Some Background for Teaching Science 

Lorraine Theroux, September 3, 2004

I’ve been asked about my recent statement about The Scientific Method, which went along the lines that “There is no place for it in elementary classrooms.” I’m hoping this short (OK, it’s probably longer than you were hoping for!) paper explains my statement and provides some background on what to do instead.( 

Inquiry has replaced The Scientific Method. The foundational documents for the central role of inquiry are the National Science Education Standards (1995), Benchmarks for Scientific Literacy (c. 1995), and the Massachusetts Science and Technology/Engineering Curriculum Frameworks (2001). After being asked about what replaces The Scientific Method, I realized that none of these documents actually seem to come out and say we should drop this mainstay of our own education. So, I guess its fate is subject to some interpretation. However, I challenge you to look for its presence in any of these documents; its absence resonates loudly for me. 

Oh, before moving on, I’d like to help out with the terms ‘technology’ and ‘engineering’. To many of us teachers, technology=computers. Yes, computers are technology. BUT, they are just one example. Technology, in general, is the product of engineering. Engineering is the practical application of science to solve problems. Engineering is the process of coming up with new products and then making them better. Paper is a kind of technology. Food preservation is another. Clothing, shelter, and cell phones are all products of technology. All the tools and chemicals the medical profession uses are products of technology(.  Notice how much of what you use each day isn’t a product of technology. Technology is a human thing – it can result in wonderful things or horrible things. Hmmm, what about tennis rackets? 

Now, let’s get back to understanding inquiry. In Massachusetts, we tend to focus on the content standards, because there are no longer any inquiry standards. However, inquiry remains important. Here’s one quote from the Frameworks(: 

“Scientific inquiry and experimentation should not be taught or tested as separate, stand-alone skills. Rather, opportunities for inquiry and experimentation should arise within a well-planned curriculum in the domains of science. They should be assessed through examples drawn from the life, physical, and earth and space science standards so that it is clear to students that in science, what is known does not stand separate from how it is known. “

And here are the Skills of Inquiry from the Frameworks.

Grades PreK-2
· Ask questions about objects, organisms, and events in the environment.

· Tell about why and what would happen if?

· Make predictions based on observed patterns.

· Name and use simple equipment and tools (e.g., rulers, meter sticks, thermometers, hand lenses, and balances) to gather data and extend the senses.

· Record observations and data with pictures, numbers, or written statements.

· Discuss observations with others.

Grades 3-5
· Ask questions and make predictions that can be tested.

· Select and use appropriate tools and technology (e.g., calculators, computers, balances, scales, meter sticks, graduated cylinders) in order to extend observations.

· Keep accurate records while conducting simple investigations or experiments.

· Conduct multiple trials to test a prediction. Compare the result of an investigation or experiment with the prediction.

· Recognize simple patterns in data and use data to create a reasonable explanation for the results of an investigation or experiment.

· Record data and communicate findings to others using graphs, charts, maps, models, and oral and written reports.

There’s a whole book about inquiry, including some vignettes to help understand what it can look like. Further, Some portions from Questions and Answers section of Inquiry and the National science Education Standards( are included in the next two pages. 

One more point I want to make is about the roles of hypotheses and predictions. These are still important, but no more important than other skills and not essential to good inquiry. Hypotheses are somewhat specific and easily misunderstood by young children. It can wait for middle school (I haven’t been teaching it, although one could make a case for introducing it in fifth grade). 

The issue with predictions is that they have been confused with guesses. Predictions should not be made before carrying out every investigation. You can make a valid prediction only when you have pretty good background with what you’re exploring. It makes absolutely no sense during initial learning. Some people love to make predictions, others hate it – this is an individual response and has nothing to do with good science. 

The next step could be to learn more about using about science notebooks as a motivational tool for students. (There’s an approach that is easy and powerful.) If you want more background on any of this, I have more. ( 

	Q
	Why did the Standards choose to leave out the science process skills such as observing, classifying, predicting, and hypothesizing? 

	A
	The "process skills" emphasized in earlier science education reforms may appear to be missing from the Standards, but they are not. Rather, they are integrated into the broader abilities of scientific inquiry. As the Standards point out, "The standards on inquiry highlight the abilities of inquiry and the development of an understanding about scientific inquiry. Students at all grade levels and in every domain of science should have the opportunity to use scientific inquiry and develop the ability to think and act in ways associated with inquiry, including asking questions, planning and conducting investigations, using appropriate tools and techniques to gather data, thinking critically and logically about relationships between evidence and explanations, constructing and analyzing alternative explanations, and communicating scientific arguments" (National Research Council, 1996, p. 105). The Standards thus include the "processes of science" and require that students combine those processes and scientific knowledge to develop their understanding of science.


	Q
	What barriers are encountered when implementing inquiry-oriented approaches? 

	A
	In addition to the external barriers teachers face, their beliefs and values about students, teaching, and the purposes of education can impose obstacles to inquiry-oriented approaches. Research demonstrates many of the predicaments that teachers face when considering new approaches. In a cross-site analysis of schools that had successfully initiated new approaches to science and mathematics instruction, three kinds of problems were noted: technical, political, and cultural (Anderson, 1996). Technical problems included limited teaching abilities, prior commitments (for example, to a textbook), the challenges of assessment, difficulties of group work, the challenges of new teacher roles, the challenges of new student roles, and inadequate in-service education. Political problems included limited in-service education (i.e., not sustained for a sufficient number of years), parental resistance, resistance from principals and superintendents, unresolved conflicts among teachers, lack of resources, and differing judgments about justice and fairness. Cultural problems -- possibly the most important because beliefs and values are central to them -- included the textbook issue, views of assessment, and the "preparation ethic" (i.e., an overriding commitment to "coverage" because of a perceived need to prepare students for the next level of schooling). In addition to this study's findings, barriers experienced currently include the widespread attitude that science is not a "basic" and the lack of appropriate instructional materials, both print and hands-on.


	Q
	How much structure and how much freedom should teachers provide in inquiry-oriented science lessons? 

	A
	The type and amount of structure can vary depending on what is needed to keep students productively engaged in pursuit of a learning outcome. Students with little experience in conducting scientific inquiries will probably require more structure. For example, a teacher might want to select the question driving an investigation. She or he also might decide to provide a series of steps and procedures for the students guided by specific questions and group discussion. The instructional materials themselves often provide questions, suggestions, procedures, and data tables to guide student inquiry. 

As students mature and gain experience with inquiry, they will become adept at clarifying good questions, designing investigations to test ideas, interpreting data, and forming explanations based on data. With such students, the teacher still should monitor by observation, ask questions for clarification, and make suggestions when needed. Often, teachers begin the school year providing considerable structure and then gradually provide more opportunities for student-centered investigations. 

Many teachers in the primary grades have considerable success with whole class projects. An example is a class experiment to answer the question: "What is the 'black stuff' on the bottom of the aquarium?" Guided by the teacher, the students can focus and clarify the question. They can ponder where the "black stuff" came from based on their prior knowledge of goldfish, snails, and plants. Using their prior knowledge, the students then can propose explanations and decide what they need to set up a fair test. How many aquariums will they need? What will be in each aquarium? What are they looking for? How will they know when they have answered the question? After a number of well-structured whole-class inquiries with ample time to discuss procedures and process as well as conclusions and explanations, students are more prepared to design and conduct their own inquires such as the "tree problem" conducted by Mrs. Graham's fifth-grade class described in Chapter 1. 



	Q
	
In inquiry-based teaching, is it ever okay to tell students the answers to their questions? 

	A
	Yes. Understanding requires knowledge, and not all the knowledge that is needed can be acquired by inquiry. Decisions about how to respond to students' questions depend on the teacher's goals and the context of the discussion. For example, a student may pose the question "What is the boiling point of water at sea level?" One way to respond to that question would be to set up a simple investigation to find out. The investigation could set the stage for more complex inquiries. If learning to use reference material is important, a teacher might have the student look up the information. Or, if there is a higher priority for how the student spends his or her time, the teacher could simply provide the answer. 

The important point is that investigations lead to deeper understanding and greater transfer of knowledge. Decisions about responding to students' questions should reflect that fact. 



( It is ultimately for you to decide what is important and applicable to your teaching. This is why I’ve included references to some foundational documents. IF you’re not convinced that this approach is better for our students, or about why should we care, there is more that I can give you, but a quick response is to just think about how much of your life is affected by outcomes from science and technology. AND about how great things are when it all works and how horrible it all is when they don’t. You can try to remove yourself from the influence of modern science and technology. I believe it is easier and more pragmatic to instead understand the science and technology and therefore become better at identifying bad solutions before you make any commitments. Sure hope I haven’t lost you! Really!


( When a surgeon learns to use a new endoscopic device, a key part of the training comes from an engineer. 


( http://www.doe.mass.edu/frameworks/scitech/2001/  


( Can be read online at http://www.nap.edu/catalog/9596.html 





