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>>>9-12 COURSES
	Component 1: Processes of Science 

When students apply the processes of science, they pose questions and investigate phenomena using the language, methods, and instruments of science. Common science process themes include: observing, questioning, collecting data, analyzing, explaining, and communicating. The process of science follows no single predictable pathway but incorporates imagination, inventiveness, experimentation, logic, and evidence to support results. Once a question is posed, the search for answers follows a purposeful sequence of experimentation, data collection, analysis, and evaluation of conclusions that may lead to new questions.

Technology provides tools and techniques that enhance students' skills in measuring, calculating, recording, analyzing, modeling, and communicating. Active exploration provides students with opportunities: to use materials in new and concrete situations; to analyze results for greater understanding; to synthesize new ideas with what was previously known; and to evaluate how this new knowledge will be of practical value in their lives. Students may work in teams and share findings with others, but each individual is expected to contribute.

Processes of Science Goal: To enable students to apply the processes of science by posing questions and investigating phenomena through the language, methods, and instruments of science.

Theme: 1.1 Observing - Senses are used to develop an awareness of events or objects and their properties.

Theme: 1.2 Questioning - Development of an inquisitive mind and the effective use of questioning techniques furthers the acquisition of information. 

Theme: 1.3 Collecting Data - Acquiring, recording, arranging and storing of information must be performed in a complete, accurate, concise, and user-friendly manner.

Theme: 1.4 Analyzing - Data should be examined to find patterns that may suggest cause and effect relationships or support inferences and hypotheses.

Theme: 1.5 Explaining - Phenomena and related information are made understandable through discussion that culminates in a higher level of learning.

Theme: 1.6 Communicating - Essential to science is the act of accurately and effectively conveying oral, written, graphic, or electronic information.
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	BENCHMARKS FOR SCIENCE LITERACY
	1B: Scientific Inquiry

· Investigations are conducted for different reasons, including to explore new phenomena, to check on previous results, to test how well a theory predicts, and to compare different theories. 

· 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 the data (both new and previously available).
3B: Nature of Technology 3B: 9-12b

The value of any given technology may be different at different points in time.
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	NATIONAL SCIENCE EDUCATION STANDARDS
	Science and Technology - Abilities of Technological Design

·  Choose suitable tools and work with appropriate measurement methods to assure adequate accuracy: 6-

8, 3

Science as Inquiry - Understandings about Scientific Inquiry

·  Accuracy and precision of the data and therefore the quality of the investigation depends on the

technology used: 9-12, 3

Science as Inquiry - Abilities to Do Scientific Inquiry

·  Think critically and logically to make the relationship between evidence and explanations: 6-8, 5



	Go to NSES…
	


	CONTENT CLARIFICATION 
Associated K-12 Science  Standards and Benchmarks

	Go to Science Netlinks…
	BENCHMARKS FOR SCIENCE LITERACY

	K-2  BENCHMARKS
	1. People can often learn about things around them by just observing those things carefully, but sometimes they can learn more by   

    doing something to the things and noting what happens.

2. Tools such as thermometers, magnifiers, rulers, or balances often give more information about things than can be obtained by just

     observing things without their help.

3. Describing things as accurately as possible is important in science because it enables people to compare their observations with 

     those of others.

4. When people give different descriptions of the same thing, it is usually a good idea to make some fresh observations instead of just 

     arguing about who is right.


	3-5  BENCHMARKS
	1. Scientific investigations may take many different forms, including observing what things are like or what is happening somewhere,

    collecting specimens for analysis, and doing experiments. Investigations can focus on physical, biological, and social questions.

2. Results of scientific investigations are seldom exactly the same, but if the differences are large, it is important to try to figure out   

     why. One reason for following directions carefully and for keeping records of one's work is to provide information on what might  

     have caused the differences.

3. Scientists' explanations about what happens in the world come partly from what they observe, partly from what they think.  

     Sometimes scientists have different explanations for the same set of observations. That usually leads to their making more  

     observations to resolve the differences.

4. Scientists do not pay much attention to claims about how something they know about works unless the claims are backed up with

     evidence that can be confirmed and with a logical argument.


	6-8  BENCHMARKS
	1. Scientists differ greatly in what phenomena they study and how they go about their work. Although there is no fixed set of steps that  

    all scientists follow, scientific investigations usually involve the collection of relevant evidence, the use of logical reasoning, and the

    application of imagination in devising hypotheses and explanations to make sense of the collected evidence.

2. If more than one variable changes at the same time in an experiment, the outcome of the experiment may not be clearly   

     attributable to any one of the variables. It may not always be possible to prevent outside variables from influencing the outcome of   

     an investigation (or even to identify all of the variables), but collaboration among investigators can often lead to research designs   

     that are able to deal with such situations.
3. What people expect to observe often affects what they actually do observe. Strong beliefs about what should happen in particular

    circumstances can prevent them from detecting other results. Scientists know about this danger to objectivity and take steps to try   

     and avoid it when designing investigations and examining data. One safeguard is to have different investigators conduct   

     independent studies of the same questions.

4. New ideas in science sometimes spring from unexpected findings, and they usually lead to new investigations.


	9-12  BENCHMARKS
	1. Investigations are conducted for different reasons, including to explore new phenomena, to check on previous results, to test how   

    well a theory predicts, and to compare different theories.

2. 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 the data (both new and previously available).

3. Sometimes, scientists can control conditions in order to obtain evidence. When that is not possible for practical or ethical reasons,  

     they try to observe as wide a range of natural occurrences as possible to be able to discern patterns.

4. There are different traditions in science about what is investigated and how, but they all have in common certain basic beliefs about 

     the value of evidence, logic, and good arguments. And there is agreement that progress in all fields of science depends on  

     intelligence, hard work, imagination, and even chance.

5. Scientists in any one research group tend to see things alike, so even groups of scientists may have trouble being entirely objective 

     about their methods and findings. For that reason, scientific teams are expected to seek out the possible sources of bias in the 
     design of their investigations and in their data analysis. Checking each other's results and explanations helps, but that is no 
     guarantee against bias.

6. In the short run, new ideas that do not mesh well with mainstream ideas in science often encounter vigorous criticism. In the long 

     run, theories are judged by how they fit with other theories, the range of observations they explain, how well they explain   

     observations and how effective they are in predicting new findings.
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	NATIONAL SCIENCE EDUCATION STANDARDS

	K-4  STANDARDS
	1. Science and technology have been practiced by people for a long time.

2. Men and women have made a variety of contributions throughout the history of science and technology.

3. Although men and women using scientific inquiry have learned much about the objects, events, and phenomena in nature, much  

     more remains to be understood. Science will never be finished.

4. Many people choose science as a career and devote their entire lives to studying it. Many people derive great pleasure from doing

     science.

	5-8  STANDARDS
	1. Scientists formulate and test their explanations of nature using observation, experiments, and theoretical and mathematical 
    models. Although all scientific ideas are tentative and subject to change and improvement in principle, for most major ideas in  

    science, there is much experimental and observational confirmation. Those ideas are not likely to change greatly in the future.  

    Scientists do and have changed their ideas about nature when they encounter new experimental evidence that does not match their 
    existing explanations.

2. In areas where active research is being pursued and in which there is not a great deal of experimental or observational evidence and

     understanding, it is normal for scientists to differ with one another about the interpretation of the evidence or theory being 

     considered. Different scientists might publish conflicting experimental results or might draw different conclusions from the same 
     data. Ideally, scientists acknowledge such conflict and work towards finding evidence that will resolve their disagreement.

3. It is part of scientific inquiry to evaluate the results of scientific investigations, experiments, observations, theoretical models, and 

     the explanations proposed by other scientists. Evaluation includes reviewing the experimental procedures, examining the evidence,

     identifying faulty reasoning, pointing out statements that go beyond the evidence, and suggesting alternative explanations for the   

     same observations. Although scientists may disagree about explanations of phenomena, about interpretations of data, or about the    

     value of rival theories, they do agree that questioning, response to criticism, and open communication are integral to the process of  

     science. As scientific knowledge evolves, major disagreements are eventually resolved through such interactions between scientists.


	9-12  STANDARDS
	1. Science distinguishes itself from other ways of knowing and from other bodies of knowledge through the use of empirical standards,

     logical arguments, and skepticism, as scientists strive for the best possible explanations about the natural world.

2. Scientific explanations must meet certain criteria. First and foremost, they must be consistent with experimental and observational

     evidence about nature, and must make accurate predictions, when appropriate, about systems being studied. They should also be    

     logical, respect the rules of evidence, be open to criticism, report methods and procedures, and make knowledge public.  

     Explanations on how the natural world changes based on myths, personal beliefs, religious values, mystical inspiration,  

      superstition, or authority may be personally useful and socially relevant, but they are not scientific.

3. Because all scientific ideas depend on experimental and observational confirmation, all scientific knowledge is, in principle, subject 

     to change as new evidence becomes available. The core ideas of science such as the conservation of energy or the laws of motion  

     have been subjected to a wide variety of confirmations and are therefore unlikely to change in the areas in which they have been 
     tested. In areas where data or understanding are incomplete, such as the details of human evolution or questions surrounding 
     global warming, new data may well lead to changes in current ideas or resolve current conflicts. In situations where information is 
     still fragmentary, it is normal for scientific ideas to be incomplete, but this is also where the opportunity for making advances may 
     be greatest.
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	SCIENCE FOR ALL AMERICANS
	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 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.

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 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.

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 reasoning—that 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 made—and 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.

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 explanations—theories—may 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.

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 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 primates—by male scientists—focused 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.

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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	BENCHMARKS FOR SCIENCE LITERACY 

(ESSAY)
	Scientific inquiry is more complex than popular conceptions would have it. It is, for instance, a more subtle and demanding process than the naive idea of "making a great many careful observations and then organizing them." It is far more flexible than the rigid sequence of steps commonly depicted in textbooks as "the scientific method." It is much more than just "doing experiments," and it is not confined to laboratories. More imagination and inventiveness are involved in scientific inquiry than many people realize, yet sooner or later strict logic and empirical evidence must have their day. Individual investigators working alone sometimes make great discoveries, but the steady advancement of science depends on the enterprise as a whole. And so on.

If students themselves participate in scientific investigations that progressively approximate good science, then the picture they come away with will likely be reasonably accurate. But that will require recasting typical school laboratory work. The usual high-school science "experiment" is unlike the real thing: The question to be investigated is decided by the teacher, not the investigators; what apparatus to use, what data to collect, and how to organize the data are also decided by the teacher (or the lab manual); time is not made available for repetitions or, when things are not working out, for revising the experiment; the results are not presented to other investigators for criticism; and, to top it off, the correct answer is known ahead of time.

Of course, the student laboratory can be designed to help students learn about the nature of scientific inquiry. As a first step, it would help simply to reduce the number of experiments undertaken (making time available to probe questions more deeply) and eliminate many of their mechanical, recipe-following aspects. In making this change, however, it should be kept in mind that well-conceived school laboratory experiences serve other important purposes as well. For example, they provide opportunities for students to become familiar with the phenomena that the science concepts being studied try to account for.

Another, more ambitious step is to introduce some student investigations that more closely approximate sound science. Such investigations should become more ambitious and more sophisticated. Before graduating from high school, students working individually or in teams should design and carry out at least one major investigation. They should frame the question, design the approach, estimate the time and costs involved, calibrate the instruments, conduct trial runs, write a report, and finally, respond to criticism.

Such investigations, whether individual or group, might take weeks or months to conduct. They might happen in and out of school time and be broken up by periods when, for technical reasons, work cannot go forward. But the total time invested will probably be no more than the sum of all those weekly one-period labs that contribute little to student understanding of scientific inquiry.
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	Kindergarten through Grade 2
Students should be actively involved in exploring phenomena that interest them both in and out of class. These investigations should be fun and exciting, opening the door to even more things to explore. An important part of students' exploration is telling others what they see, what they think, and what it makes them wonder about. Children should have lots of time to talk about what they observe and to compare their observations with those of others. A premium should be placed on careful expression, a necessity in science, but students at this level should not be expected to come up with scientifically accurate explanations for their observations. Theory can wait.

Grades 3 through 5 

Children's strategies for finding out more and more about their surroundings improve as they gain experience in conducting simple investigations of their own and working in small groups. They should be encouraged to observe more and more carefully, measure things with increasing accuracy (where the nature of the investigations involves measurement), record data clearly in logs and journals, and communicate their results in charts and simple graphs as well as in prose. Time should be provided to let students run enough trials to be confident of their results. Investigations should often be followed up with presentations to the entire class to emphasize the importance of clear communication in science. Class discussions of the procedures and findings can provide the beginnings of scientific argument and debate.

Students' investigations at this level can be expected to bear on detecting the similarities and differences among the things they collect and examine. They should come to see that in trying to identify and explain likenesses and differences, they are doing what goes on in science all the time. What students may find most puzzling is when there are differences in the results they obtain in repeated investigations at different times or in different places, or when different groups of students get different results doing supposedly the same experiment. That, too, happens to scientists, sometimes because of the methods or materials used, but sometimes because the thing being studied actually varies.

Research studies suggest that there are some limits on what to expect at this level of student intellectual development. One limit is that the design of carefully controlled experiments is still beyond most students in the middle grades. Others are that such students confuse theory (explanation) with evidence for it and that they have difficulty making logical inferences. However, the studies say more about what students at this level do not learn in today's schools than about what they might possibly learn if instruction were more effective.

In any case, some children will be ready to offer explanations for why things happen the way they do. They should be encouraged to "check what you think against what you see." As explanations take on more and more importance, teachers must insist that students pay attention to the explanations of others and remain open to new ideas. This is an appropriate time to introduce the notion that in science it is legitimate to offer different explanations for the same set of observations, although this notion is apparently difficult for many youngsters to comprehend.

Grades 6 through 8 

At this level, students need to become more systematic and sophisticated in conducting their investigations, some of which may last for weeks or more. That means closing in on an understanding of what constitutes a good experiment. The concept of controlling variables is straightforward but achieving it in practice is difficult. Students can make some headway, however, by participating in enough experimental investigations (not to the exclusion, of course, of other kinds of investigations) and explicitly discussing how explanation relates to experimental design.

Student investigations ought to constitute a significant part-but only a part-of the total science experience. Systematic learning of science concepts must also have a place in the curriculum, for it is not possible for students to discover all the concepts they need to 
learn, or to observe all of the phenomena they need to encounter, solely through their own laboratory investigations. And even though the main purpose of student investigations is to help students learn how science works, it is important to back up such experience with selected readings. This level is a good time to introduce stories (true and fictional) of scientists making discoveries-not just world-famous scientists, but scientists of very different backgrounds, ages, cultures, places, and times.

Grades 9 through 12 

Students' ability to deal with abstractions and hypothetical cases improves in high school. Now the unfinished and tentative nature of science may make some sense to them. Students should not be allowed to conclude, however, that the mutability of science permits any belief about the world to be considered as good as any other belief. Theories compete for acceptance, but the only serious competitors are those theories that are backed by valid evidence and logical arguments.

The nature and importance of prediction in science can also be taken up at this level. Coverage of this topic should emphasize the use of statistics, probability, and modeling in making scientific predictions about complex phenomena often found in biological, meteorological, and social systems. Care also should be taken to dissociate the study of scientific prediction from the general public's notions about astrology and guessing the outcomes of sports events.

1b Scientific Inquiry 

Experimentation 
Upper elementary- and middle-school students may not understand experimentation as a method of testing ideas, but rather as a method of trying things out or producing a desired outcome. With adequate instruction, it is possible to have middle-school students understand that experimentation is guided by particular ideas and questions and that experiments are tests of ideas. Whether it is possible for younger students to achieve this understanding needs further investigation. 

Students of all ages may overlook the need to hold all but one variable constant, although elementary students already understand the notion of fair comparisons, a precursor to the idea of "controlled experiments". Another example of defects in students' skills comes with the interpretation of experimental data. When engaged in experimentation, students have difficulty interpreting covariation and noncovariation evidence. For example, students tend to make a causal inference based on a single concurrence of antecedent and outcome or have difficulty understanding the distinction between a variable having no effect and a variable having an opposite effect. Furthermore, students tend to look for or accept evidence that is consistent with their prior beliefs and either distort or fail to generate evidence that is inconsistent with these beliefs. These deficiencies tend to mitigate over time and with experience. 

Theory (explanation) and evidence 
Students of all ages find it difficult to distinguish between a theory and the evidence for it, or between description of evidence and interpretation of evidence. Some research suggests students can start understanding the distinction between theory and evidence after adequate instruction, as early as middle school. 

Nature of knowledge 
Students' ideas about the nature of knowledge and how knowledge is justified develop through stages in which knowledge is initially perceived in terms of "right/wrong," then as a matter of "mere opinion," and finally as "informed" and supported with reasons. This research provides some guidance for sequencing the benchmarks about the nature of scientific knowledge. For example, it suggests that students may not understand before they abandon their beliefs about knowledge being either "right" or "wrong" that scientists can legitimately hold different explanations for the same set of observations. However, this research does not say when, how quickly, and with what experiences students can move through these stages given adequate instruction. Several studies show that a large proportion of today's high-school students are still at the first stage of this development. Further research is needed to specify what school graduates could understand, if from a young age they were taught that different people will describe or explain events differently and that opinions must have reasons and can be challenged on rational grounds. 
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	For students to develop the abilities that characterize science as inquiry, they must actively participate in scientific investigations, and they must actually use the cognitive and manipulative skills associated with the formulation of scientific explanations. This standard describes the fundamental abilities and understandings of inquiry, as well as a larger framework for conducting scientific investigations of natural phenomena.

In grades 9-12, students should develop sophistication in their abilities and understanding of scientific inquiry. Students can understand that experiments are guided by concepts and are performed to test ideas. Some students still have trouble with variables and controlled experiments. Further, students often have trouble dealing with data that seem anomalous and in proposing explanations based on evidence and logic rather than on their prior beliefs about the natural world.

One challenge to teachers of science and to curriculum developers is making science investigations meaningful. Investigations should derive from questions and issues that have meaning for students. Scientific topics that have been highlighted by current events provide one source, whereas actual science- and technology-related problems provide another source of meaningful investigations. Finally, teachers of science should remember that some experiences begin with little meaning for students but develop meaning through active involvement, continued exposure, and growing skill and understanding.

A critical component of successful scientific inquiry in grades 9-12 includes having students reflect on the concepts that guide the inquiry. Also important is the prior establishment of an adequate knowledge base to support the investigation and help develop scientific explanations. The concepts of the world that students bring to school will shape the way they engage in science investigations, and serve as filters for their explanations of scientific phenomena. Left unexamined, the limited nature of students' beliefs will interfere with their ability to develop a deep understanding of science. Thus, in a full inquiry, instructional strategies such as small-group discussions, labeled drawings, writings, and concept mapping should be used by the teacher of science to gain information about students' current explanations. Those student explanations then become a baseline for instruction as teachers help students construct explanations aligned with scientific knowledge; teachers also help students evaluate their own explanations and those made by scientists.

Students also need to learn how to analyze evidence and data. The evidence they analyze may be from their investigations, other students' investigations, or databases. Data manipulation and analysis strategies need to be modeled by teachers of science and practiced by students. Determining the range of the data, the mean and mode values of the data, plotting the data, developing mathematical functions from the data, and looking for anomalous data are all examples of analyses students can perform. Teachers of science can ask questions, such as "What explanation did you expect to develop from the data?" "Were there any surprises in the data?" "How confident do you feel about the accuracy of the data?" Students should answer questions such as these during full and partial inquiries.

Public discussions of the explanations proposed by students is a form of peer review of investigations, and peer review is an important aspect of science. Talking with peers about science experiences helps students develop meaning and understanding. Their conversations clarify the concepts and processes of science, helping students make sense of the content of science. Teachers of science should engage students in conversations that focus on questions, such as "How do we know?" "How certain are you of those results?" "Is there a better way to do the investigation?" "If you had to explain this to someone who knew nothing about the project, how would you do it?" "Is there an alternative scientific explanation for the one we proposed?" "Should we do the investigation over?" "Do we need more evidence?" "What are our sources of experimental error?" "How do you account for an explanation that is different from ours?"

Questions like these make it possible for students to analyze data, develop a richer knowledge base, reason using science concepts, make connections between evidence and explanations, and recognize alternative explanations. Ideas should be examined and discussed in class so that other students can benefit from the feedback. Teachers of science can use the ideas of students in their class, ideas from other classes, and ideas from texts, databases, or other sources--but scientific ideas and methods should be discussed in the fashion just described.
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