including the regional and

sub-cortical inner working capabilities of each human brain. Dr. Sally Shaywitz at Yale

University is currently tracking the modifications that arise in the brains of five and six-year-
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old novice readers after they learn how to read as compared to their pre-reading brain

architecture. In her analyses of magnetic resonance imaging (MRI) and positron emission

tomography (PET), their brain alterations are compared to the expected structural and

functional changes that normally transpire in the early cortical development of similarly aged

children, as well as comparisons with the brains of experienced young readers.

If the region of the motor cortex that is responsible for right-hand movement is damaged, the

use of a persons right hand will be substantially decreased or lost completely. Similarly, if

movement in the right hand is grossly limited or restricted nearly to the level of non-use, the

cortical regions of the brain responsible for movement in that hand will atrophy, as the

neglected neural networks begin to shut down inside the efficient brain. Interestingly, the

cortical areas representing the opposite (left) hand will often increase to compensate for the

loss of right-hand usage and a marked improvement in left-hand dexterity and proficiency

takes place. This phenomenon, compensatory hypertrophy, is how the brain physically

reorganizes itself after brain trauma or injury in such a way that performance in the opposite

hand (or leg, or eye, etc.) is enhanced as a response to the lost service of its counterpart. By

doing so, one can adapt (enhancing his chances of survival) as the brain modifies itself

always looking towards the future.

3. Constructivist Learning

In education, constructivism refers to theories of knowledge and learning. These theories

state that knowledge is constructed rather than received from an objective world or external

reality. For example, knowledge does not exist in a book but rather is produced by the reader

in the process of reading. In day-to-day practice, however, constructivism is much more

complicated; philosophers, psychologists, sociologists, scientists, and educators approach and

understand this simple theory of knowledge and learning quite differently. Thus,

constructivism perhaps is understood best as an academic construct or metaphor that

describes many different ways of thinking about learning and knowledge acquisition, as

summarized in this entry.
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4. Theoretical Background

Constructivism does not have a clear beginning: No single person or movement appears

responsible for developing or laying the foundation for modern-day constructivist theories.

The seeds of constructivist approaches, though, regularly are traced to Giovanni Battista

Vico, Paul Goodman, Jean-Jacques Rousseau, Immanuel Kant, John Dewey, and Lev

Vygotsky. While these early thinkers did not label themselves as constructivists, their key

ideas have constructivist elements.

Constructivism primarily is a synthesis of ideas from philosophy, sociology, psychology, and

education. For instance, the philosophy of poststructuralists such as Jacques Derrida, Michel

Foucault, and Roland Barthes ushered in postmodernism and its skeptical attitude toward

objectivity. In sociology, works like Berger's and Luckmann's further support the idea that

knowledge is constructed, not given. But it was psychologyJean Piaget and Vygotsky and

later Jerome Bruner and Ernst von Glasersfeldthat shaped early constructivism.

Constructivism describes a theory of both knowing and learning. Even so, certain fields focus

more intently on knowing (e.g., philosophy and sociology), whereas others focus more on

learning (e.g., psychology and education). As a theory of knowing, constructivism is based on

the idea that knowledge does not exist in an objective world, outside of the knower. Instead,

knowledge is constructed by people. This epistemology is often understood in relation or

opposition to objectivism. While any nonconstructivist

epistemology is labeled objectivist, objectivism holds that the purpose of the mind or

knowledge is to mirror the objective real world. But, based on findings in science,

philosophy, sociology, math, and psychology, constructivists now hold that knowledge does

not exist independently of a knower; rather, it is constructed individually or socially.

Constructivism as a theory of learning, or psychological constructivism, emerged from the

work of cognitive psychologists such as Piaget, Vygotsky, and Bruner. With the rise of

cultural psychology, two perspectives became dominant: individual constructivism and social

constructivism. While these two schools of thought differ, perhaps as ends of a continuum

(i.e., one focuses on the construction of meaning inside a person and the other focuses on the

construction of meaning among people), others have argued that all learners construct

meaning socially as well as individually.
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Individual or cognitive constructivism initially evolved from Piaget's work, specifically on

genetic epistemology. Cognitive constructivism developed as a reaction to behaviorist and

information-processing theories of learning. It conceptualizes learning as the result of

constructing meaning based on an individual's experience and prior knowledge.

Social constructivism grew from the work of individual constructivists as well as Vygotsky

and others who took a social and cultural perspective of knowledge creation. Pure social

constructivists believe that learning occurs via the construction of meaning in social

interaction, within cultures, and through language. To confuse matters, in the sociology of

knowledge, the philosophy of science, and the history of science, social constructivism

denotes a field of study that focuses primarily on the social construction of science and

scientific facts.

5. Implications for Education

In education, constructivism emerged formally as a theory of knowledge and a theory of

learning during the 1980s with the works of Bruner and von Glasersfeld, which attracted the

attention of educators during the early 1990s. While labeling oneself as a constructivist is

now in vogue and the idea that knowledge is constructed is accepted widely, the emergence

of construetivist learning theories and the constructivist pedagogies that followed created a

major paradigm shift in education. Thus, greater emphasis has been placed on the learner's

prior experience rather than the teacher's and on the active construction of knowledge rather

than the passive receipt of information.

As a theory of learning, constructivism focuses on the implications of constructing

knowledge for learning. Typically approaching constructivism from a psychological or

cultural perspective, educators emphasize the role of learners rather than that of knowledge.

Generally, educators are interested in implications of constructivist theories for practice and

learning (and to a lesser degree of knowing) rather than their onto-logical or metaphysical

implications.

While constructivism is not a theory of teaching, constructivists argue that pedagogy should

be based in theories of learning to ensure that teaching always centers on student learning.
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Recently, constructivist theories of learning have sparked reforms in teaching practices,

suggesting that learning environments focus directly on students, the importance of context,

authentic problems and tasks, discovery learning, student's prior knowledge, group projects

and discussion, student choice, and authentic assessment.

Explicit strategies or approaches to learning also have been identified that support individual

and social learning: Anchored instruction, situated learning, and cognitive apprenticeship are

just a few different approaches to teaching and learning that draw from constructivist

theories. Anchored instruction involves lodging instruction in an authentic problem-based

story, case study, or situation in which students generate and test possible problem solutions.

Situated learning emphasizes learning through social interaction and collaboration in

authentic contexts. And cognitive apprenticeship, like traditional apprenticeship, relies on

pairing a guide or an expert with a learner in an authentic study but focuses on making

thinking explicit.

Despite the implications, adopting a constructivist theory of learning does not preclude

teacher-centered approaches to teaching and learning, because both knowledge and learning

are the result of construction regardless ofthe teaching approach. In education from a

constructivist perspective, teachers are encouraged to become student centered because

constructivism is first and foremost a theory of learning and knowledge acquisition, and the

primary learner is the student

Topic Objective:

At the end of this topic student would be able to:

 Understand Exceptional Children

 Understand Special Needs

 Understand Common Concerns:
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Definition/Overview:

Typically when we think of children who are exceptional, we may consider children who

are gifted and talented or who have disabilities. Actually the range is much greater. In this

topic we take the position that all children will benefit from the many techniques used to

assist those who are legally classified as exceptional learners. We make a case that each child

is unique and we strive to help readers learn how to overcome stereotypes. This topic focuses

on differences in cultural, language, gender, learning styles, and learning disabilities, mental

disabilities, physical disabilities, and giftedness. A unique aspect of this topic is the section

that gives ideas for working with parents to teach children science.

Key Points:

6. Exceptional Children

All children have the need to be trained or taught. This includes the exceptional child: those

with physical disabilities, sensory impairments, communication disorders, learning

disabilities, emotional, and behavioral disorders. Until recently, the availability and the

opportunity for children with disabilities to participate in school programs have been

minimal. Today, we are seeing an increased awareness on the part of educators for the need

to mainstream education for the disabled.

For a long time now, we have been attempting to define exceptional children. I have, in the

past, been used to define a child with exceptional talent. It has also been used to define

children who deviate from what is normal. In education, exceptional children mean both

gifted and disabled.

Disability means that a person cannot do, or do easily, one or more things that other people

can do. Something is important for us all to remember is that a disability is almost never total.
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Physical impairments is a condition, which limits a childs physical abilities. This type of

handicap is usually visual. Children may use such things as wheel chairs, braces, or even

have artificial limbs.

A physically handicapped person has a disability that is a result of a neurological or an

orthopedic impairment.

Some examples of a neurological impairment would be:

Cerebral palsy

Epilepsy

Some examples of orthopedic would be:

Brittle bones

Arthritis

Some severe medical conditions can also be a reason to label a child as handicapped. Some

examples of this might be:

Asthma

Heart disease

There are many types of physical disabilities. They can range from mild to severe. All

teachers should be aware of basic guidelines when he/she teaches children with physical

handicaps.

 Physical handicaps are not the same as mental retardation. It is all too easy for us to link the

way a persons body functions with the way the mind works. We cannot assume that just

because a child in a wheelchair that they are mentally challenged. We must always assume

that a person mind is fine unless we are told otherwise.

 It is important to learn as much as you can about the disability of the child or children that

you will be teaching. Talk to the parent, they are the best source of information. Who better

to tell you about a childs strengths and weaknesses?
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 Avoid being over protective. These children need stability. They need to be an active member

of the regular classroom. You must have activities in which the handicapped child and the

able bodied child can work together.

 Special classes for the disabled are no necessary whenever possible----MAINSTREAM!

Most important to remember is that even though these children have a physical handicap,

they have the same wants, needs, and concerns as other children.

Even though special classes are not needed, teachers of the disabled need to plan for special

modifications in the classroom. The following is a list of some of the things that you may

want to consider:

 Wheel chairs, walkers and braces need extra space; you must make sure that the classroom is

set up for this. It is important, also, to keep the room free from clutter.

 Make sure the children in need are sat next to another child that can be helpful.

 Make sure that all materials are adjusted to meet the eye level of the child. Heights may be

different for children in wheel chairs.

Children who are hearing impaired have trouble hearing out of one or even both ears. Often

these children are lonely because it is hard for them to communicate with others. This feeling

can probably best be summed up in the words of Helen Keller. Blindness separates an

individual from things, but deafness separates and individual fro people.

What does it mean to be deaf? Simply, it means that a persons ability to hear is

nonfunctional. There are two groups that the deaf are normally put into:

 Congenitally: born deaf

 Adventitiously: born with normal hearing, but lost it due to an injury or an illness.

A child would be considered hard of hearing if any measure of sound can be detected with or

without a hearing aid.

There are special curriculums that are available to be used for the deaf child. It would not be

good; however, to assume that this would meet every childs needs. An important work for the

teacher of a deaf child to remember would be: ADAPT!
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It is important to remember that a deaf child learns with his/her eyes. This next list shows us

some ways in which we can make learning visual:

overhead projectors

Chalkboards

Pictures

Maps

Filmstrips

Puppetry

The teacher must also remember that the deaf child will communicate differently.

7. Special Needs

"Special Needs" is an umbrella underneath which a staggering array of diagnoses can be

wedged. Children with special needs may have mild learning disabilities or profound mental

retardation; food allergies or terminal illness; developmental delays that catch up quickly or

remain entrenched; occasional panic attacks or serious psychiatric problems. The designation

is useful for getting needed services, setting appropriate goals, and gaining understanding for

a child and stressed family.

8. Minuses and Pluses:

"Special needs" are commonly defined by what a child can't do -- by milestones unmet, foods

banned, activities avoided, experiences denied. These minuses hit families hard, and may

make "special needs" seem like a tragic designation. Some parents will always mourn their

child's lost potential, and many conditions become more troubling with time. Other families

may find that their child's challenges make triumphs sweeter, and that weaknesses are often

accompanied by amazing strengths.
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8.1 Different Concerns:

Pick any two families of children with special needs, and they may seem to have little

in common. A family dealing with developmental delays will have different concerns

than one dealing with chronic illness, which will have different concerns than one

dealing with mental illness or learning problems or behavioral challenges. This

Parenting Special Needs site devotes sections to the following specific issues:

medical, behavioral, developmental, learning, and mental health.

8.2 Medical Issues:

Medical issues for children include serious conditions like cancer and heart defects,

muscular dystrophy and cystic fibrosis; chronic conditions like asthma and diabetes;

congenital conditions like cerebral palsy and dwarfism; and health threats like food

allergies and obesity. Children with medical issues may require numerous tests, long

hospital stays, expensive equipment, and accommodations for disabilities. Their

families have to deal with frequent crises, uncertainty, and worry.

8.3 Behavior Issues:

Children with behavior issues don't respond to traditional discipline. With diagnoses

like ADHD, Fetal Alcohol Spectrum Disorder, Dysfunction of Sensory Integration,

and Tourette Syndrome, they require specialized strategies that are tailored to their

specific abilities and disabilities. If those strategies are not developed and used, kids

with behavior issues throw their families into chaos and are seriously at risk for

school problems. Their parents need to be flexible and creative.
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8.4 Developmental Issues:

Developmental disabilities are some of the most devestating for a family to deal with,

changing visions of the future and providing immediate difficulties in caring for and

educating a child. Diagnoses like autism, Down syndrome and mental retardation

often cause children to be removed from the mainstream, and parents must be fierce

advocates to make sure their children receive the services, therapy, schooling, and

inclusion they need and deserve.

8.5 Learning Issues:

Children with learning disabilities like dyslexia and Central Auditory Processing

Disorder struggle with schoolwork regardless of their intellectual abilities. They

require specialized learning strategies to meet their potential and avoid self-esteem

problems and behavioral difficulties. Parents of learning-challenged kids need to be

persistent both in working with their reluctant learners and with the schools that must

provide the help these children need.

8.6 Mental Health Issues:

A child's problems with anxiety or depression can sneak up on parents; problems with

attachment may smack them right in the face. Living with a child with mental health

issues can put family members on a roller coaster of mood swings and crises and

defiance. Parents have to find the right professionals to help, and make hard decisions

about therapy, medications, and hospitalization. The consequences of missed clues

and wrong guesses can be significant.

8.7 Common Concerns:

Although every special-needs child is different and every family is unique, there are

some common concerns that link parents of challenged kids, including getting
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appropriate care and accommodations; promoting acceptance in the extended family,

school and community; planning for an uncertain future; and adjusting routines and

expectations. Parents of children with special needs are often more flexible,

compassionate, stubborn and resilient than other parents

In Section 2 of this course you will cover these topics:
How Do You Plan For The Inquiry-Based Classroom?

What Inquiry Methods Help Learners To Construct Understanding?

Topic Objective:

At the end of this topic student would be able to:

 Understand Scientific Inquiry

 Understand Authentic Tasks

 Understand Scientific Practices

 Understand Alternative and Formative Assessment

 Understand Student Collaboration

 Understand Concept Map

Definition/Overview:

If it isnt planned, it isnt likely to happen. is one principle of effective teaching that guides this

topic. Instruction that does not get beyond doing the gee-wow part of an activity and spend

time guiding students as they form conceptual understanding and construct the reason

why the activity is important may actually help feed student misconceptions. The topic

emphasizes planning for concept formation; this topic focuses on planning complete
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lessons. Concept mapping techniques are explained and illustrated as a tool for planning.

A useful mapping activity could be to use school science texts, have methods students

identify science concepts in a topic, write concepts on cards, and sort the cards into a

structure or hierarchy as a way to learn about the techniques of concept mapping. Mapping

can help teachers clarify goals, set realistic outcomes and objectives, and develop useful

lessons. The topic illustrates how a constructivist teaching method can be used to help

students form concepts as they advance toward the goals of modern science. This example

plan illustrates the form we have used for all of the lessons in our book; the plan and teaching

approach address each new dimension of the National Science Education Standards content

goals and outcomes.

Key Points:

1. Scientific Inquiry

To support the development of science literacy that builds on both perspectives, many science

educators recommend engaging students in authentic scientific inquiry that draws on a variety

of scientific practices. Scientific inquiry is the various ways in which scientists study the

world, use evidence to develop models and construct explanations, and communicate their

ideas to their peers. A large number of pedagogies have been developed with the aim of

incorporating inquiry into school science. Many of these pedagogies have several common

features that will be discussed here:

 They are structured around authentic tasks for prolonged periods of time.

 They place high importance on the incorporation of phenomena, whether they are

experienced first-hand or vicariously.

 They integrate the leaning of science concepts with engagement in scientific practices and the

discourse that accompanies these practices.

 They encourage the use of alternative and formative assessments.

 They make use of computer-based technology.

 They build upon student collaboration.
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 They view the teacher as a facilitator and a learner along with the students rather than as a

source of knowledge.

2. Authentic Tasks

Since all learning is situational, it must be constructed in contexts that are significant and

authentic to the students for it to be meaningful and useful outside the walls of school. One of

the main ways to achieve this is to use driving questions, which are the hallmark of project-

based science. A driving question is a rich, open-ended question that connects with students'

interests and curiosities, such as, Can I believe what I see? or How can I use trash to power

my stereo? A successful driving question needs to meet six criteri

 FeasibilityIt must be feasible for s a: tudents to design and perform investigations to answer

the question.

 WorthIt must deal with the science content and practices that are aligned with national or

state standards.

 ContextualizationIt should be anchored in the lives of learners.

 InterestIt should be interesting and exciting to learners.

 EthicsInvestigating it should not harm living organisms or the environment.

 SustainabilityIt should be able to sustain students' interest for a prolonged time.

Driving questions need to be tied to anchoring events that provide students with common

experiences that can be returned to throughout the unit. For example, the anchoring event that

accompanies the driving question, Can I believe my eyes? consists of the following sequence:

In a darkened room, a black poster is illuminated with red light generated by an overhead

projector covered with a red filter. The following message becomes visible:

The red filter is replaced with a green filter and the following message appears:
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The green filter is removed and the poster is illuminated with white light, revealing the

following message: Can I believe my eyes?

3. Phenomena

Since science deals with the understanding of natural and man-made environments, it would

seem obvious that phenomena drawn from these environments should play a central role in

science education. Unfortunately, this has not always been the case, as review of many

middle school physical science textbooks showed. Phenomena can play a central role in

introducing, clarifying, and evaluating ideas. Students can interact with phenomena directly

or vicariously. A teacher can demonstrate a phenomenon as when holding a pin-wheel over

burning trash to make it spin. Students can observe a phenomenon without the teacher's

mediation as in witnessing that air bubbles are released when water is heated. Phenomena can

be investigated in controlled laboratory settings, such as when studying heliotropism, or in

uncontrolled settings, as during a field trip. Often it is impossible to give students direct

access to certain phenomena, either because they are too big, small, fast, slow, far, or too

dangerous. For example, most students have seen the moon rise above earth's horizon, but

how many have seen earth rise above the moon's horizon? In many of these cases it is

possible to interact with these phenomena vicariously, by watching videoclips, computer

simulations, looking at photos, or by reading descriptions of the phenomena.

The science laboratory has been the traditional place where students get to investigate

phenomena. Without diminishing the importance of the laboratory, which is often the only

environment in which certain phenomena can be investigated, it is important that the

laboratory is not the only place where students interact with phenomena; otherwise students

may view science as something that is relevant and important only in laboratories rather than

something that can be relevant and meaningful in many parts of their lives.

4. Scientific Practices

Scientific practices represent the disciplinary norms of scientists as they construct, evaluate,

reason, and communicate. When adapted for learners, scientific practices characterize how
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students use scientific knowledge to make sense of and explain the world. Examples of

scientific practices that have been introduced into K-12 science curriculum are designing

investigations and controlled experiments; developing evidence-based explanations; and

constructing, evaluating, revising, and using models to explain, predict, and communicate.

Practices are important because they help develop both types of science literacy. First,

engaging in scientific practices supports learners in developing and using conceptual

understanding because they involve understanding that is more meaningful than just

describing and recalling phenomena. Second, scientific practices define an important aspect

of what it means to partake in the norms and discourse patterns of the scientific community.

5. Alternative and Formative Assessment

Unlike summative assessment, which comes after instruction to determine what students have

learned, formative assessment provides feedback to teachers and students about their progress

while they are learning. Formative assessments are often embedded into instruction so that

the students may be unaware that their learning is being assessed. These assessments usually

make use of nontraditional data sources, such as student artifacts that are developed in the

course of instruction. Student-produced artifacts, such as models, written explanations, and

presentations, help them learn concepts, apply information, and represent their knowledge,

but also allow for ongoing and contextualized assessment of learning through understanding

performances. Embedded assessments can allow teachers to make realtime adjustments to

instruction so that it best fits the needs of their students.

6. Computer-Based Technology

Computer-based technology use is another core element of many inquiry-based curricula.

These technologies come in many forms, for example microcomputer based laboratories

(MBLs), visualizations and simulations, and data analysis programs. MBLs, which are data

collection probes connected to a computer through an interface, allow students to record data

that may not have been available to them otherwise, thus extending their observational

capacity. Visualizations and simulations provide students with visual images of phenomena
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that might have been otherwise inaccessible. Data analysis programs and other digital

environments can help clarify the problem space and allow students to focus on the most

salient aspects of the problem at hand. By slowing or speeding up time, magnifying or

compressing distances, computers can allow students to notice and make sense of

relationships that would have otherwise gone unnoticed.

7. Student Collaboration

According to Webb and Palincsar (1996), collaboration is convergencethe construction of

shared meaning for conversations, concepts, experiences. Student collaboration is essential

for constructing the second kind of science literacy, which focuses on social norms and

disciplinary discourse. Students' understanding of the nature of science develops as they

collaborate and engage in scientific discourse with others. By collaborating, students can

learn from others' knowledge, reflect on their own ideas, appropriate scientific norms, and

reach sophisticated performance. Students can collaborate with members of the same

classroom or with people located elsewhere by using the Internet.

8. The Teacher as Facilitator

In all inquiry-based curricula, the teacher is seen as a facilitator to student learning, a guide

rather than an impar-ter of knowledge. Driver, Asoko, Leach, Mortimer, and Scott (1994)

describe the teacher as a tour guide who mediates between the students' prior knowledge,

home cultures and norms, and scientific ideas, practices, and discourse patterns. Collins,

Brown, and Newman (1989) used the analogy of a cognitive apprenticeship to describe the

relationship between the teacher and students. By breaking down complex tasks into simpler

ones, modeling scientific attitudes, and providing feedback, the teacher scaffolds the learning

process.
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9. Concept Map

A concept map is a diagram showing the relationships among concepts. They are graphical

tools for organizing and representing knowledge. They include concepts, usually enclosed in

circles or boxes of some type, and relationships between concepts indicated by a connecting

line linking two concepts.

Concepts can be connected with labeled arrows, in a downward-branching hierarchical

structure. The relationship between concepts can be articulated in linking phrases, e.g., "gives

rise to", "results in", "is required by," or "contributes to".

The technique for visualizing these relationships among different concepts is called Concept

mapping.

10. Overview

A concept map is a way of representing relations between ideas, images or words, in the same

way that a sentence diagram represents the grammar of a sentence, a road map represents the

locations of highways and towns, and a circuit diagram represents the workings of an

electrical appliance. In a concept map, each word or phrase is connected to another and

linked back to the original idea, word or phrase. Concept maps are a way to develop logical

thinking and study skills, by revealing connections and helping students see how individual

ideas form a larger whole.

Concept maps were developed to enhance meaningful learning in the sciences. A well made

concept map grows within a context frame defined by an explicit "focus question," while a

mind map often has only branches radiating out from a central picture. There is research

evidence that knowledge is stored in the brain in the form of productions that act on

declarative memory content which is also referred to as chunks or propositions . Because

concept maps are constructed to reflect the organization of the declarative memory system,
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they facilitate sense-making and meaningful learning on the part of individuals who make

concept maps and those who use them.

Concept mapping can be contrasted with the similar idea of mind mapping, which is often

restricted to radial hierarchies and tree structures. Among the various schema and techniques

for visualizing ideas, processes, organizations, concept mapping, as developed by Novak is

unique in philosophical basis, which "makes concepts, and propositions composed of

concepts, the central elements in the structure of knowledge and construction of meaning."

Another contrast between Concept mapping and Mind mapping is the speed and spontaneity

when a Mind map is created. A Mind map reflects what you think about a single topic, which

can focus group brainstorming. A Concept map can be a map, a system view, of a real

(abstract) system or set of concepts. Concept maps are more free form, as multiple hubs and

clusters can be created, unlike mindmaps which fix on a single conceptual center.

11. History

The technique of concept mapping was developed by Joseph D. Novak and his research team

at Cornell University in the 1970s as a means of representing the emerging science

knowledge of students. It has subsequently been used as a tool to increase meaningful

learning in the sciences and other subjects as well as to represent the expert knowledge of

individuals and teams in education, government and business. Concept maps have their origin

in the learning movement called constructivism. In particular, constructivists hold that

learners actively construct knowledge.

Novak's work is based on the cognitive theories of David Ausubel (assimilation theory), who

stressed the importance of prior knowledge in being able to learn new concepts: "The most

important single factor influencing learning is what the learner already knows. Ascertain this

and teach accordingly." Novak taught students as young as six years old to make concept

maps to represent their response to focus questions such as "What is water?" "What causes

the seasons?" In his book Learning How to Learn, Novak states that "meaningful learning

involves the assimilation of new concepts and propositions into existing cognitive structures."
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12. Usage

Concept maps are used to stimulate the generation of ideas, and are believed to aid creativity.

For example, concept mapping is sometimes used for brain-storming. Although they are often

personalized and idiosyncratic, concept maps can be used to communicate complex ideas.

Formalized concept maps are used in software design, where a common usage is Unified

Modeling Language diagramming amongst similar conventions and development

methodologies.

Concept mapping can also be seen as a first step in ontology-building, and can also be used

flexibly to represent formal argument.

Concept maps are widely used in education and business for:

 Note taking and summarizing gleaning key concepts, their relationships and hierarchy from

documents and source materials

 New knowledge creation: e.g., transforming tacit knowledge into an organizational resource,

mapping team knowledge

 Institutional knowledge preservation (retention), e.g, eliciting and mapping expert knowledge

of employees prior to retirement

 Collaborative knowledge modeling and the transfer of expert knowledge

 Facilitating the creation of shared vision and shared understanding within a team or

organization

 Instructional design: concept maps used as Ausubelian "advance organizers" which provide

an initial conceptual frame for subsequent information and learning.

 Training: concept maps used as Ausubelian "advanced organizers" to represent the training

context and its relationship to their jobs, to the organization's strategic objectives, to training

goals.

 Increasing meaningful learning:

 Communicating complex ideas and arguments:

 Examining the symmetry of complex ideas and arguments and associated terminology:

 Detailing the entire structure of an idea, train of thought, or line of argument (with the

specific goal of exposing faults, errors, or gaps in one's own reasoning) for the scrutiny of

others.
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 Enhancing metacognition (learning to learn, and thinking about knowledge)

 Improving language ability

 Assessing learner understanding of learning objectives, concepts, and the relationship among

those concepts

Topic Objective:

At the end of this topic student would be able to:

 Understand Science Literacy

 Understand Science Literacy as Participation in a Community of Practice

 Understand Promoting Student Cooperation

 Understand Cooperative Integrated Reading and Composition

 Understand Team Accelerated Instruction

Definition/Overview:

Science permeates every aspect of our lives, as well as those of young children. Indeed,

this modern view of science implies a revised definition of scientific literacy that requires

new goals for school science programs. Indeed, science is fundamental for a productive life

and its components of attitudes, processes and knowledge form the foundation for literacy.

A scientifically literate person exhibits attitudinal predispositions such a curiosity,

objectivity, and a desire to test inquire. This topic makes distinctions between inquiry and

discovery and illustrates a productive relationship among those concepts. Processes of

inquiry, which are consistent with the National Science Education Standards, are described

and demonstrated through the teaching methods described in the topic. All methods

encourage children to discover and to form science concepts, to construct their understanding.

The methods included in the topic include: 4-E science learning cycle, scientific method as a

teaching method, Suchmans inquiry, uses of teacher and student demonstrations, children
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learning science through play, and problem-based learning. Tips for turning childrens

questions into a method of inquiry and recommendations for successful inquiry teaching are

explained. Management tips are described for using cooperative learning strategies in

science.

Key Points:

1. Science Literacy

1.1 Science Literacy as Conceptual Understanding

In 1990, Project 2061 of the American Association for the Advancement of Science

published Science for All Americans (1990), which presented the conceptual

understanding perspective of science literacy and made the case why it was important

that all people, not just scientists, become literate in science. Project 2061 defined

science literacy as a thorough knowledge of the key concepts and principles in

science; an understanding of the inter-dependency of mathematics, science, and

technology; a recognition of the strengths and limitations of science; and the ability to

use this knowledge for personal and social purposes. The same organization published

Benchmarks for Science Literacy, which specifies what students should know and be

able to do at the end of certain grades to attain science literacy by the end of high

school. The National Research Council published the National Science Education

Standards, which specifies not only science content standards, but also science

teaching standards, standards for the professional development of science teachers,

and standards for assessment in science education. Many countries have followed a

similar process in developing their own science education standards. In the United

States, the education department of each state then developed their own standards that

often, but not always, draw on the national standards and benchmarks. These

standards then guide or dictate, depending on the state, which science curricula can be

used at various grade levels. Since the standards of individual states often conflict

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

34
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



with those of other states and do not prioritize the various science topics, it becomes

very difficult to develop curriculum that can be used in multiple states without

expanding the scope of textbooks to cover everything required by every state at every

grade (Roseman & Koppal, in press). As a result, U.S. science curriculum has often

been criticized for being a mile wide and an inch deep.

This conceptual understanding perspective treats science learning as a process of

building on students' prior ideas about the natural world. These ideas are often at odds

with each other, contradict accepted scientific ideas, and are not coherent in the way

that scientific theories are expected to be consistent and parsimonious. For example,

students may think that if a body is not moving then there is no force acting on it,

while at the same time recognizing that a body resting on a table is subjected to the

force of gravity. Interestingly, students across countries and cultures hold many of the

same ideas. Finally, these ideas also tend to be stable and difficult to change, even

when students are confronted with evidence to the contrary, and thus greatly influence

future learning. Since the 1980s, research has documented students' typical ideas on a

wide range of scientific topics; Duit (2007) has compiled many of these studies.

Science is learned through a process of conceptual change by which prior ideas are

modified, exchanged, or added to. Posner, Strike, Hewson, and Gertzog (1982)

identified four rational conditions needed to bring about conceptual change: (1)

dissatisfaction with existing ideas, (2) intelligibility, (3) plausibility, and (4)

fruitfulness of new ideas. In addition to these rational conditions, there are also other

cognitive, affective, and contextual factors that influence conceptual change.

According to this perspective of science literacy, the teacher's role is to engage

students with phenomena that are incompatible with their prior ideas and to present

new ideas that can explain these phenomena. This perspective has been critiqued for

conceiving of scientific literacy as the property of an individual rather than of social

activity, which is the focus taken by the next perspective.
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1.2 Science Literacy as Participation in a Community of Practice

This perspective focuses primarily on how students learn from social interactions

rather than from their interactions with the material world. It builds on the work of

Vygotsky (1986), anthropologists, and linguists. It views science literacy as the ways

of knowing, doing, talking, reading, and writing [about the natural world], which are

constructed and reproduced in social and cultural practice and interaction. It views

scientists as members of communities of practice rather than individuals interacting

rationally with nature, and it draws on analyses of the norms and discourse patterns of

scientific communities rather than on conceptual understanding of individuals.

Although the sociocultural tradition has been around for many years, science

educators began to adopt this perspective only in the 1990s.

This perspective builds on students' prior experiences in their home communities.

Some of these communities use language and have norms that are very different from

those used by scientists. In contrast to the conceptual understanding perspective, in

which teachers need to help students bridge the conceptual gap between their prior

ideas and scientific ideas, the role of the teacher from this perspective is to help

students bridge the cultural gap separating their home-based communities and the

scientific community. Science learning is viewed as a process of apprenticeship in

which one learns to adopt scientific language and norms for the purpose of

participating in a community engaged in science.

Proponents of this perspective argue that the U.S. National Science Education

Standards overly emphasize facts and concepts and assume that knowing these ideas

will naturally lead to the ability to participate in scientific communities. This

perspective has been critiqued for not generating reproducible prescriptions for

teaching or methods for assessing outcomes.

2. Promoting Student Cooperation

There are a variety of methods promoting student cooperation in a classroom. The methods

reflect differences in theoretical perspective, student population, or the nature of the
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instructional content. This list is by no means all inclusive; it is only intended to provide

descriptions of methods to show the variety of different ways cooperative learning has been

applied to classroom instruction. The initial models will be generic models that are

cooperative learning processes that can be applied to a wide range of content. The latter

models will be content-specific models specifically designed for use in one content area.

2.1 Jigsaw

Jigsaw is one of the earliest models of cooperative learning processes, and it was

developed by Elliott Aronson. Jigsaw is best used with students in elementary school

through college for learning narrative content (e.g., learning from a chapter in a text,

doing a research report) and when the goal is content knowledge rather than skills.

Teams are typically made up of four members. Members are assigned a portion of the

content that they are to research and learn so they can teach it to the other students in

the team. In essence, they become the experts in that content. All of the students who

are to become experts in the same content meet and work together on the important

information for their area. After they have gathered the information, each expert

returns to his or her team and teaches the content to the other students. In this way,

each student has an opportunity to teach and elaborate on a portion of the content to

his or her peers.

3. Student Team Achievement Division (STAD)

STAD is a cooperative learning method developed by Robert Slavin that is used in learning

factual content (e.g., vocabulary, social studies or science information) as well as discrete

skills (e.g., spelling, math computation, or language mechanics skills) for students in second

through twelfth grade. Typically, it is used near the end of a unit of instruction and is used to

promote active student practice in preparation for a test on the content. In STAD, the students

are assigned to heterogeneous teams composed of four or five students. Initially, the teacher

computes a base score in the content for each student, using a previous test(s) or a pretest. As

students begin preparing for the end-of-the-unit test, they quiz one another about the material
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they are learning. Students then take the test, which is used to determine their grade and to

determine their improvement points. Improvement points are based on the amount by which

the student's performance increases above his or her previously computed base score.

Improvement points are then used to calculate team scores for use in recognizing teams with

good overall improvement. A large quantity of research on STAD consistently shows its

positive effects on achievement and peer relations.

4. Teams Game Tournament

Like STAD, Teams Game Tournament (TGT) is used to promote students' learning of factual

content or discrete skills, and is typically used near the end of a unit of instruction. In TGT,

students from heterogeneous teams play an academic game, or tournament, that involves

answering questions about the content, competing against three students of similar ability

from other teams. The tournament involves students taking turns answering questions on the

content. The other two students in the tournament can challenge the student if they think he

or she is incorrect. For every question the student answers correctly, the student gets a point.

The points are used to calculate team scores, which, like STAD, are used for team

recognition.

5. Group Investigation

Group Investigation is a cooperative learning method developed by Shlomo Sharan and

Rachel Hertz-Lazarowitz in Israel that focuses on developing social skills and positive peer

relations while learning academic content. The method is essentially cooperative inquiry,

where students acquire, analyze, and synthesize information to solve a problem (e.g., write a

research report, develop a plan of action). The groups work together to use resources such as

texts, reference materials, and technology resources to collect relevant information. They then

discuss how to organize the information for use in solving their specific problem. The teacher

acts as a facilitator and guide, directing students to various information resources and asking

them questions to guide their problem solving. At the end, each group presents a report of its
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work to the entire class. Research has shown that Group Investigation is particularly effective

in increasing peer relations and developing students' interpersonal skills.

6. Learning Together

The Learning Together cooperative method developed by David Johnson and Roger Johnson

is used in elementary and secondary school. The method emphasizes face-to-face interaction,

positive interdependence, individual accountability, and interpersonal skills. Typically,

Learning Together involves team building and teaching students appropriate interpersonal

skills to facilitate the cooperative learning process. Some of the Learning Together methods

have students study content together and quiz each other in preparation for individual tests.

Other Learning Together methods involve students working together to complete a group

test. Research on Learning Together has consistently indicated improved interpersonal

relations and acceptance of peers.

7. Guided Reciprocal Peer Questioning

Guided Reciprocal Peer Questioning (GRPQ) is a cooperative learning method developed by

Alison King that was used initially with college-age students. Subsequent research has shown

it can also be used effectively with children in the upper primary grades. GRPQ is used to

help students actively process content presented in a narrative fashion, either in a textbook or

from a lecture. Students are taught to ask questions about the content based upon question

starters like What does mean? Describe in your own words. Explain why . Students ask a

question to a partner, who attempts to answer it and then reciprocates by asking another

question. This process can be used as students read a section of a textbook, or during a lecture

when the instructor periodically stops to allow students to ask questions of a peer. Research

has shown that students who use this method retain more information they read or hear in

lecture, and it promotes metacognitive skills as students learn to ask themselves questions

either during reading or when listening to a lecture.
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8. Cooperative Integrated Reading and Composition

Cooperative Integrated Reading and Composition (CIRC) is a cooperative learning approach

to teaching reading and language arts developed by Robert Slavin and Robert Stevens. CIRC

has been used with students in second through fifth grade, and a companion model, Student

Team Reading and Writing (STRW), has been used in middle school literacy instruction.

CIRC is a multifaceted approach that involves students in learning both factual content (e.g.,

new vocabulary) and skills (e.g., reading comprehension and writing). The teacher provides

initial instruction that is followed by students practicing collaboratively to complete tasks

such as developing vocabulary knowledge, developing comprehension of the story, extending

story comprehension through writing about the story, and engaging in the writing process for

creative writing activities. Students check factual knowledge, make and elaborate on

predictions, and provide clarifying explanations to one another about what they are reading.

At the end of the instructional cycle (e.g., weekly), the students take tests, and the points

earned on the test are used for team scores that are used for team recognition like that

described above in STAD. Research studies have shown that CIRC and STRW have

significant, long-term, positive effects on students' achievement, attitudes, and peer relations.

9. Reciprocal Teaching

Reciprocal Teaching is a cooperative learning method developed by Annamarie Palincsar to

improve reading comprehension skills for students in elementary and middle school.

Reciprocal Teaching begins with the teacher providing explicit instruction on comprehension

strategies related to questioning, clarifying, summarizing, and predicting as students read.

The teachers follow the initial instruction by guiding students as they practice using the

strategies by prompting them with questions that they answer. Over time, the students take

more responsibility by using questions to prompt one another; the questions are followed by

answers in a reciprocal dialogue. The teachers monitor and guide the dialogue, helping the

students increase their accuracy and proficiency in using the comprehension-fostering

strategies. Research provides evidence of the efficacy of Reciprocal Teaching for students

from third grade through middle school, with particular emphasis on struggling readers.

Students also maintain the benefits of Reciprocal Teaching after the conclusion of its use in

instruction.
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10. Team Accelerated Instruction

Team Accelerated Instruction (TAI) is a cooperative learning approach to mathematics

instruction developed by Robert Slavin for use in elementary and early middle grades. TAI

focuses primarily on teaching math computation skills in a way that allows students to move

at their own pace as they master each skill. The teacher begins the instructional cycle with an

ad hoc instructional group based on those students beginning that particular unit. Following

the initial instruction, the students engage in practice activities to develop mastery of the new

skills. Students work in heterogeneous teams, allowing team members to give feedback and

explanations to one another as they practice. There is ongoing progress monitoring as

students take periodic tests to assess mastery. Students also earn points for their team by the

number of instructional units they master and their level of performance on the mastery tests.

Team points are used in determining team recognition like that in STAD, described above.

Research indicates that TAI improves students' mathematics achievement and interpersonal

relations for students of all abilities in second through sixth grades, and remedial secondary

mathematics

In Section 3 of this course you will cover these topics:
How Can You Use Questions To Foster Scientific Inquiry?

How Do You Develop And Use Authentic Assessment?

Objective:

At the end of this topic student would be able to:

 Understand Question

 Understand Types of Questions
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Definition/Overview:

Questions are essential tools necessary for stimulating science inquiry processes, which lead

to student concept construction. In science, skillful questioning is useful for planning,

leading lessons, stimulating productive thinking, and for assuring that childrens science

discoveries that are constructed from direct experiences that are conceptually accurate.

Talented and conscientious teachers can use their questioning skills to create or to customize

teaching methods. This utility value of questions and questioning processes, along with the

multiple other uses of questions, qualifies questioning as a fundamental and universal

teaching tool. This topic poses, in pre-test fashion, several important questions about the uses

of questions in science teaching, and the effects of questions on childrens science

achievement, attitudes and thinking skills. The topic also explores the different types of

questions and helps readers to investigate how questions may be used to teach science.

Suggestions are offered to help teachers to develop their questioning skills, monitor their

uses, and to improve their own questions. A unique aspect of the topic is the section that

deals with using childrens questions. The applications of this topic are continued in the other

topics on teaching methods.

Key Points:

1. Question

A question may be either a linguistic expression used to make a request for information, or

else the request itself made by such an expression. This information is provided with an

answer.

Questions are normally put or asked using interrogative sentences. But they can also be put

by imperative sentences, which normally express commands: "Tell me what 2 + 2 is";
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conversely, some expressions, such as "Would you pass the butter?", have the grammatical

form of questions but actually function as requests for action, not for answers. (A phrase such

as this could, theoretically, also be viewed not merely as a request but as an observation of

the other person's desire to comply with the request given.)

2. Types of Questions

2.1. Convergent

Answers to these types of questions are usually within a very finite range of

acceptable accuracy. These may be at several different levels of cognition --

comprehension, application, analysis, or ones where the answerer makes inferences or

conjectures based on personal awareness, or on material read, presented or known.

Example: On reflecting over the entirety of the play Hamlet, what were the main

reasons why Ophelia went mad? ( This is not specifically stated in one direct

statement in the text of Hamlet. Here the reader must make simple inferences as to

why she committed suicide.)

2.2. Divergent

These questions allow students to explore different avenues and create many different

variations and alternative answers or scenarios. Correctness may be based on logical

projections, may be contextual, or arrived at through basic knowledge, conjecture,

inference, projection, creation, intuition, or imagination. These types of questions

often require students to analyze, synthesize, or evaluate a knowledge base and then

project or predict different outcomes.

Answering divergent questions may be aided by higher levels of affective functions.

Answers to these types of questions generally fall into a wide range of acceptability.

Often correctness is determined subjectively based on the possibility or probability.
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Frequently the intention of these types of divergent questions is to stimulate

imaginative and creative thought, or investigate cause and effect relationships, or

provoke deeper thought or extensive investigations. And, one needs to be prepared for

the fact that there may not be right or definitely correct answers to these questions.

Divergent questions may also serve as larger contexts for directing inquiries, and as

such may become what are know as "essential" questions that frame the content of an

entire course.

Example: In the love relationship of Hamlet and Ophelia, what might have happened

to their relationship and their lives if Hamlet had not been so obsessed with the

revenge of his father's death?

Example of a divergent question that is also essential and divergent: Like many

authors throughout time, Shakespeare dwells partly on the pain of love in Hamlet.

Why is painful love so often intertwined with good literature. What is its never ending

appeal to readers?

2.3. Evaluative

These types of questions usually require sophisticated levels of cognitive and/or

emotional judgment. In attempting to answer evaluative questions, students may be

combining multiple logical and/or affective thinking process, or comparative

frameworks. Often an answer is analyzed at multiple levels and from different

perspectives before the answerer arrives at newly synthesized information or

conclusions.

2.4. Examples:

a. What are the similarities and differences between the deaths of Ophelia when

compared to that of Juliet?
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b. What are the similarities and differences between Roman gladiatorial games and

modern football?

c. Why and how might the concept of Piagetian schema be related to the concepts

presented in Jungian personality theory, and why might this be important to consider

in teaching and learning?

Objective:

At the end of this topic student would be able to:

 Understand Authentic Assessment

 Understand How it Developed

 Understand How it Works

 Understand Evaluating Student Learning

 Understand Performance assessment

Definition/Overview:

Assessing habits of mind over habits of recall is the driving mantra of this topic.

When teaching for scientific literacy it means that we are teaching science as attitudes,

process skills, and science content knowledge. With this in mind then we should prepare

assessments that measure all three, not just the students ability to repeat definitions of the

science content. We must realize however those tests have their limits. It is important to

know the purpose the test were developing. This topic asks the reader to reflect on this

question, What it the assessment designed to measure? The assessment should be aligned

with what was taught. What was taught should be aligned to state and/or national standards.

Clearly written objectives identified through a Table of Specifications can be used to guide

authentic assessment. Through authentic assessment the teacher will measure what the
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students can do by requiring a pictorial analysis, responses to a reflective question, and a

hands-on assessment that requires the students to apply their understanding of the concept in

a way different from that provided through classroom activities. Effective assessment

requires keeping detailed records. One should be able to tell the story of the students

achievement by the records kept of their science experiences. Using students to help develop

a rubric to score any end products required of the student places ownership for the

effort directly on the student. Other methods of keeping track of student progress can come in

the form of a simple spreadsheet to identify mastery of process skills or the attainment of

essential attitudes. A rubric identifying criteria required for student participation is also a

practical way of identifying what the students are capable of doing. Good assessment will be

both formative and summative. The formative assessment is designed to tell the story of what

the student knows and is capable of doing throughout the lesson. It can be used to identify

and correct student misconceptions. Summative evaluation provides the student with an

opportunity to demonstrate their total understanding of all lesson concepts. It provides a

picture of what the student mastered through participating in the lesson. This topic provides a

sample lesson plan with special attention called to the various kinds of assessment: pictorial,

reflective, and hands-on. These assessments can be used to provide the students with multiple

opportunities to demonstrate what they know and are able to do with their understanding of

the concepts developed in the lesson.

Key Points:

1. Authentic Assessment

Authentic assessment enables educators to determine students' skills, knowledge, and

competencies and to provide evidence of their learning. Utilizing a variety of performance-

based measures, complex rubrics, and real-world tasks, authentic assessment encourages

greater understanding of concepts in a meaningful context. Developed in response to the rote

memorization and less complex assessments of objective measurements such as multiple-

choice tests, which have been traditionally employed in education, authentic assessment

provides a more engaging and effective way to measure students' learning while promoting
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understanding and valuing the process of learning. This entry looks at how the process

developed and how it works.

1.1 How it Developed

In the 1990s, renewed interest in holding public education accountable led state legislatures

and the U.S. government to require ongoing and in-depth testing at various points in students'

educational careers. Performance-based funding initiatives in states across the nation ensured

that testing would become standardized in an attempt to homogenize the curricula and the

depth and breadth of student learning in various disciplines. Proponents of mandatory

standardized testing also endeavored to create normalized benchmarks of student

competencies across school districts and state lines in the nation.

Teachers soon discovered that standardized testing did not engender the in-depth

understanding that their students would need for lifelong learning. Grant Wiggins, a former

secondary school English and philosophy teacher, has been at the forefront of the authentic

assessment movement for the past twenty years. In his 1993 book, Assessing Student

Performance: Exploring the Purpose and Limits of Testing, Wiggins challenged the morality

of standardized testing and multiple-choice tests, which involve discrete and simple facts and

assess student learning on a superficial level of understanding. Wiggins posed authentic

assessment as an antidote to these less effective types of tests. Authenticity produces greater

student achievement and learning while providing relevant, contextual, real-world

applications of curricular concepts that incorporate problem-solving and critical thinking

skills.

Wiggins also has suggested that to design appropriate assessments, teachers need clearly

defined curricular goals; then, they can figure out what to assess and what data they need to

do so. In 1998, Wiggins and coauthor Jay McTighe further developed this idea in

Understanding by Design, which employs backwards design in curriculum and assessment

planning. This design encourages teachers to determine the results they seek, then identify

appropriate evidence of those results. After completing the steps, teachers plan learning

activities and determine instructional methods. Ultimately, teachers establish curricular

priorities based on their instructional objectives regarding three levels of knowledge,
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including material worth being familiar with, followed by knowledge important to know and

do.

The ultimate goal, Wiggins and McTighe have suggested, is that teaching will lead to

enduring understanding, whereby students are able to absorb more in-depth knowledge,

producing performances or exhibiting critical thinking skills that exceed in quality the

products of traditional instructional experiences. A focus on enduring understanding stresses

ideas, principles, and processes rather than simple facts, ensuring that students are able to

apply their knowledge in new ways and in different contexts.

1.2 How it Works

Teachers design successful authentic experiences when students employ a complex array of

critical thinking and problem-solving skills that involve independent research, analysis, and

application of knowledge. Students engaged in applying knowledge in new and meaningful

ways are expected to achieve enduring understanding, a characteristic of authentic

assessment.

Authentic assessment focuses on contextual learning in an environment that fosters inquiry

and enduring understanding using evidence collected by the teacher in ongoing evaluations of

student learning. The evidence of authentic learning involves documenting performances and

products developed during a unit or over a period of time, which may include observations,

dialogues, and students' self-evaluations. To employ authentic assessment methods, teachers

design open-ended, complex assignments.

As Wiggins and McTighe have noted, these tasks and projects replicate issues and challenges

faced by adults in real life and include short-term tasks as well as longer and more complex

projects requiring performances and production. Characteristics of performance tasks and

projects include a real or simulated setting, a targeted audience, a specific purpose that has

meaning or is of importance to the audience, the personalization of the students' experiences,

and the task, criteria, and standards for students before and during the learning activities.

Further, Wiggins and McTighe have explored the various qualities of authentic assessment in

six levels of understanding. They have suggested that students who truly understand concepts
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are able to explain, interpret, apply, see in perspective, demonstrate empathy, and reveal self-

knowledge, with clearly defined criteria for performance and production. As Wiggins

explained in Assessing Student Performance, authenticity is thus characterized by

intellectually challenging learning experiences that require students to be creative and that

involve and engage them with worthwhile problems and questions. Other examples of

authentic assessment include contextual learning, which replicates real-life situations or

employs actual problems that require students to apply a repertoire of skills and knowledge

that lead to a sound judgment or an effective solution.

Students who engage in tasks that require the development and creation of an actual artifact

or product according to preestablished criteria and standards are providing evidence of

authentic assessment. In addition, such assessment involves interactions between teachers and

students about the evaluation process itself and provides students with opportunities to justify

responses and to explain further through follow-up questions and challenges that allow for

feedback, correction, and improvement. These projects and performances also increase

students' engagement with both the process and the product, ensuring that students have

greater motivation and responsibility for their learning and teachers get feedback in order to

design ever more effective tools for evaluating them.

Ultimately, authentic assessment provides students with enduring understanding in a

meaningful context that replicates the experiences of living in a complex, ever-changing

society. In this way, as Wiggins and his colleague have suggested, authentic assessment

prepares students to negotiate the challenges of everyday life, the complex world of careers

and work, and the diverse needs of individuals and societies both now and in the future.

2. Evaluating Student Learning

Evaluation of Student Learning mirrors the performance that is of interest, require students to

construct or perform an original response, and use predetermined criteria to evaluate students'

work. The different uses of performance assessments will then be discussed, including the

use of performance assessments in large-scale testing as a vehicle for educational reform and

for making important decisions about individual students, schools, or systems and the use of

performance assessments by classroom teachers as an instructional tool. Following this, there
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is a discussion on the nature of performance assessments as well as topics related to the

design of performance assessments and associated scoring methods. The chapter ends with a

discussion on how to ensure the appropriateness and validity of the inferences we draw from

performance assessment results.

Evaluation can be defined as disciplined inquiry to determine the worth or merit of things,

where things may include programs, products, procedures, or objects. Although there is

agreement about the desirability of conducting evaluations that lead to such value judgments,

there are numerous related evaluation activities and models that do or do not do so. Those

have been called pseudo-evaluations because they lack such judgments. These less-than-

formal evaluations may be a piece of a larger set of evaluative activities, or they may be self-

contained studies that do not identify the value issues embedded in what is being evaluated.

In addition, it is possible that they are based on points of view that eschew making judgments

of worth. These differences of opinion emerge from the complexities of defining,

implementing, and reporting evaluation studies as they attempt to deal with the issues

discussed in this entry.

3. Performance assessment

Performance assessment is the formal and informal judgments of how well people complete

observable tasks. The two most common uses of the term performance assessment in

education relate to student achievement and employees, such as teachers, completing the

functions of their jobs.

The first use the assessment serves is what has been called the American meritocracy, which

is a way of determining who gets America's material rewards. Intelligence tests, and also

education itself, can't be counted on to find every form of merit. They don't find wisdom,

originality, humor, toughness, empathy, common sense, independence, or determinationlet

alone moral value. Student performance assessment is not presently able to provide

opportunity on the basis of the various forms of merit that a true meritocracy should have, but

it can measure some preestablished academic criteria. One important caution that has been

noted by some is that we need to be aware of the impact and limitations of what criteria are

used. In this regard, no amount of subsequent manipulation can eliminate all the initial biases
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that are imposed upon policy and program decisions in the selection of a specific model as a

guide to analyze performance.

There have been some improvements in measuring certain identified academic standards,

which some argue have a relationship with future potential to succeed within the present

university system and at some jobs. This is criterionrather than norm-referencedassessment,

which measures how well individuals perform in relation to a group of individuals. It should

be noted that there is a difference between norms and standards. That is, norms change,

standards do notstandards are fixed. Standards promote mixed ability grouping. Norms tend

to promote segregation of students by ability.

It is believed that good classroom assessment can improve student achievement. Alan

Glatthorn indicated that assessment-driven instruction entirely focused upon performance

assessment, from planning to execution. However, he cautioned that performance

assessments can have problems. It is important to identify the tasks to be assessednamely, the

standards that are established before teaching begins.

The second use of the term performance assessment deals with employee evaluation, most

often teachers. Teacher evaluation takes many forms.

The system used to assess teaching performance is important. One confusing aspect of

employee performance appraisal is the distinction that is made between formative evaluation

and summative evaluation. Formative evaluation occurs when the main purpose is to help an

individual improve performanceput another way, it forms a better employee. Summative

evaluation, on the other hand, results in a summation or final report as its main purpose and is

used to make a personnel decision (such as the nonrenewal of an employee's contract or a

promotion).

The distinction is blurred at least in part by the requirement in most states that in order to

nonrenew a teacher's contract, the summative evaluation must include at least documentation

of formative evaluation. Employees enjoy certain types of legislative protection within the

performance appraisal process. These legal issues are one of several reasons that can be

offered for paying more attention to the psychometric properties of performance assessments

(such as reliability and validity).
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Most personnel texts recognize the importance of reliability and validity. While reliability

deals with the various types of consistency that may or may not be in a process, the various

types of validity deal with how well the performance appraisal process performs relative to

the intended purpose of the procedure. The two most salient types of validity are content and

construct. Content validity, which is analytically determined, basically examines the process

to see whether it evaluates all that it purports to and only that which it purports to evaluate. In

other words, content validity evaluates whether there is anything deficient, or is being missed

(e.g., if creativity was important, is that part of what is being assessed?), or whether there is

anything contaminating the assessment (e.g., if classroom order were one aspect of the

process, that should not influence other aspects of the assessment), or whether there is

anything extra being assessed that should not be (e.g., if personal appearance was not

important to a particular school, then that would not need to be part of the assessment).

Construct validity, on the other hand, is more complex and involves multiple approaches

attempting to support the process in terms of whether constructs (such as leadership or

empathy) are accurately measured.

In conclusion, performance assessment in education has become an issue with very high

stakes while the field is struggling with the reliability and validity of both student and

employee assessments.

In Section 4 of this course you will cover these topics:
How Does Technology Enrich Scientific Inquiry?

How Do You Plan For And Integrate Science With Other Disciplines?

Objective:

At the end of this topic student would be able to:

 Understand Educational Technology

 Understand History

 Understand Hardware, Software, and Audiovisual Technologies

 Understand Technologies for Creating Learning Materials

 Understand Technologies for Facilitating Communication Among Participants in the

Learning Process

 Understand Technologies for Facilitating Evaluation
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 Understand Technologies for Managing Learning Activities

 Understand Standards for Learning Technology

Definition/Overview:

This topic examines the new National Educational Technology Standards (NETS) prepared

by the International Society for Technology Education (ISTE). These new standards assist

teachers in identifying the twenty-first century technology skills needed by our students. A

students skill level will determine the extent to which technology will be applied in the

classroom. Research has found that educational technology tools can increase student

interest, motivate learners, and impact student attitudes toward learning. In a constructivist

science classroom, when appropriately applied, educational technology tools are a natural fit.

The application of educational technology tools aligns nicely with the processes of science.

Using them can provide students multiple opportunities to practice science process skills

during inquiry-based lessons. Not all students are equally skilled in technology. The teacher

should prepare lessons that allow for the varied skill levels (novice, proficient, and scholar) of

the students. Many new collaborative tools are available via the internet. Use of tools like

wikis, blogs, and WebQuests can greatly enhance a students higher order thinking skills and

science process skills. Teachers skilled in selecting, evaluating, and safely using the

appropriate technology tools will better be able to meet this integration of technology

challenge. This topic provides a sample lesson, which demonstrates how to appropriately

apply educational technology standards into a science lesson, building in the teaching of

the technology tools as the students are learning the science concept. Networked classrooms

enhance communication, collaboration, and sharing of resources. Emerging technologies,

such as a personal digital assistant (PDA) are finding multiple uses in the classroom. The use

of assistive technologies promotes equitable use of technology and underscores the

importance of science for all children.
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Key Points:

1. Educational Technology

Educational technology can be thought of as the hardware, software, and thinkware of

learning, as well as related research theory that guides these efforts. This entry first defines

what educational technology is. Next, it presents a short history of the field. Then it presents

highlights of the hardware, software, and audiovisual technologies used by educational

technologists; processes and theories used by educational technologists; and research in

educational technology.

Educational technology is the study and ethical practice of facilitating learning and improving

performance by creating, using, and managing appropriate technological processes and

resources, according to the Association for Educational Communications and Technology

(AECT), the largest professional society focused solely on educational technology.

In practice, that encompasses several distinct areas of effort. One is planning and installation

of technology for education. Since the mid-1970s, this technology has increasingly meant the

computers used to teach and manage learning and related activities, but it also includes other

hardware and operating technologies, from film and audio equipment to LCD projectors and

other sophisticated projection systems.

A second area of focus for educational technologists is educational software. Some

educational technologists develop learning programs that can be taken on a computer. These

programs can be synchronous (occur when learner and instructor are both online at the same

time, such as in a chat) or asynchronous (instructor or learner are not online at the same time,

such as in a self-study tutorial). Other educational technologists develop software tools that

are used to develop these learning programs, such as virtual classroom software (like WebEx

and Centra), used to provide synchronous learning experiences, and software for creating

tutorials, called authoring tools (such as Dreamweaver Course Builder and Authorware). This

software focus is reflected in the definition of educational technology offered by the

International Technology Education Association (ISTE): Using multimedia technologies or

audiovisual aids as a tool to enhance the teaching and learning process.
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A third focus of educational technologists is the processes and products used to design

instruction. In these applications, technology refers to the sequence of activities and the

applications of cognitive psychology to the design of instruction, rather than a physical

hardware or a type of software. These activities are known as instructional-design, as phrased

by Charles M. Reigeluth.

In terms of academic study, educational technology is available as an academic degree from

universities in nearly every U.S. state, as well as in Australia, Canada, the United Kingdom,

and several countries in the Middle East and Asia. In its most academic form, educational

technology explores the following: the models and processes used to analyze, design,

develop, deliver, implement, and evaluate instruction; the technology used to support these

processesboth analogue and computer-basedin order to deliver learning materials, facilitate

communication, and provide assessment and feedback; the policies associated with these

practices; and the research that informs practice.

The academic study of educational technology explores learning throughout the life cycle,

from preschool through retirement education. Similarly, because educational technology

encompasses technology, learning, and design, it is an interdisciplinary field that draws upon

other fields such as educational psychology, developmental psychology, early childhood and

elementary education, higher education, adult education, computer science, ergonomics,

sociology, and communications studies.

1.1 History

Educational technology emerged as a field in its own right in the 1920s, though some

point to the initial development of human communications as one of the first

developments in educational technology, because these facilitated the exchange of

knowledge between members of tribes and from generation to generation. The

invention of writing and writing instruments, such as papyrus and pens, further

facilitated that process.

Modern educational technology charts its roots to the advances in media occurring in

the late 19th century, such as inventions of visual and audio recording and playback
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devices. Soon afterward, each found its way into education, as educational films (the

first appeared in the early 20th century), educational records, and the use of

photographs in textbooks.

During the 1920s and through the 1940s, with advances in other media, such as audio

recordings, radio, and motion pictures, the focus shifted from visual instruction to

audiovisual instruction. This trend continued through the 1950s with the advancement

of television. At this point in time, educational technology focused primarily on the

use of instructional media, and the field was commonly known as instructional

technology . In the 1950s, and most notably in the 1960s and 1970s, educational

technology became more and more complex. It grew from a discipline concerned

primarily with instruction using audiovisual aids to one concerned with systematic

instructional design. At the same time, the field of education began to see

instructional technology as a process that looks at instructional problems and explores

solutions to these problems.

As technological advances exploded with the computer revolution, educational

technology became a complex, integrated process that became increasingly

professionalized. The AECT developed a new definition of the field in 1977 that

included the importance of the planning and analysis phases of instructional design.

This definition also included a list of learning resources and clarified terms such as

learning problems and solutions. This new definition emphasized that instructional

technologists were interested in more than just the development and use of media. The

discipline began to attract individuals from various disciplines.

With the growth of the microcomputer, Internet, interactive video, and other

communication technologies, educational technology has become accessible to the

general public and to most organizations. In addition, behavioral learning theories,

which previously served as the basis of instructional design, gave way to cognitive

and constructivist theories. These developments led to a growing interest in the

development of instructional strategies that incorporated these new developments. As

a result, in the mid-1990s, a new definition of educational technology emphasized the

main areas of study and practice in the field; design, development, utilization,

management, and evaluation. The interrelationship of these domains emphasizes the

link between teacher, learner, and instructional method. The profession is now more
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concerned with the application of a variety of instructional techniques, ranging from

traditional lecture approaches to open-ended distance learning environments.

In the new millennium, the field has continued to grow and change as society and

learners evolve. The number of universities and the expansion of mass education

along with the inadequate funding provided by governments, as well as the

increasingly heterogeneous background of learners, are just some of the challenges.

Increasing numbers of knowledge workers are seeking jobs that correspond to new

job requirements. With the Internet, there has been an explosion in the volume of

information and potential knowledge available. All of these advances have led to a

more individualized type of education that is geared to specific needs, an education

that is sometimes distance-oriented but primarily subject-specific. As technology

becomes increasingly complex, there is a greater need for professionals who are able

to train and help users become adept and skillful in the use of the new technologies.

Although many in the field continue to work on media and tasks related to the

instructional process, many work in processes that are influencing the world as a

whole. As the world outside the university changes dramatically, there is an increased

demand for highly skilled workers, who need to be continually learning and

improving their professional technical skills. As a result, educational technologists

have been paying more attention to improving workplace performance and knowledge

management. As the academic world gradually adapts to the real world of

technological and societal changes and lifelong learning becomes critical to economic

growth and development, the field of educational technology responds. There is an

increased emphasis on independent learning, on developing social skills and

teamwork, on adapting to change, and on developing thinking and problem-solving

skills. As the volume of available information expands, it has become increasingly

important to develop systems that can help people get at and process this information.

Educational technologists are active in all these various areas.
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1.2 Hardware, Software, and Audiovisual Technologies

One area of focus within educational technology is the applications of technology in

learning. Technologies generally fall into these categories:

o Technologies for teaching and learning

o Technologies for facilitating communication among participants in the learning process

o Technologies for facilitating evaluation

o Technologies for managing learning activities

Because standardization of technology is essential to the smooth integration of

technology in education, any discussion of technology also addresses standards.

1.3 Technologies for Creating Learning Materials

Some argue that the first educational technologies include writing systems, papyrus,

and the writing instruments on which to place characters on the papyrus. One of the

purposes of ancient documents was to record history and key lessons so that future

generations might learn from them.

But the modern practice of educational technology begins with the introduction of

audiovisual technology in the late 19th and early 20th centuries. The technologies can

be categorized as follows:

Technologies for designing and developing the materials. Most of these technologies

were developed for assisting with the creation of content. One of the earliest

technologies was the typewriter, which enabled people to create content faster, more

legibly, and more consistently. Later versions of typewriters included the ability to

correct errors, change the look of the typeface, and save content, so revisions would

not require retyping. The advent of computers brought about word processing,

software that lets authors write, change, revise, and print text; desktop publishing,

which allowed the low-cost production of high-quality educational materials (before

that, material was prepared by hand with highly skilled labor); and software for

publishing materials online, including the HTML standard that lets Internet browsers
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like Mozilla Firefox and Internet Explorer display content produced from a variety of

sources. Whereas none of these technologies was specifically produced for

educational purposes, there was one that was: the authoring system, which is used to

create online learning programs for people with little or no knowledge of computer

programming. This software lets authors not only create the content but also

determine what it looks like and test learners' understanding of the content. One of the

first major authoring systems was PLATO; it appeared in the late 1960s and was

intended for mainframe computers. In the mid-1980s, several key authoring systems

for microcomputers emerged, including the Hypercard for the Apple computer, which

also had other purposes and was intended for people with limited computer literacy,

and Authorware, which was more sophisticated.

Technologies for producing the materials. This category includes equipment for

recording visual images (photography, film, and video cameras, as well as related

lighting) and audio (sound recorders, microphones). It also includes equipment for

developing photographs and editing visuals and sounds together into a single,

coherent product. In the past, this equipment worked with analog technology. Since

the early 1980s, recording and production have converted to digital technologies.

Note that these technologies were not developed specifically for use by educational

technologists. However, the price consciousness of many educational technology

departments provided incentives to manufacturers to develop more modestly priced

versions of this equipment.

Technologies for reproducing the learning materials, which involves making copies of

audiotapes, films, books, articles, and similar materials. These technologies were not

developed specifically for educational technologists, and many educational

technologists use outside companies to handle these tasks (and, therefore, have

limited exposure to them).

Technologies for playing the recordings or using the content, which involves the use

of specialized projectors and similar playback equipment that often cost thousands of

dollars. For audio, playback equipment includes record, tape, CD, and MP3 players.

For visual recordings, playback equipment includes film-strip and slide projectors.

For combinations of audio and visual recordings, playback equipment includes film

projectors and screens and video players and monitors. Audio and visual recordings
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have also been synchronized, such as slide-sound shows in which a slide projector

automatically advances a slide show when it hears a special sound from a tape

recorder. More recently, playback is available on computers, personal DVD players,

and personal digital assistants, like PalmPilots and iPaqs. Playback equipment also

includes equipment for projecting these visual images so large audiences can see

them. Projection equipment includes screens, LCD projectors, large screen monitors,

and rear-projection systems. Although none of these technologies was developed

specifically for the educational environment, versions of the products were adapted

specifically for educational environments.

Most of the technologies for creating learning materials require specialized

knowledge. As a result, the curricula of many academic programs in educational

technology programs include components on the use and operation of this equipment.

2. Technologies for Facilitating Communication Among Participants in the Learning

Process

A second group of educational technologies is intended to facilitate communication between

instructors and learners. These technologies can be categorized as follows:

Technologies for facilitating communication among the participants in the learning process.

In the late 19th and early 20th century, these technologies primarily included mail and

telephone. Both types of communication were intended for person-to-person communication.

With the advent of computer-based technologies, several new options emerged. Some

provided for person-to-person communication, including electronic mail (e-mail), Internet

telephony, and instant messaging (IM). Other options offered by the computer included

group-based communication. Early options included discussion lists (also called listservs,

which are ongoing e-mail exchanges among a group of registered participants) and discussion

boards, programs that manage discussions on a class of topics. With the advent of social

computing on the Web are wikis, which allow a group to rapidly create a work product

together online, and blogs (short for web logs), which are like online columns from a

newspaper or diaries, and to which readers can leave comments.
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Technologies for replicating the classroom through technology . These technologies allow

students to participate in class when they might not otherwise be able to, because of physical

condition, time constraints, or geographic constraints. Early technologies for replicating the

classroom include radio (such as the bush radio used in Australia) and conference calls by

telephone. By the mid-20th century, television classrooms emerged (in fact, the use of

television for learning was one of the reasons for establishing the U.S.-based Public

Broadcasting System, as well as several academic educational technology programs, like the

one at Concordia University in Montreal, Canada. Although some uses of television were

based on public broadcast, private, closed circuit television systems also were used, such as

the University of Minnesota's UNITE system and IBM's Interactive Satellite Education

Network. Most closed circuit networks had two-way communication ability, which means

that not only could students see and hear the instructor, but the instructor could see and hear

the students. By the mid-1990s, software had been developed that allowed educators to create

a classroom-like environment online. Called virtual classroom software, this software lets

instructors speak, show images, and interact with students in large and small groups and lets

students interact with their instructors.

3. Technologies for Facilitating Evaluation

A third group of educational technologies is intended to facilitate the process of evaluating

the learning process. A technology from the latter half of the 20th century is Scantron, which

lets instructors automatically grade exams with objective questions (true/false, multiple

choice) by having students fill out a form that can be read by the grading machine.

Most of the developments in this area of educational technology occurred after computers

came into common use. Some of these technologies focus on grading a particular assignment.

One is software that conducts entire tests online. Original versions of this software limited

educational technologists to objective questions, but later technologies have allowed

instructors to ask open questions (like essay questions) online. In most instances, instructors

need to grade those answers themselves. Although some software has been developed to

grade open questions, it is not yet in common use. A related technology lets instructors assess

the likelihood that an essay or similar written assignment is plagiarized.
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Other computer-based technologies for evaluating learning focus on broader issues. Portfolio

software lets learners create a process portfolio, which allows them to include a class

assignment and comment on what they learned from the assignment. An instructor, advisor,

parent, or peer can review the assignment and reflections and offer feedback. Another is

analytics software, which lets an administrator or manager compile statistics from a variety of

computer-based sources, such as information about students, enrollment, and grades, and

identify larger trends in the operation. Some of these analyses are presented as dashboards

(e.g., the analysis of the American Society for Training and Development), which look like

the dashboard of a car with a large number of indicators. When a problem seems to be arising

in one of the indicators, the system visually signals the manager by turning that indicator red

or orange.

4. Technologies for Managing Learning Activities

A fourth group of educational technologies is intended to manage learning activities. These

technologies assist with the management of class activities as well as broader activities of the

organizations that sponsor learning. Technologies for managing learning activities include

learning management systems, course management systems, and learning content

management systems.

Learning management systems. Learning management systems (LMSs), which act as

electronic registrars, perform some or all of the following tasks for both online and classroom

courses:

 Registration

 Tracking of participation (classroom attendance, sign-ons and sign-offs of online courses)

 Tracking of completions (including final scores or grades)

 Testing

 Providing aggregated reports, such as the numbers of people registered for particular courses

 Sharing information with other systems, such as human resource information systems

 Suggesting curricula for learners

 Tracking skills of individuals and groups of people within an organization
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 Providing learners with a one-stop shop for their learning needs (especially online programs)

and personalized information, such as a customized learning page that includes recommended

paths through learning material

Examples of LMSs include Saba, Plateau, and NetDimensions EKP.

Course management systems. Course management systems (CMSs) were originally designed

to support classroom learning in academic settings, such as universities and high schools.

CMSs provide instructors with the ability to do the following:

 Place course materials online. Most CMSs provide preprogrammed buttons for the course

syllabus, course schedule, and course materials linked to specific lessons, such as copies of

readings and Power-Point slides from lectures.

 Track student progress, through assessment features (which let instructors give quizzes and

tests online) and an online gradebook, where instructors can post student grades.

 Discuss readings with students and continue class discussions between formal class sessions,

through the use of a discussion board.

 Send announcements to classes and communicate individually with students.

 Provide a lock box for students, where students can store class materials (e.g., a presentation

to give later in class).

 Track course statistics, such as who used the course site and when.

Examples of CMSs include the commercial products Blackboard and WebCT and the open

source system Moodle.

Learning content management systems. Learning content management systems (LCMSs) are

software for creating, storing, retrieving, changing, and reusing material intended for use in

an online learning program. LCMSs also store test questions and can be used to track

activities in developing material. Finally, LCMSs can format the same content for

presentation online and in print, and with a number of word processes. Examples of LCMSs

include Eedo Force 10 and OutStart. Note that many LCMSs also have the registration and

management functions of an LMS.
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5. Standards for Learning Technology

Standards refer to rules that have been set up by various professional and trade organizations

to address a variety of aspects of the development and production of learning content, so that

content produced in one organization and on one brand of equipment can be easily used in

another organization on another brand of equipment. Although all types of learning

technologies involve the use of standards (e.g., how to take a photograph and ensure that the

slide projector plays it), standards have only become a significant concern to educational

technologists with the advent of online learning.

In technology for learning, a standard represents the last phase in a series of milestones

intended to develop an idea for coordinating interactions among software and devices. The

first phase results after someone or a group of people recognize a situation in which some

coordination of efforts will result in more efficient or economical interactions among

programs or some similar benefit to users. In many ways, this idea is similar to that proposed

by Geary Rummler and Alan Brache for human performance technology. They note that

efficiencies and improvements are often achieved by examining and reengineering the

interactions among groups within and across organizations.

6. Processes and Theories

The field of educational technology is guided by a family of processes that form the core of

most academic programs and are widely acknowledged by most practitioners. These

processes are also part of introductory training to people who work in the field but do not

have academic backgrounds in the field.

The core process followed by educational technologists is known as instructional systems

design, which is the recommended process used to design, develop, and implement learning

programs. Although more than 40 versions of this process exist, the core of each is the same

and is known as ADDIE, for analysis, design, development, implementation, and evaluation.

Analysis. To identify the desired outcomes, the current performance, and the reason that the

gap between current and desired performance exists. Analysis also identifies the intended

learners, as well as the conditions that affect the design, development, and delivery of the
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course, such as a tight deadline and a preference for learning in a particular format. The

products of the analysis process are a set of behavioral objectives, which define the learning

outcomes, and a test or similar assessment, which can be used to determine the extent to

which learners have mastered those objectives.

Design. To turn the requirements into a learning program. During design, the educational

technologist determines the medium of instructionsuch as classroom or computer-based

tutorialand the format of the course. The educational technologist also determines the

learning strategy to applythat is, the approach to presenting and reinforcing the learning

content, such as a mastery or discovery approach to learning. In many organizations,

educational technologists also prepare storyboards (initial drafts) of learning materials at this

time.

Development. To convert the design intentions into a working learning program. The actual

activities vary, depending on the type of course, but usually include preparing several drafts

of the content and obtaining reviews by subject-matter experts and editors and other

educational technologists, and piloting tests (i.e., trial uses of the content) with intended

learners.

Implementation. To make the learning program available to its intended learners. The actual

activities vary, but they usually include announcement of the availability of the program,

registration, and offering of the learning program. Implementation also encompasses the

activities involved in operating a learning program, such as setting up a classroom or

providing technical support for computers on which tutorials are taken.

Evaluation. To determine the extent to which the learning program achieved its objectives.

Although some refer to ADDIE as a model, it is neither descriptive nor predictive of actual

practice. Several empirical studies suggest, instead, that although ADDIE is an ideal process,

practicing professionals do not follow it. Rather, ADDIE is prescriptive of ideal practice in

the field.

Guiding each phase of ADDIE are additional processes, theories, and methods. For example,

guiding the development of objectives are approaches popularized by Bob Mager in the

1960s. There are a number of approaches that guide design. Some pertain to the use ofand
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choice ofmedia, best characterized by the debate between Richard Clark and Robert Kozma

on the role of media in instruction. Some approaches focus on appropriate strategies for

designing instruction. Among the most popular (but certainly not an exhaustive list) are

Robert Gagne's nine events of instruction; John Keller's attention, relevance, confidence, and

satisfaction (ARCS) model; and problem-based learning (D. H. Jonassen). Guiding the

development of learning programs are such approaches as advance organizers, theories of

document and information design, and even the appropriate use of audio and visual cues.

Different approaches guide evaluation, depending on the level of education. Guiding most of

them is the belief that assessment should focus on the extent to which learners can

accomplish the learning objectives (known as criterion-referenced testing). Although high-

stakes testing that is, standardized tests to assess the performance at a particular grade levelis

the type of assessment best known in primary and secondary education, using portfolios to

help both learners and teachers evaluate learning is gaining much interest among educational

technologists. In terms of evaluating training, Donald Kirkpatrick's four-level approach is the

most dominant. It evaluates satisfaction, learning, transfer of learning to on-the-job behavior,

and the impact of the learning on the organization.

In addition, some educational technologists are guided in their work by the principles of

human performance technology (HPT). HPT frames most issues addressed by its practitioners

as performance problems. Such problems might result from a lack of knowledge and skills

and can be solved by learning programs. But performance problems might also emerge from

a lack of resources (e.g., receiving training on a new software program but not having access

to that program) or motivation (e.g., fearing the loss of a job resulting from new technology).

Learning programs will not solve problems resulting from a lack of resources or motivation;

these problems require different types of interventions. HPT emerges from the workplace.

Although its advocates claim that HPT applies to all of the environments that educational

technologists address, the overwhelming body of evidence is focused on the workplace.

7. Research and Theory

Research in educational technology has four key streams. The first stream of research focuses

on the design of instruction. Early research tended to focuson the design of individual lessons

and courses. Some studies focused on validating a particular design strategy. For example,
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studies in the 1950s and 1960s focused on applications of programmed instruction, a type of

instruction that breaks learning down to its smallest tasks and involves teaching a topic one

micro task at a time. Other studies compared instruction in different media, such as online

versus classroom instruction. The dominant research methods used for both types of studies

was experimental (either control group or quasi-experimental). In many cases, researchers

present experience reports, that is, reports and some research results based on their own

classroom experience. More recently, research in this area has focused on learning sciences,

which, as defined by the International Society on Learning Sciences, uses empirical

investigation of learning as it exists in real-world settings and how learning may be facilitated

both with and without technology. Studies explore issues of learning, teaching, and design

and often employ qualitative research techniques.

The second stream of research is similar to the first but focuses on applications of hardware

and software technology to learning. In the earliest days of the field, the research focused on

the use of film and audio recordings for learning. As television came into wider use, research

focused on its use. In fact, the use of television for learning gave a boost to the field, because

many governments wanted to use television in teaching at all levels. Since the 1980s, most of

the research has focused almost exclusively on uses of computer technology in learning.

Some of the research attempts to provide proof-of-concept for specific technologies in well-

defined learning contexts, such as uses of intelligent tutoring in mathematics and classroom

response monitoring systems (in which students are provided with a key pad to type in

responses to multiple-choice and similar questions) in large classes. Some of the research

explores ways to use technologies, such as some of the recent research on mobile learning

(learning using personal digital assistants, like PalmPilots) and podcasting (use of audio and

video recordings broadcast on MP3 players like an iPod). Some of the research focuses on the

technology used to manage learning, such as LMSs, which are widely used in the workplace

to help workers enroll in and take courses, and CMSs, which are widely used in universities

to help extend the classroom experience online by providing a place where instructors can

distribute syllabi, assignments, and readings, as well as hold ongoing discussions with

learners. This research often takes the form of experimental and quasi-experimental studies,

but similar to research on the design of instruction, it increasingly incorporates qualitative

techniques.
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The third stream of research focuses on resources that complement the learning process.

Often, these studies explore phenomena that are both a type of learning program and a type of

software. For example, according to David Wiley, one area of great interest in the first half of

the 2000 decade is reusable learning objects, which are materials designed for learning in one

context but available for use in others. Also of great interest are portfolios, especially

electronic ones, which, as mentioned earlier, are used for evaluation of learning.

The last stream of research focuses on the practice of educational technology . Most of this

research focuses on the practice of instructional design. Some studies focus on which skills

instructional designers use on the job; others focus on how extensively instructional designers

practice ADDIE. Most of these studies are survey-based, but some of the more extensive ones

use methodologies like developing a curriculum (DACUM) and are the basis of certifications

in the field. In addition, some recent studies partially or completely employ qualitative

techniques to compile rich description of the environmental factors affecting the design of

learning.

Regardless of the stream of research, most research in educational technology tends to have a

micro focus, that is, a focus on individual learning situations, such as a comparison of a

course taught in two different environments or the application of a particular technology to a

particular learning problem, such as the design of an intelligent tutoring system for solving a

particular type of mathematical problem.

The early use of the experimental technique in research on educational technology is

representative of the field's roots in behaviorism. Indeed, many of the early researchers in

educational technology, such as Tom Gilbert and Robert Gagne, had worked with B. F.

Skinner. But the field has increasingly embraced cognitivism and constructivism, as

researchers become aware of the situational nature of learning and want to find stronger ways

to reflect that in the research. One of the many responses to this shift is design research,

which attempts to study the development of a course and use the research to inform its

ongoing development.
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Topic Objective:

At the end of this topic student would be able to:

 Understand Integrating Curriculum

 Understand Integration of Science with Other Disciplines

 Understand Models of Integration

 Understand Planning for Curriculum Integration

 Understand Will Integrating Make a Difference?

Definition/Overview:

State and/or national standards should guide lesson development. However, the standards

should not be treated simply as a to do list. The temptation to treat them this way occurs

when one gets overwhelmed just thinking about trying to address the standards for the four

major disciplines of science, mathematics, social studies, and language arts all in one school

day. To complicate matters schools are now expecting the teacher to also address state and/or

national standards for technology. This topic provides the answer to the question How can

I effectively address the standards for all of the major disciplines in one school day?

Integration of the disciplines becomes almost essential in answering this question. It can be

effective when done thoughtfully. Some refer to integration as cross-curricular teaching, or

thematic instruction. Approaches to integration include looking across the standards and the

use of a driving question. When using an across the standards approach to integration this

topic encourages the teachers to perform a standards similarity analysis. The authors have

provided in Table 9.1 their analysis of the standards, identifying similar strands that appear in

each of the disciplines. Each discipline has a recognized body of content knowledge unique

to that discipline. Similarities start to show up when one looks at the skills required to gain a

better understanding of the content of the discipline. Many of the disciplines encourage

teachers to make links between that discipline and technology, and real world connections.

Each places an emphasis developing an understanding in students on the very nature of that

particular discipline. By using a driving question approach to integration the teacher must be
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thoughtful about the development of the question. It should be designed so that the students

are required to examine the links between the disciplines to solve the problem. Questions that

make real world connections work well to capture student attention and instill the need to

develop scientific investigations to solve the problem. This topic provides sample lesson

plans to showcase the differences between the two approaches to integration.

Key Points:

1. Integration of Science with Other Disciplines

Science is paradoxical. It is both process and product. It also defies brief yet comprehensive

definition. As process, it involves particular ways of knowing that value reason, logic,

observation, imagination, experimentation, and validation. As product, science is a resultant

body of knowledge about nature derived by its practitioners and theorists using such

consensual ways of knowing. Science's integration with mathematics and technology

comprises what historians call the scientific endeavor, a human project to understand the

natural world and the universe.

In the school curriculum, science is one of the four core academic subjects taught in Grades

K12, along with English, mathematics, and social studies. Its importance as a core subject

was once again validated in the 2001 No Child Left Behind Act, the current major federal law

for K12 education. In many ways, the spirit of this law reflects changes in science

educational thought and subsequent curricular revision across the past two decades.

In 1985, the American Association for the Advancement of Science (AAAS) launched its

longterm K12 science education reform campaign named Project 2061. Because 1985 was

also the year that the ever-popular Halley's Comet was visible from Earth, the intent of using

the year 2061 in the project's title was future oriented. That distant year, 2061, was to serve as

a numerical reminder that the children starting school in 1985 were likely to be alive to see

the predicted return of Halley's Comet in 2061. In contrast to the many shortsighted, short-

term science education reform efforts of the past, Project 2061 was to be both anticipatory

and sustained, ever mindful that today's science curriculum would shape the quality of these
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youngsters' lives as they developed and then matured during the twenty-first centurya period

of even more rapid scientific and technological change. Thus, science teachers' and students'

requisite knowledge and skill bases (i.e., the science curriculum) needed to evolve in

synchrony with accelerating societal and knowledge evolution.

In contrast to the past, the focus of the AAAS reform effort was not on creating new scientists

or keeping the economic engines of technology humming or racing another country into

space, but to populate the nation with scientifically literate citizens. It was to be science for

allnot just for the chosen few who excelled. AAAS defined science literacy broadly,

emphasizing the connections among carefully chosen key ideas in the natural and social

sciences, mathematics, and technology. Project 2061's primer on the subject was Science for

All Americans. This book set forth national consensus-based recommendations for what all

students should know and be able to do in science and technology by the time they graduated

from high school. It is accurate to say that almost all K12 science curricula in U.S. schools

today have their roots in this landmark document. A countervailing book, The Myth of

Scientific Literacy, written by physicist Morris H. Shamos, who contended that striving for

universal science literacy was a futile educational goal, failed to negate its influence, and the

scientific and science education communities rallied around the themes of science for all and

science literacy. They also endorsed the idea of setting national science standards in such an

egalitarian context.

The second most influential publication of AAAS was the book Benchmarks for Science

Literacy, published in 1993, which translated the science literacy goals in Science for All

Americans into learning goals (or benchmarks), demarcated within grade ranges (or grade

bands), for Grades K12. AAAS drew upon and cited exemplary science education research as

justification for its decisions. The majority of today's state science curriculum framework

documents have drawn their content from the AAAS Benchmarks, as well as from the

National Research Council's derivative yet more expansive consensus document, the National

Science Education Standards.

It is important to note that the National Science Education Standards do not require a specific

science curriculum. A curriculum is a design for how content is to be organized and taught in

the classroom. The content identified in the Standards can be organized and presented with

varied emphases, and from multiple perspectives via many different curricula. However, state

departments of education now require that all science classroom materials and experiences be
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aligned with state and national standardsboth in content and processand must reflect an

appropriate developmental level and level of depth of the standard for a given science grade

level. Some states are even developing more explicit documents called grade-level

expectations (GLEs), statements that define what all science students should know and be

able to do at the end of a stated grade level, adding further definition and specificity to the

state/national content standards and benchmarks.

Paralleling the influence of the inclusive science literacy and science standards movements

are science education research advances (for example, the thousands of research studies

worldwide on students' scientific thinking and their misconceptions about important science

concepts, principles, and theories) that have led science curriculum evaluators to ask

questions such as these:

 Constructivist learning theory: Do the curriculum materials and experiences offer adequate

opportunities for students to construct a sound procedural and conceptual understanding of

the standards-based science content and to apply their new understanding in both authentic

and novel situations?

 Sociocultural learning theory: Is the science student an integral part of a social group or

ensemble engaged in collaborative learning activities, and may that social group change

throughout the activity? Is this science learning activity informed by the individuals who

comprise the social group; yet does the activity reciprocally inform the individuals within the

group? Is this social learning activity mediated by appropriate tools, language, people,

symbols, signs, and actions?

 Inquiry-based instruction: Is the development of scientific inquiry abilities an explicit student

learning goal? Are these to be learned directly, via student investigations? Will students'

investigations lead to deeper understanding and greater transfer of knowledge? Can teachers

select specific inquiry abilities on which to focus and develop strategies to achieve those

outcomes?

To end on a cautionary note, despite all the progress that has been made in reenvisioning K12

science education, Paul Adams and Gerald Krockover's research indicated that contrary to

their reformed preservice teaching experiences, beginning science teachers often implement

traditional survival strategies instead of the innovative instructional moves advocated by the

National Science Education Standards. James Ellis wisely distinguishes between the intended

curriculum, the enacted curriculum, and the assessed curriculum. Like a food product that
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moves from farm to processor to distributor to consumer, each stage along the way can

impact quality negatively. Even if the intended science curriculum meets criteria of

excellence, the enacted science curriculum and/or the assessed science curriculum may

misguide and misrepresent students' science learning. The challenge for educational

leadership is even greater than that needed to protect the food chain: All three stages of the

science curriculum must be monitored for qualityyet be continuously updated and upgraded,

and remain in sync.

2. Integrating Curriculum

Lessons can become more meaningful to students and save teachers valuable time when

subjects are integrated properly, not superficially. A school's curriculum can appear

unrelated, fragmented, or somewhat disjointed if not done with an end in mind. This

fragmentation or disjointedness often affects students and their views of the experiences

being given them in school. Various curriculum-integration techniques, however, can be used

to help make the big picture more understandable to students; and these have the added

benefit of allowing teachers to focus better on teaching and student learning.

Jacqueline Anglin's (1999, 3) insight that "integrating curriculum correctly requires more

than combining two subjects, or turn teaching" was right on track. The notion of integrating a

curriculum is more than connecting pieces so that students can see the bigger design. In

effective curriculum-integration models, knowledge is meaningfully related and connects in

such a way that it is relevant to other areas of learning as well as real life. Of course,

sometimes integration is not the best approach to teaching. Integration just for the sake of

integration even can interfere with learning if constructed activities are not meaningful.

To integrate a curriculum is to combine subjects to meet objectives across the curriculum, not

just objectives pertaining to one subject. For example, while studying Indians in social

studies, reading could be integrated by including both fiction and nonfiction stories about

Indians. Viewing and recreating Indian art could meet art objectives. Charting the locations

of various tribes and calculating mileage between different tribes or distances tribes traveled

could meet geography and math objectives.
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An interdisciplinary or integrated curriculum allows students to make connections among

various subjects, while also helping to solve the teacher's dilemma of having so much to

accomplish in a limited time. An integrated curriculum, by nature, ties an individual subject

to the circle of educational experiences and learning, thus reducing the need for teachers

formally to make every lesson a connection to life. The saved time allows teachers more

opportunities to accomplish tasks on their ever-growing "required" lists.

3. Models of Integration

The current trend to implement an integrated curriculum is not a new idea. Vars (1991) traced

the evolving concept of the core curriculum back to Herbert Spencer's writings in the 1800s.

By the late 1930s and early '40s, the term "core curriculum" had become part of the literature

in various state and national curriculum- reform efforts, most significantly the progressive

education movement. In 1942, the concept of core and integrated curriculum was being tested

in the famous Eight-Year Study of the Progressive Education Association. By the late 1980s,

more than 80 normative or comparative studies had been conducted on the effectiveness of

integration. These studies found that programs using integration or an interdisciplinary

curriculum almost always produced equivalent or even better scores on standardized

achievement tests than those where students were taught through the traditional discipline-

oriented format.

Today, these are some of the more popular curricular models that have evolved and currently

are being used:

 The connected integration model does not integrate various subjects, but focuses on

integrating skills or concepts within a subject. For example, a science teacher can relate a

geology unit to an astronomy unit by emphasizing that each has an evolutionary nature.

 The nested integration model focuses on natural combinations. For instance, a lesson on the

circulatory system can integrate the concept of systems as well as demonstrate "cause and

effect" on specific understandings of the circulatory system.

 In the sequenced model, units are taught separately, but are designed to provide a broad

framework for related concepts. For example, while reading A Taste of Blackberries, a

parallel lesson on bees could be taught in science.
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 The shared model looks for overlapping concepts and involves coordinated planning between

two teachers of different subjects. A literature teacher and a history teacher, for example, may

team up to teach an historical perspective of the concepts of segregation and desegregation by

reading Roll of Thunder, Hear My Cry.

 The webbed model generally uses a theme to connect all subject areas. If the theme were

Christmas, for instance, literature classes might read A Christmas Caro. In math, students

could calculate the costs of their Christmas lists. Social studies classes might research

Christmas in other countries. In language arts, students could write about their favorite

Christmas. In science, lessons could focus on weather or flying machines.

 The threaded model "threads" thinking, social, or study skills to connect learning across the

curriculum. For example, sequencing is a skill taught primarily in reading, but can be

threaded into the other subjects. In social studies, students could put in order the voyages of

Christopher Columbus and the events leading up to them. In math, patterns of numbers could

be explored. In science, the steps of succession of a dying or dead forest could be explored.

And in health, students could study the steps in digesting food.

 The integrated model blends the four major disciplines by finding concepts or skills that

overlap. The most popular example of this model is the whole-language approach that is now

being implemented in many elementary schools. This method blends the skills of reading,

writing, speaking, and listening using literature as a theme.

 The immersed model advocates that integration take place within the learner with little or no

outside help. For example, a student who has a love for horses reads about horses, writes

about them, draws pictures of them, and longs to learn more about them and possibly become

a horse trainer or veterinarian.

 The networked model allows for exploration, experimentation, and participation. A student's

fascination with the solar system and space travel, for instance, directs his or her reading

choices or television viewing. Teachers or family members cognizant of this child's interest

encourage him or her by allowing the student to go to space camp.

Robin Fogarty made a wonderful analogy of these models by comparing them to visual

devices:

The connected model of the integrated curriculum is the view through an opera glass,

providing a close-up of the details, subtleties, and inter-connections within each subject

area.? . . . The nested model views the curriculum through three-dimensional glasses,
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targeting multiple dimensions of a lesson. . . . The sequenced model views the curriculum

through eyeglasses: the lenses are separate but connected by a common frame. . . . The shared

model views the curriculum through binoculars, bringing two distinct disciplines together

into a single focused image. . . . The webbed model views the curriculum through a telescope,

capturing an entire constellation of disciplines at once. . . . The threaded model views the

curriculum through a big magnifying glass: the 'big ideas' are enlarged throughout all content

with a metacurricular approach. . . . The integrated model views the curriculum through a

kaleidoscope: interdisciplinary topics are rearranged around overlapping concepts and

emergent patterns and designs. . . . The immersed model views the curriculum through a

microscope. It filters all content through the lens of interest and expertise. . . . The networked

model views the curriculum through a prism, creating multiple dimensions and directions of

focus.

 Group Heading 1

4. Planning for Curriculum Integration

Integrating the curriculum of a school takes planning. Jacobs (1991) developed a four-phase

plan that can be accomplished in three years:

 Phase I (six months to one year) is research. Internal research is conducted to plot the units of

study taught on a monthly basis- to find out when students are studying certain subject

matter, to reduce repetition of material from year to year and to identify units of study that

lend themselves to an interdisciplinary approach. Staff members conduct external research by

attending conferences, making onsite visits, or arranging in-service activities.

 Phase II (two to four months) is development of a proposal. Potential areas for

interdisciplinary units are assessed, and an existing unit of study is upgraded to include

integration of various subjects. On completion of the proposal and its review at higher levels,

classroom implementation of a pilot program may follow.

 Phase III (two to six weeks) is implementation of the pilot program. This phase includes

assessment by the teaching staff involved in the pilot. The program is monitored and

evaluated, and feedback is given.
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 Phase IV (third year of plan) is adoption of the program based on the feedback and evaluation

from the pilot phase. Adding the program to the existing curriculum is often constrained by

time; replacing the curriculum with the new one is much more common. For example,

English, social studies, and art are replaced by humanities.

 Planning for curriculum integration on a daily basis for individual cla\ssrooms is equally

important as planning integration at the system level. To assist teachers in curriculum

integration, Palmer suggested the use of a "planning wheel"-a device that "allows for teachers

to focus on a specific subject area while identifying appropriate connections with other

content." Palmer's steps for implementing the planning wheel follow:

 Step 1: Identify common goals, objectives, themes, and skills among the different subjects.

 Step 2: Develop a sample planning wheel to illustrate the kinds of connections to be made.

The focus of the unit, such as nutrition (in a health class), is listed in the middle of the wheel.

On the outside of the wheel are other subjects, and under each are listed activities related to

the focus-for example, under math, calculating calories for dietary planning; under language

arts, writing about foods from other cultures; under music, singing songs about food; under

physical education, determining correct amounts of exercise to burn calories.

 Step 3: Planners of curriculum use the wheel as an aid to organizing and planning new

curricula.

 Step 4: In-service activities are held to train teachers on how to implement the proposed

integrated curriculum.

5. Will Integrating Make a Difference?

Integration may not work, especially when curriculum integration is implemented merely for

the sake of integration. In fact, integration can be counterproductive when activities originally

intended to combine subject matter and objectives in a meaningful way lack educational

value, or meet objectives in one subject while failing to satisfy objective requirements in the

other subjects. Activities such as alphabetizing state capitals or counting states in a

geographical region are not valuable lessons in the area of social studies. These activities

would be done just for the sake of integration and are more or less busywork.

Not only are some activities meaningless, but they also may be time-consuming or costly-for

example, carving pumpkins to look like U.S. presidents. Too often, teachers integrate
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superficially with activities devoid of curricular value. One teacher attempted to integrate

math and social studies by having students fill a matrix with the actual numbers of the

constitutional amendments, thinking this represented a math objective because the students

were "using" numbers

Section 5 of this course you will cover these topics:
How Can You Design And Manage A Safe Inquiry-Based Science Classroom?

What Materials And Resources Promote Inquiry-Based Science

Topic Objective:

At the end of this topic student would be able to:

 Understand Safety Equipment:

 Understand Safety in the Science Classroom

 Understand Lab safety

 Understand Characteristics of scientific laboratories

 Understand Science laboratory

Definition/Overview:

With the National Science Teachers Association recommending that elementary students

spend 80% of their science instructional time doing hands-on activities, the need to focus on

safety is all the more necessary. Addressing safety concerns is essential to an inquiry based

science classroom. Safety hazards can be eliminated when one starts with a well-organized

classroom. This topic merges those two important aspects of safety: safe science with

materials management and classroom space. Addressing both supports constructivist-learning

experiences for the students and the teacher. We begin with safety, believing that one who

develops an attitude of thinking safely also plans and functions for safe and efficient learning.

The readers are asked two key questions to guide them in planning science activities: 1) What

is the educational value of the activity? 2) What are the foreseeable hazards associated with
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the activity? A detailed discussion of the legal responsibilities for the classroom teacher and

various safety factors about matters such as maintenance are included in this topic. Samples

of student safety contracts, an accident/incident report form, and a sample request form for

correction of safety problems are included in the topic. Teachers must understand their legal

responsibilities and attend to the safety equipment needs as a part of safe and efficient class

management Teachers should ask themselves would other teachers with similar training

attempt to do this activity? Is it appropriate for the physical and mental development levels of

my students? Do I have adequate safety equipment available for my students? Safety

equipment concerns should be pointed out both verbally and in writing to school

administrators. Due care should be exercised as the students are engaged in the activity. The

students should be apprised of safety rules before any activities begin, and students

should assist in writing safety contracts. A sample lesson plan is provided in this lesson

where particular safety concerns for each phase of the lesson are called out and emphasized

through teacher directions and careful supervision. Maintaining an organized and well-

managed classroom facilitates safe science practices. Determining the storage and

accessibility of materials is central. Once the teacher knows the science concepts to be taught,

then decisions must be made as to what kinds of materials will be necessary to effectively

teach those concepts. Tips on what and how to order materials are provided in this topic. A

discussion of classroom storage versus central storage is included. Key to the storage

question is how the classroom will be managed. Questions answered by this topic include:

Will the classroom atmosphere be one where science exploration can go on freely? Will the

students be allowed access to science materials for individual exploration or will materials

only be made available at certain times of the day? Will science teaching take place in large

or small groups? Will a science learning center be maintained?

Key Points:

1. Science laboratory

A laboratory is a facility that provides controlled conditions in which scientific research,

experiments, and measurement may be performed. The title of laboratory is also used for
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certain other facilities where the processes or equipment used are similar to those in scientific

laboratories. These notably include:

 the film laboratory or darkroom

 the computer lab

 the medical lab

 the clandestine lab for the production of illegal drugs

Scientific laboratories can be found in schools and universities, in industry, in government or

military facilities, and even aboard ships and spacecraft. A laboratory might offer work space

for just one to more than thirty researchers depending on its size and purpose.

2. Characteristics of scientific laboratories

Labs used for scientific research take many forms because of the differing requirements of

specialists in the various fields of science. A physics lab might contain a particle accelerator

or vacuum chamber, while a metallurgy lab could have apparatus for casting or refining

metals or for testing their strength. A chemist or biologist might use a wet laboratory, while a

psychologist's lab might be a room with one-way mirrors and hidden cameras in which to

observe behavior. In some laboratories, such as those commonly used by computer scientists,

computers (sometimes supercomputers) are used for either simulations or the analysis of data

collected elsewhere. Scientists in other fields will use still other types of laboratories. Despite

the great differences among laboratories, some features are common. The use of workbenches

or countertops at which the scientist may choose to either sit or stand is a common way to

ensure comfortable working conditions for the researcher, who may spend a large portion of

his or her working day in the laboratory. The provision of cabinets for the storage of

laboratory equipment is quite common. It is traditional for a scientist to record an

experiment's progress in a laboratory notebook, but modern labs almost always contain at

least one computer workstation for data collection and analysis.
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3. Lab safety

In some laboratories, the conditions are no more dangerous than in any other room. In many

labs, though, hazards are present. Laboratory hazards are as varied as the subjects of study in

laboratories, and might include poisons; infectious agents; flammable, explosive, or

radioactive materials; moving machinery; extreme temperatures; strong magnetic fields or

high voltage. In laboratories where dangerous conditions might exist, safety precautions are

important. Rules exist to minimize the individual's risk, and safety equipment is used to

protect the lab user from injury or to assist in responding to an emergency.

4. Safety in the Science Classroom

The following standard operating procedures will apply to all high school science

laboratories. Students must adhere to these rules and practice acceptable behaviors to make

these areas safe for ALL students.

Safety Rules:

 Students may not work in the laboratory without a certified science instructor present.

 Only students registered for the class are allowed in the laboratory.

 No backpacks or purses are allowed in the laboratory area.

 Do not handle equipment and supplies set up in the laboratory until given instruction to do so

from the instructor.

 Clothing and attire should provide protection from hazardous substances.

 Eye protection must be worn when required by the lab instructor. Students must purchase

safety goggles approved for use by AASD.

 Personal protective equipment such as gloves and a laboratory apron should be used at the

direction of the laboratory instructor.

 No eating or drinking is permitted in any science classroom unless a consumable is part of a

laboratory procedure and the instructor gives permission to eat the consumable.

 Never place anything in the mouth while in the laboratory except as directed by the

instructor.
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 Smell chemicals only by wafting a small amount of vapor toward the nose with the hand.

 No unauthorized experimentation is allowed. Do not change written laboratory procedures

without the permission of the instructor.

 Follow laboratory procedures carefully and accurately. Do not proceed with any experiment

if you do not understand the procedure.

 All chemical names and identities should be carefully double-checked prior to use.

 Laboratory fume hoods should be used for all operations which have the potential to release

fumes, gasses, or volatile solvent vapors in excess of recommended exposure levels. Notify

the instructor if you think the fume hood is not functioning properly.

 Clean up spills promptly. If you have questions on spill clean up, ask the instructor. Do not

attempt to clean up spilled mercury. Notify the instructor immediately.

 Clean up broken glass using a broom and dustpan and dispose of in the proper container,

NOT in the wastebasket.

 Proper disposal of laboratory waste is essential. Do not dispose of any chemical in the sink

without approval from the instructor. Use appropriate waste containers when provided.

 Students should clean the work area and wash hands thoroughly before leaving the room.

 Report all injuries, no matter how minor, to the instructor. The instructor will give guidance

on the treatment needed and direct the student to the health room, if needed.

5. Safety Equipment:

 Students should know the location of and how to operate all available safety equipment. This

includes: eye wash stations, safety showers, fire extinguishers, fire blankets, first aid supplies,

and master shutoffs for gas, electricity and water.

 Students should know the location of emergency telephone numbers and how to use them

Topic Objective:

At the end of this topic student would be able to:

 Understand Characteristics of inquiry-learning

 Understand Effects Of Inquiry Based Science
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 Understand Philosophy

 Understand Inquiry-Based Learning In Science Education

 Understand Inquiry-based science

Definition/Overview:

This topic provides an overview of the dominant beliefs, research, and assumptions

that underlie resources developed for science teaching. A quick look at early science

education reform is provided as context for an understanding of todays exemplary resources.

Early programs such as SAPA, SCIS, and ESS yielded conclusions about effective practices,

which increased pupils' science achievement, skills, and attitudes. Many of todays resources

reflect the best of the lessons learned through these early science programs. Todays science

textbooks more closely align with the National Science Education Standards for content and

for teaching. Some problems with gender bias, lack of examples with underrepresented

populations, and heavy emphasis on vocabulary still can be found. This topic reminds

classroom teachers of these shortcomings so that the textbook does not become the science

curriculum. Tips on selecting and using textbooks are provided in the topic. Science teachers

are reminded to review and use a variety of resources when planning and delivering student

centered, standards based, and perhaps technology rich science lessons. Trade books are one

resource that can be used to spark interest and provide content written at the student level.

The teachers are cautioned that not all trade books are created equal. It is not uncommon to

find a trade book with a science related theme that contains misconceptions. While many

other resources have been developed to provide teachers with additional content knowledge

and student centered activities to teach science concepts, it is important that

teachers understand how to identify those that exemplify best practices. Skills on how to

identify best practice resources are provided in this topic. The resources that exemplify best

practices cover a wide range of science themes. Those that address environmental issues

include Project Learning Tree, Project Wild and Aquatic Project Wild, and Project Wet. The

Lawrence Hall of Science has developed a program, PEACHES, to specifically target

children of ages 4-6. Other resources are designed to model the integration of science and

mathematics such as the AIMS and GEMS materials. There are even resources for students
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that are visually impaired and for those that have physical handicaps (SAVI/SELPH).

Resources such as these and several others are explored within this topic. A model lesson is

provided in this topic to showcase how an existing resource, in this case a Project Learning

Tree lesson, can be modified to follow a learning cycle using the 4-E approach to teaching. A

final resource, not to be overlooked, when planning and delivering student centered,

inquiry based, constructivist science lessons are human resources. This topic provides an

extensive list of various people that could come into your classroom to provide a real-world

context to the learning of science concepts. Suggestions on how to use human resources

within the classroom are provided in this topic.

Key Points:

1. Inquiry-based science

Inquiry-based science describes a range of philosophical, curricular and pedagogical

approaches to teaching. Its core premises include the requirement that learning should be

based around student's questions. Pedagogy and curriculum requires students to work

together to solve problems rather than receiving direct instructions on what to do from the

teacher. The teacher's job in an inquiry learning environment is therefore not to provide

knowledge, but instead to help students along the process of discovering knowledge

themselves. In this form of instruction, it is proposed that teachers should be viewed as

facilitators of learning rather than vessels of knowledge. Even though this form of instruction

has gained great popularity of the past decade, there is plenty of debate about the

effectiveness of this form of instruction.

Inquiry-based learning is an instructional method developed during the discovery learning

movement of the 1960s. It was developed in response to a perceived failure of more

traditional forms of instruction, where students were required simply to memorize fact laden

instructional materials. Inquiry learning is a form of active learning, where progress is

assessed by how well students develop experimental and analytical skills rather than how

much knowledge they possess.
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This type of instruction has great popularity, but like other approaches to education, its

effectiveness is open to debate.

2. Inquiry-Based Learning In Science Education

Inquiry-based learning has been of great influence in science education, where it is known as

Inquiry-based science, especially since the publication of the U.S. National Science

Educational Standards in 1996. Since this publication some educators have advocated a

return to more traditional methods of teaching and assessment. Others feel inquiry is

important in teaching students to research and learning (e.g., see Constructivism (learning

theory)). Scientists use their background knowledge of principles, concepts and theories,

along with the science process skills to construct new explanations to allow them to

understand the natural world. This is known as "science inquiry". When students are learning

using inquiry-based science they use the same ideas as scientists do when they are conducting

research. Students become 'mini-scientists.'

2.1 Philosophy

The philosophy of inquiry based learning finds its antecedents in the work of Piaget, Dewey,

Vygotsky, and Freire among others.

Deweys theory of learning is that optimal learning and human development and growth occur

when people are confronted with substantive, real problems to solve. He believed that

curriculum and instruction should be based on integrated, community-based tasks and

activities that engage learners in forms of pragmatic social action that have real value in the

world.

The focus on the teacher as expert is central to Vygotskys learning theory. He proposed that

cognitive development is the product of social and cultural interaction around the

development and use of tools of a cognitive, linguistic and physical nature. Learning occurs

in a Zone of proximal development where authoritative tool users teachers acting as mentors

initiate and lead students as novices into the use of technologies. This structured introduction
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into using tools is called scaffolding. Work should be structured around projects that demand

students engage in the solution of a particular community-based, school-based or regional

problem of significance and relevance to their worlds.

Freires work is premised on the assumption that the most authentic and powerful pedagogy is

one that focuses on the identification, analysis and resolution of immediate problems in

learners worlds. Hence, his approach is referred to as a problem-posing and problem solving

pedagogy. Freire argues that any pedagogy must be of demonstrable relevance to the

immediate worlds of the students and it must enable them to analyse, theorise and

intellectually engage with those worlds.

3. Characteristics of inquiry-learning

 Inquiry learning emphasizes constructivist ideas of learning. Knowledge is built in a step-

wise fashion. Learning proceeds best in group situations.

 The teacher does not communicate knowledge, but is rather there to help students to learn for

themselves.

 The topic, problem to be studied, and methods used to answer this problem are determined by

the student and not the teacher.

4. Effects of Inquiry Based Science

When students are doing inquiry based science, an observer will see that:

 Children View Themselves as Scientists in the Process of Learning.

o They look forward to doing science.

o 2. They demonstrate a desire to 1earn more.

o 3. They seek to collaborate and work cooperatively with their peers.

o 4. They are confident in doing science; they demonstrate a willingness to modify ideas, take

risks, and display healthy skepticism.

 Children Accept an "Invitation to Learn" and Readily Engage in The Exploration Process.
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o Children exhibit curiosity and ponder observations.

o They move around selecting and using the materials they need.

o They take the opportunity and the time to "try out" their own ideas.

 Children Plan and Carry Out Investigations.

o Children design a way to try out their ideas, not expecting to be told what to do.

o They plan ways to verify, extend or discard ideas.

o They carry out investigations by: handling materials, observing, measuring, and recording

data.

 Children Communicate Using a Variety of Methods.

o Children express ideas in a variety of ways: journals, reporting out, drawing,

graphing,charting, etc.

o They listen, speak and write about science with parents, teachers and peers.

o They use the language of the processes of sci-ence.

o They communicate their level of understand-ing of concepts that they have developed to date.

 Children Propose Explanations and Solutions and Build a Store of Concepts.

o Children offer explanations from a "store" of previous knowledge. (Alternative Frameworks,

Gut Dynamics).

o They use investigations to satisfy their own questions.

o They sort out information and decide what is important.

o They are willing to revise explanations as they gain new knowledge.

 Children Raise Questions

o Children ask questions (verbally or through actions).

o They use questions to lead them to investigations that generate further questions or ideas.

o Children value and enjoy asking questions as an important part of science.

 Children Use Observation.

o Children observe, as opposed to just looking.
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o They see details, they detect sequences and events; they notice change, similarities and

differences, etc.

o They make connections to previously held ideas.

 Children Critique Their Science Practices.

o They use indicators to assess their own work

o They report their strengths and weaknesses.

o They reflect with their peers.
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