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Imagine a classroom where…

· A first grader asks, “I think so too. The boy thought it was a good idea to steal the dog. I would be sad if my dog was stolen. I bet the owner is sad too but we don’t know because it doesn’t say in the book.”
· A sixth grader argues, “I used to agree with you that people shouldn’t be allowed to come and live in this country illegally, but I was reading an article in the paper today, and now I’m not so sure.”

· A tenth grader wonders, “I don’t think this Web site is very credible. I couldn’t find anything out about the school where the author supposedly got his medical degree.”

Students in classrooms that emphasize thinking, seek the truth and have the skills they need to find it. The teachers in those classrooms are knowledgeable about the information and processes that help students grow into good thinkers.

Thinking Frameworks > 
Educators such as Howard Gardner, Benjamin Bloom, and Robert Marzano have proposed various ways to describe the components of thinking. Read more about how these frameworks describe thinking in different ways for different purposes.

Higher-Order Thinking Skills > 

To develop a deeper understanding of content and to thrive in life, students need to be proficient at higher levels of thinking such as analysis, using knowledge, and metacognition. Learn more about these complex kinds of thinking and what they look like in elementary and secondary classrooms.

Beliefs and Attitudes > 

You can lead students to thinking skills, but you can’t make them think. The psychologists Arthur Costa, Bena Kallick, Shari Tishman, and Ellen Langer have studied how people’s emotions influence their thinking. Read about the ways they describe the relationships between attitudes and thinking.

Teaching Thinking > 

To develop the skills and strategies necessary for deep and careful thinking, students must be engaged in projects that require critical thinking and problem solving. Learn what kinds of classroom environments and what instructional practices work best to help students develop good thinking habits.
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Thinking Models

Learn about different frameworks for teaching thinking skills.
Bloom’s Taxonomy

Marzano’s Taxonomy
Learning Styles
Looking at Thinking

Educators have been working for years on the development of a simple, practical framework to help teachers be more effective and systematic in teaching their students how to think.  The result has been a confusing array of terms which often overlap and are defined differently by different authors. This section aims to clarify the research on thinking skills.

Bloom's Taxonomy >
By far, the most common model for describing thinking is Bloom’s Taxonomy, a list of six thinking skills arranged from the most basic to the most advanced level. These descriptions are used to help teachers and students focus on higher-order thinking. Bloom lists a hierarchy of skills: knowledge, comprehension, application, analysis, synthesis and evaluation. 

Marzano's Taxonomy >
Robert Marzano, in response to problems he sees with Bloom’s Taxonomy, has developed what he calls a New Taxonomy of Educational Objectives. His four systems: self, metacognitive, cognitive, and knowledge domain work together to produce learning. Generally, the information in Thinking Skills is organized around his work.

Learning Styles >
Research suggests that when students are introduced to a new concept through their learning styles, they are then able to adjust to different ways of learning. The consideration of learning styles also results in improved motivation and learning. Several frameworks have been suggested to describe the different ways in which students learn.  The most commonly used framework identifies learners as visual, auditory, or kinesthetic learners. Howard Gardner’s (1993) work on multiple intelligences has struck a chord with many educators as he identifies eight different ways in which students can be “intelligent”: linguistic, logical-mathematical, spatial, bodily-kinesthetic, musical, interpersonal, intrapersonal, and naturalist. 
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Bloom, B.S., (Ed.) (1956). Taxonomy of educational objectives: The classification of educational goals: Handbook I, cognitive domain. New York: Longmans. 

Gardner, H. (1993). Multiple intelligences: The theory in practice. New York: Harper Collins. 

Marzano, R. J. (2000). Designing a new taxonomy of educational objectives. Thousand Oaks, CA: Corwin Press.
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Traditional Hierarchy of Thinking Processes
In 1956, Benjamin Bloom wrote Taxonomy of Educational Objectives: Cognitive Domain, and his six-level description of thinking has been widely adapted and used in countless contexts ever since. His list of cognitive processes is organized from the most simple, the recall of knowledge, to the most complex, making judgments about the value and worth of an idea.

Bloom’s Taxonomy of Educational Objectives (Traditional)

	Skill
	Definition
	Key Words

	Knowledge
	Recall information
	identify, describe, name, label, recognize, reproduce, follow

	Comprehension
	Understand the meaning, paraphrase a concept
	summarize, convert, defend, paraphrase, interpret, give examples

	Application
	Use the information or concept in a new situation
	build, make, construct, model, predict, prepare

	Analysis
	Break information or concepts into parts to understand it more fully
	compare/contrast, break down, distinguish, select, separate

	Synthesis
	Put ideas together to form something new
	categorize, generalize, reconstruct, 

	Evaluation
	Make judgments about value
	appraise, critique, judge, justify, argue, support


Today’s world is a different place, however, than the one Bloom’s Taxonomy reflected in 1956. Educators have learned a great deal more about how students learn and teachers teach and now recognize that teaching and learning encompasses more than just thinking. It also involves the feelings and beliefs of students and teachers as well as the social and cultural environment of the classroom. 

Several cognitive psychologists have worked to make the basic concept of a taxonomy of thinking skills more relevant and accurate. In developing his own taxonomy of educational objectives, Marzano (2000) points out one criticism of Bloom’s Taxonomy. The very structure of the Taxonomy, moving from the simplest level of knowledge to the most difficult level of evaluation, is not supported by research. A hierarchical taxonomy implies that each higher skill is composed of the skills beneath it; comprehension requires knowledge; application requires comprehension and knowledge, and so on. This, according to Marzano, is simply not true of the cognitive processes in Bloom’s Taxonomy. 

The originators of the original six thinking processes assumed that complex projects could be labeled as requiring one of the processes more than the others. A task was primarily an “analysis” or an “evaluation” task. This has been proven not to be true which may account for the difficulty that educators have classifying challenging learning activities using the Taxonomy. Anderson (2000) argues that nearly all complex learning activities require the use of several different cognitive skills. 

Like any theoretical model, Bloom’s Taxonomy has its strengths and weaknesses. Its greatest strength is that it has taken the very important topic of thinking and placed a structure around it that is usable by practitioners. Those teachers who keep a list of question prompts relating to the various levels of Bloom’s Taxonomy undoubtedly do a better job of encouraging higher-order thinking in their students than those who have no such tool. On the other hand, as anyone who has worked with a group of educators to classify a group of questions and learning activities according to the Taxonomy can attest, there is little consensus about what seemingly self-evident terms like “analysis,” or “evaluation” mean. In addition, so many worthwhile activities, such as authentic problems and projects, cannot be mapped to the Taxonomy, and trying to do that would diminish their potential as learning opportunities. 
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Revised Bloom’s Taxonomy

In 1999 Lorin Anderson and his colleagues published an updated version of Bloom’s Taxonomy that takes into account a broader range of factors that have an impact on teaching and learning. This revised taxonomy attempts to correct some of the errors in the original taxonomy. Unlike the 1956 version, the new Taxonomy differentiates between “knowing what,” the content of thinking, and “knowing how,” the procedures used in solving problems.

The Knowledge Dimension is the “knowing what.” It has four categories: factual, conceptual, procedural, and metacognitive. Factual knowledge includes isolated bits of information, such as vocabulary definitions and knowledge about specific details. Conceptual knowledge consists of systems of information, such as classifications and categories.

Procedural knowledge includes algorithms, heuristics or rules of thumb, techniques, and methods as well as knowledge about when to use these procedures. Metacognitive knowledge refers to knowledge of thinking processes and information about how to manipulate these processes effectively.
The Cognitive Process Dimension of the revised Bloom’s Taxonomy like the original version has six skills. They are, from simplest to most complex:  (a) remember, (b) understand, (c) apply, (d) analyze, (e) evaluate, and (f) create. 

Remembering consists of recognizing and recalling relevant information from long-term memory. Understanding is the ability to make your own meaning from educational material such as reading and teacher explanations. The subskills for this process include interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining. 

The third process, applying, refers to using a learned procedure either in a familiar or new situation. The next process is analysis, which consists of breaking knowledge down into its parts and thinking about how the parts relate to its overall structure. Students analyze by differentiating, organizing, and attributing. Evaluation, which is at the top of the original taxonomy, is the fifth of the six processes in the revised version. It includes checking and critiquing. 

Creating, a process not included in the earlier taxonomy, is the highest component of the new version. This skill involves putting things together to make something new. To accomplish creating tasks, learners generate, plan, and produce.

According to this taxonomy, each level of knowledge can correspond to each level of cognitive process, so a student can remember factual or procedural knowledge, understand conceptual or metacognitive knowledge, or analyze metacognitive or factual knowledge. According to Anderson and his colleagues, “Meaningful learning provides students with the knowledge and cognitive processes they need for successful problem solving” (p. 65).

 <Back l Page 2 of 4 l Next >
< Return to Thinking Skills Frameworks 
[PRORAMMING INSTRUCTIONS]
	Text link
	Link to Page

	Next
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/ThinkingFrameworks/Bloom_Taxonomy3.htm

	Back
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/ThinkingFrameworks/Bloom_Taxonomy.htm

	Return to Thinking Frameworks
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/ThinkingFrameworks/


	Type of Page 
	CT2.1.L1c Leaf page (3 of 4 pages)

	Headline Title
	Bloom’s Taxonomy: A New Look at an Old Standby 

	URL
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/ThinkingFrameworks/Bloom_Taxonomy3.htm


< Back l Page 3 of 4 l Next > 

Cognitive Processes Dimension

	Cognitive Processes
	Examples

	Remember—Produce the right information from memory

	Recognizing
	· Identify frogs in a diagram of different kinds of amphibians.

· Find an isosceles triangle in your neighborhood.

· Answer any true-false or multiple-choice questions.

	Recalling
	· Name three 19th century women English authors.

· Write the multiplication facts.

· Reproduce the chemical formula for carbon tetrachloride.

	Understand—Make meaning from educational materials or experiences

	Interpreting
	· Translate a story problem into an algebraic equation.

· Draw a diagram of the digestive system.

· Paraphrase Lincoln’s Second Inaugural Address.

	Exemplifying
	· Draw a parallelogram. 

· Find an example of stream-of-consciousness style of writing.

· Name a mammal that lives in our area.

	Classifying
	· Label numbers odd or even.

· List the kinds of governments found in modern African nations.

· Group native animals into their proper species.

	Summarizing
	· Make up a title for a short passage.

· List the key points related to capital punishment that the Web site promotes.

	Inferring
	· Read a passage of dialogue between two characters and make conclusions about their past relationship.

· Figure out the meaning of an unfamiliar term from the context.

· Look at a series of numbers and predict what the next number will be.

	Comparing
	· Explain how the heart is like a pump.

· Write about an experience you have had that was like the pioneers moving west.

· Use a Venn diagram to demonstrate how two books by Charles Dickens are similar and different.

	Explaining
	· Draw a diagram explaining how air pressure affects the weather.

· Provide details that justify why the French Revolution happened when and how it did.

· Describe how interest rates affect the economy.

	Apply—Use a procedure

	Executing
	· Add a column of two-digit numbers.

· Orally read a passage in a foreign language.

· Shoot a free throw.

	Implementing
	· Design an experiment to see how plants grow in different kinds of soil.

· Proofread a piece of writing.

· Create a budget.

	Analyze—Break a concept down into its parts and describe how the parts relate to the whole

	Differentiating
	· List the important information in a mathematical word problem and cross out the unimportant information.

· Draw a diagram showing the major and minor characters in a novel. 

	Organizing
	· Place the books in the classroom library into categories.

· Make a chart of often-used figurative devices and explain their effect.

· Make a diagram showing the ways plants and animals in your neighborhood interact with each other.

	Attributing
	· Read letters to the editor to determine the authors’ points of view about a local issue.

· Determine a character’s motivation in a novel or short story.

· Look at brochures of political candidates and hypothesize about their perspectives on issues.

	Evaluate—Make judgments  based on criteria and standards

	Checking
	· Participate in a writing group, giving peers feedback on organization and logic of arguments.

· Listen to a political speech and make a list of any contradictions within the speech.

· Review a project plan to see if all the necessary steps are included.

	Critiquing
	· After co-developing a rubric for the evaluation of a project, judge how well a project meets the criteria.

· Choose the best method for solving a complex mathematical problem.

· Judge the validity of arguments for and against astrology.

	Create—Put pieces together to form something new or recognize components of a new structure.

	Generating
	· Given a list of criteria, list some options for improving race relations in the school.

· Generate several scientific hypotheses to explain why plants need sunshine.

· Propose a set of alternatives for reducing dependence on fossil fuels that address both economic and environmental concerns.

· Come up with alternative hypotheses based on criteria.

	Planning
	· Make a storyboard for a multimedia presentation on insects.

· Outline a research paper on Mark Twain’s views on religion.

· Design a scientific study to test the effect of different kinds of music on hens’ egg production.

	Producing
	· Write a journal from the point of view of a confederate or union soldier.

· Build a habitat for local water fowl.

· Put on a play based on a chapter from a novel you’re reading.
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Figure 2

The Knowledge Dimension
	Factual Knowledge—Basic information

	Knowledge of terminology
	Vocabulary terms, mathematical symbols, musical notation, alphabet

	Knowledge of specific details and elements
	Components of the Food Pyramid, names of congressional representatives, major battles of WWII

	Conceptual Knowledge—The relationships among pieces of a larger structure that make them function together

	Knowledge of classifications and categories
	Species of animals, different kinds of arguments, geological eras

	Knowledge of principles and generalizations
	Types of conflict in literature, Newton’s Laws of Motion, principles of democracy

	Knowledge of theories, models, and structures
	Theory of evolution, economic theories, DNA models

	Procedural Knowledge—How to do something

	Knowledge of subject-specific skills and algorithms
	Procedure for solving quadratic equations, mixing colors for oil painting, serving a volleyball

	Knowledge of subject-specific techniques and methods
	Literary criticism, analysis of historical documents, mathematical problem-solving methods

	Knowledge of criteria for determining when to use appropriate procedures
	Methods appropriate for different kinds of experiments, statistical analysis procedures used for different situations, standards for different genres of writing

	Metacognitive Knowledge—Knowledge of thinking in general and your thinking in particular

	Strategic knowledge
	Ways of memorizing facts, reading comprehension strategies, methods of planning a Web site

	Knowledge about cognitive tasks, including appropriate contextual and conditional knowledge
	Different reading demands of textbooks and novels; thinking ahead when using an electronic database; differences between writing emails and writing business letters

	Self-knowledge
	Need for a diagram or chart to understand complex processes, better comprehension in quiet environments, need to discuss ideas with someone before writing an essay 
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Marzano’s New Taxonomy

Robert Marzano, respected educational researcher, has proposed what he calls A New Taxonomy of Educational Objectives (2000). Developed to respond to the shortcomings of the widely used Bloom’s Taxonomy and the current environment of standards-based instruction, Marzano’s model of thinking skills incorporates a wider range of factors that affect how students think and provides a more research-based theory to help teachers improve their students’ thinking. 

Marzano’s New Taxonomy is made up of three systems and the Knowledge Domain, all of which are important for thinking and learning. The three systems are the Self-System, the Metacognitive System, and the Cognitive System. When faced with the option of starting a new task, the Self-System decides whether to continue the current behavior or engage in the new activity; the Metacognitive System sets goals and keeps track of how well they are being achieved; the Cognitive System processes all the necessary information, and the Knowledge Domain provides the content.
The Three Systems and Knowledge
	Self-System

	Beliefs About the Importance of Knowledge
	Beliefs about Efficacy
	Emotions Associated with Knowledge


	Metacognitive System

	Specifying Learning Goals
	Monitoring the Execution of Knowledge
	Monitoring Clarity
	Monitoring Accuracy


	Cognitive System

	Retrieval
	Comprehension
	Analysis
	Knowledge Utilization

	Recall
	Synthesis
	Matching
	Decision Making

	Execution
	Representation
	Classifying
	Problem Solving

	
	
	Error Analysis
	Experimental Inquiry

	
	
	Generalizing
	Investigation

	
	
	Specifying
	


	Knowledge Domain

	Information
	Mental Procedures
	Physical Procedures


Classroom Example

Libby, a 3rd grader is thinking about a slumber party she is going to attend this weekend when her teacher begins a math lesson. Libby’s Self-System decides to stop thinking about the party and engage in the lesson. Her Metacognitive System tells her to pay attention and ask questions so she can do the assignment. Her Cognitive System provides her with the thinking strategies she needs to make sense of the teacher’s instructions. The mathematical knowledge about concepts and procedures makes it possible for her to complete the problems successfully. Each component of the New Taxonomy contributes to Libby’s success at learning the math concept and skills of the lesson.
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Knowledge Domain

Traditionally, the focus of most instruction has been in the component of knowledge. Students were assumed to need a significant amount of knowledge before they could think seriously about a subject. Unfortunately, in traditional classrooms, instruction rarely moved beyond the accumulation of knowledge, leaving students with a mental file cabinet full of facts, most of which were quickly-forgotten after the final test.

Knowledge is a critical factor in thinking. Without sufficient information about the subject being learned, the other systems have very little to work with and are unable to engineer the learning process successfully. A high-powered automobile with all the latest technological features still needs some kind of fuel to make it fill its purpose. Knowledge is the fuel that powers the thinking process.

Marzano identifies three categories of knowledge: information, mental procedures, and physical procedures. Simply put, information is the “what” of knowledge and procedures are the “how-to.” 

Information

Information consists of organizing ideas, such as principles, generalizations, and details, such as vocabulary terms and facts. Principles and generalizations are important because they allow us to store more information with less effort by placing concepts into categories. For example, a person may never have heard of an akbash, but once someone knows that the animal is a dog, he knows quite a bit about it. 

Mental Procedures

Mental procedures can range from complex processes, such as writing a term paper to simpler tasks such as tactics, algorithms, and single rules. Tactics, like reading a map, consist of a set of activities which do not need to be performed in any particular order. Algorithms, like computing long division, follow a strict order which does not vary by situation. Single rules, such as those covering capitalization, are applied individually to specific instances. 

Physical Procedures

The degree to which physical procedures figure into learning varies greatly by subject area. The physical requirements necessary for reading may consist of no more than left-to-right eye movement and the minimal coordination needed to turn a page. On the other hand, physical and vocational education require extensive and sophisticated physical processes, such as playing tennis or building a piece of furniture. Contributing factors to effective physical processing include strength, balance, manual dexterity, and overall speed of movement. Many of the activities which students enjoy in their leisure time such as sports or electronic game-playing require refined physical procedures. 

Classroom Example

Most curriculum standards are organized around concepts which are usually labeled by one or two words. A concept such as “triangles” would include all the information components: 

· Vocabulary (information): isosceles, equilateral, hypotenuse 

· Generalization (information): All right triangles have one angle of 90 degrees. 

· Mental procedures: Conducting proofs and figuring the length of the side of a right triangle 

· Physical procedures: Constructing triangles with a compass and ruler
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Cognitive System

The mental processes in the Cognitive System take action from the knowledge domain. These processes give people access to the information and procedures in their memory and help them manipulate and use this knowledge. Marzano breaks the Cognitive System down into four components: knowledge retrieval, comprehension, analysis, and knowledge utilization. Each process is composed of all the previous processes. Comprehension, for example, requires knowledge retrieval; analysis requires comprehension, and so on. 

Knowledge Retrieval

Like the knowledge component of Bloom’s Taxonomy, Knowledge Retrieval involves recalling information from permanent memory. At this level of understanding, students are merely calling up facts, sequences, or processes exactly as they have been stored.

Comprehension

At a higher level, Comprehension requires identifying what is important to remember and placing that information into appropriate categories. Therefore, the first skill of comprehension, synthesis, requires the identification of the most important components of the concept and the deletion of any that are insignificant or extraneous. For example, a student learning about the Lewis and Clark expedition should bother to remember the route that the explorers took but not how many weapons they carried with them. Of course, what is considered important about a concept depends on the context in which it is learned, so the information that is stored about a topic would vary by situation and student.

Through representation, information is organized in categories that make it more efficient to find and use. Graphic organizers, such as maps and charts, encourage this cognitive process. Interactive thinking tools such as the Visual Ranking Tool which allows students to compare their evaluations with others, the Seeing Reason Tool which helps students develop maps of systems, and the Showing Evidence Tool, which supports the creation of good arguments, also serve the purpose of representing knowledge.

Analysis 

More complex than simple comprehension, the five cognitive processes in Analysis are matching, classifying, error analysis, generalizing, and specifying. By engaging in these processes, learners can use what they are learning to create new insights and invent ways of using what they have learned in new situations.    

Knowledge Utilization 

The final level of cognitive processes addresses the use of knowledge. Marzano calls these processes Knowledge Utilization, or Using Knowledge. The processes of using knowledge are especially important components of thinking for project-based learning since they include processes used by people when they want to accomplish a specific task.

Decision-making, a cognitive process involves the weighing of options to determine the most appropriate course of action. 

Problem-solving occurs when an obstacle is encountered on the way to achieving a goal. Sub-skills for this process include identification of and analysis of the problem. 

Experimental inquiry involves generating hypotheses about physical or psychological phenomena, creating experiments, and analyzing the results. Third graders designing bean plant experiments and analyzing ideal conditions for growth are conducting experimental inquiry. For more information on this project, see the Unit Plan, The Great Bean Race. 

Investigation is similar to experimental inquiry but involves past, present, or future events. Unlike experimental inquiry which has specific rules for evidence based on statistical analysis, investigation requires logical arguments. In an experimental inquiry, learners observe and record direct data about phenomena. In an investigation, the information is less direct. It comes from the research and opinions of others through their writings, speaking, and other work. High school physics students who research current physics issues and use what they learn to persuade lawmakers to fund particular types of research are conducting investigations. See Help Wanted! Physicist for details on this project. 

Metacognitive System

The metacognitive system is the “mission control” of the thinking process and regulates all the other systems. This system sets goals and makes decisions about which information is necessary and which cognitive processes best suit the goal. It then monitors the processes and makes changes as necessary. For example, a middle-school student who is contributing to a virtual museum about different rocks first establishes the goals of what his Web page will have on it and what it will look like. Then he chooses what strategies he will use to find out what he needs to know in order to create the page. As he implements the strategies, he monitors how well they are working, changing or modifying how he is working in order to complete the task successfully. 

Research on metacognition, particularly in literacy and mathematics, makes a convincing case that instruction and support in the control and regulation of thinking processes can have a strong impact on achievement (Paris, Wasik, Turner, 1991; Schoenfeld, 1992).
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Self-System

As any teacher knows, providing students with instruction in cognitive strategies, even with metacognitive skills, is not always enough to ensure that they will learn. Teachers also are often pleasantly surprised to discover that a student has accomplished a task that they considered to be far too difficult. These situations occur because at the root of all learning is the Self-System. This system is comprised of the attitudes, beliefs and feelings that determine an individual’s motivation to complete a task. The factors that contribute to motivation are: importance, efficacy, and emotions.

Importance

When a student is confronted with a learning task, one of her first responses is to determine how important the task is to her. Is it something she wants to learn or believes she needs to learn? Will the learning help her accomplish a pre-determined goal? 

Efficacy

Efficacy, as defined by a developer of social learning theory, Albert Bandura (1994), refers to people’s beliefs about their ability to accomplish a task successfully.  Students with a high degree of self-efficacy face challenging tasks head-on, with the belief that they have the resources to be successful. These students become deeply engaged in these tasks, persist at working on the task, and overcome the challenges. 

Bandura describes some ways in which students can develop feelings of self-efficacy. The most powerful way is through successful experiences. The experiences must be neither too difficult nor too easy. Repeated failure undermines self-efficacy, but success at overly simple tasks fails to develop a sense of resilience necessary for persisting at difficult tasks. 

Emotions

Although students cannot control their emotions related to a learning experience, these feelings have a huge impact on motivation. Effective learners use their metacognitive skills to help them deal with negative emotional responses and take advantage of positive responses. For example, a student with a negative emotional feeling about reading technical materials could decide to read his chemistry textbook when he is exceptionally alert, rather than just before he goes to sleep at night.
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In the Classroom with Marzano’s New Taxonomy

Elementary Example
Lonnie is a fourth grader participating in the project-based unit, From Sea to Sea, in which he will look at cities in his region and their importance as commercial and trade centers. Lonnie is motivated almost completely by his emotional response to class activities. He sees little value in typical school-type assignments, but he is a curious boy, and often finds something in the subjects he’s studying to interest him. He is a confident learner with a high opinion of his ability to accomplish assigned tasks even though he doesn’t always complete them. 

Lonnie is not a lazy boy, but he often flits from one thing to another without following through on plans. His teacher knows her students quite well and realizes that she does not need to spend extra time building up Lonnie’s sense of efficacy. She also knows that he will easily pick up the cognitive strategies that he needs in order to complete the project. The areas in which he needs the most help are with his emotional responses and metacognition. Since the project allows for some choices, the teacher will help Lonnie choose a local business that interests him. He is very interested in motorcycles, so she encourages him to do research on that business. She also provides him with checklists of tasks to be accomplished and time for reflecting on his work to develop his metacognitive abilities. 

By working with Lonnie to build up his metacognitive skills and providing projects that allow him to pursue his interests, his teacher is creating an environment in which he can think deeply about what he is learning. At the same time she is helping him build skills and strategies that will serve him throughout his life.

Secondary Example

Jessica is working on the unit Play Ball, a project-based unit in which students study the mathematics of baseball. She prefers her humanities courses like English and world history, and she has no interest in baseball whatsoever. She did, however, decide at an early age that she wanted to be a journalist and knows that she wants to go to a private college with an excellent journalism program. Therefore, she sees the work she does in her math class as important because it helps her achieve her goal of getting into a good college even though it is not particularly interesting to her. 

Jessica is a high-achiever, but she is not as good in math as she is in writing, and so she’s a bit reluctant to get too engaged in the project for fear she will disappoint herself and others. Since her teacher knows this about her, she makes sure that Jessica has the prerequisite skills and knowledge and gives her lots of encouragement. When Jessica’s Self-System has provided her the motivation to learn, her other systems can take charge of her learning process.

Jessica begins the unit by learning the definitions of some basic vocabulary words. As she works through the project, the teacher gives instruction that supports her learning through the different systems. When she is asked to compare different players’ statistics, the teacher models the kinds of matching she needs to do, and when she reaches the point of the project where she chooses an aspect of baseball to research further, the teacher gives her some instruction in decision making. 

To encourage metacognitive thinking, the teacher schedules small-group reflection sessions at critical points in the project and Jessica writes in her journal reflecting on how her work is going. By addressing all the systems as well as the knowledge domain, Jessica’s geometry teacher increases the likelihood that Jessica will develop higher-order thinking skills in mathematics and that she will be able to apply what she has learned in new situations.
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Differences in Learning
Today’s teacher knows that the ways in which students learn vary greatly. Individual students have particular strengths and weaknesses which can be built upon and enhanced through effective instruction. Project-based learning with technology is a powerful way to use students’ strengths to help them become better thinkers and more independent learners. 

Project tasks that allow students to use their individual learning styles are not a direct path to higher-order thinking, however. It is possible to create products that reflect shallow and superficial thought. (Ennis, 2000). Nevertheless, the motivating factors associated with choice when individual learning styles are addressed in projects, suggest that teaching thinking skills in the context of individual learning styles increases the likelihood that students will learn them.
The use of technology in projects also provides opportunities for students to make choices about how they learn, allowing them to take advantage of the strengths of their learning styles. Using software and hardware to create videos, slide shows, publications, and musical compositions can help students learn thinking skills and subject matter content in ways that acknowledge their talents and interests.

Visual-Auditory-Kinesthetic Learning Styles

The simplest and most common way of identifying different learning styles is based on the senses. Commonly called the VAK model, this framework describes learners as visual, auditory, or kinesthetic. Visual learners most effectively process visual information; auditory learners understand best through hearing; and kinesthetic/tactile learners learn through touch and movement. A study conducted by Specific Diagnostic Studies found that 29 percent of all students in elementary and secondary schools are visual learners, 34% learn through auditory means, and 37% learn best through kinesthetic/tactile modes (Miller, 2001).

V-A-K Learning Styles
	Visual
	Pictures, videos, graphics, diagrams, charts, models

	Auditory
	Lecture, recording, storytelling, music, verbalization, questioning

	Kinesthetic
	Acting, role-play, clay modeling


There are many online  inventories and questionnaires to help people determine their preferred learning style. Although most are not scientifically reliable, they provide insight into learning preferences. Teachers must exercise caution, however, in relying on students’ self-assessment of their learning styles. Researchers Barbe, Milone, and Swassing (cited in Cotton, 1998) argue that learners’ preferences are not necessarily the area in which they are the strongest. In addition, all learning styles are not necessarily appropriate for all content. While it may be possible to learn something about driving a car by watching or hearing someone discuss it, few of us would want to be on the road with people who haven’t had considerable hands-on learning experiences in an automobile. Choosing teaching methods based on sensory learning styles requires deep subject matter knowledge and good teacher judgment.
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Left-Brain/Right Brain Learning Differences
Another method of categorizing individual learning styles is by brain hemispheres. Asselin and Mooney (cited in Miller, 2001) described learners as either right brain, global, or left brain, analytic. In general, global learners “perceive things as a whole, make broad general distinctions among concepts, are people oriented, and learn material in a social context” (p. 3). Analytic learners, on the other hand, perceive things in parts rather than as whole and impose structure or restrictions on information and concepts” (Miller, 2001, p. 3). 

How individuals concentrate on and remember new and difficult information is related to whether their cognitive processing style is global or analytic. Some students learn more easily when information is presented step-by-step in a sequential pattern that builds toward a conceptual understanding. Others learn more easily either when they understand the concept first and then concentrate on the details or when they are introduced to the information with a humorous story or anecdote related to their experience and replete with examples and graphics (Dunn, 1995, p. 18).
Brain Hemispheres
Left Brain:  Analytical, logical, sequential, step-by-step, rational, part-to-whole

Right Brain:  Holistic, random, intuitive, subjective, synthesizing
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Howard Gardner’s Multiple Intelligences 

In the last decade, more and more educators have warmed to Howard Gardner’s theory of Multiple Intelligences. Logical/mathematical and linguistic intelligences, the two ways of thinking most valued in school are only two of eight intelligences described by Gardner based on biological and cultural research. In addition, he found spatial, musical, bodily/kinesthetic, interpersonal, intrapersonal, and naturalist intelligences.

Multiple Intelligences

	Logical-Mathematical
	The ability to detect patterns, reason deductively and think logically. This intelligence is most often associated with scientific and mathematical thinking.

	Linguistic
	Mastery of language. This intelligence includes the ability to effectively manipulate language to express oneself rhetorically or poetically. It also allows one to use language as a means to remember information .

	Spatial
	The ability to manipulate and create mental images in order to solve problems. This intelligence is not limited to visual domains—Gardner notes that spatial intelligence is also formed in blind children.

	Musical
	The capability to recognize and compose musical pitches, tones, and rhythms (Auditory functions are required for a person to develop this intelligence in relation to pitch and tone, but it is not needed for the knowledge of rhythm.).

	Bodily-Kinesthetic
	The ability to use one’s mental abilities to coordinate one’s own bodily movements. This intelligence challenges the popular belief that mental and physical activity are unrelated (ERIC, 1996, p. 2).

	Interpersonal
	A core capacity to notice distinctions among others; in particular contrasts in their moods, temperaments, motivations, and intentions (Gardner, 1993, p. 42).

	Intrapersonal
	Access to one’s own feeling life, one’s range of emotions, the capacity to effect discriminations among these emotions and eventually to label them and to draw upon them as a means of understanding and guiding one’s own behavior (p. 44).

	Naturalist
	Expertise in the recognition and classification of plants and animals. These same skills of observing, collecting, and categorizing might also be applied in the “human” environment… (Campbell, 2003, p. 84).


Learning Styles and Thinking Skills

A student who relies on hunches, feelings, and intuition to make decisions may have difficulty recognizing the value of a thinking process that prizes the careful analysis of assumptions and weighing of evidence. On the other hand, a student who is comfortable with linear thinking and the rational dissection of arguments, may find global, connected thinking extremely challenging. In any case, individuals can exhibit different learning and thinking styles in different contexts, and adding on a new credible way of processing information can only enhance a person’s ability to make smart decisions in life. In order to help all students become the best thinkers they can be, may require not only expanding our ideas of what good thinking is, but also finding ways to persuade students of the value of using thinking strategies that may, at first, feel strange and uncomfortable.
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In the Classroom: Learning Styles at Work
	Elementary
	Concept: Simple Machines

	
	Learning Style
	Activity

	V-A-K
	Visual
	Look for pictures of simple machines in newspapers or movies

	
	Auditory
	Listen to and watch a construction worker explain how he or she uses simple machines at work

	
	Kinesthetic
	Build a simple machine from clay, Legos or tinker toys

	Left Brain/

Right Brain
	Left Brain
	Follow step-by-step directions to build a simple machine

	
	Right Brain
	Discuss the role that machines play in our lives

	Multiple Intelligences
	Logical-Mathematical
	Break complex machines down into simple machines

	
	Linguistic
	Write or paper or make a speech describing the importance of a machine

	
	Spatial
	Create a presentation showing the different ways in which a simple machine is used.

	
	Musical
	Compose a song about a simple machine that uses the appropriate vocabulary.

	
	Bodily-Kinesthetic
	Use everyday objects to create a simple machine

	
	Interpersonal
	Work with a group to make a video about simple machines for pre-school children

	
	Intrapersonal
	Keep a journal reflecting on how your learning about simple machines is progressing

	
	Naturalist
	Find examples of simple machines in nature, such as birds’ beaks as levers


	Secondary
	Concept: Interpretation of Allegories in Literature

	V-A-K
	Visual
	Watch one of the Lord of the Rings movies and interpret it as an allegory

	
	Auditory
	Listen to a sermon on parables or allegories from a religious perspective

	
	Kinesthetic
	Make a video of an allegory

	Personality Types
	Introvert
	Find an allegory that is especially meaningful to you and write a paper explaining its meaning.

	
	Extravert
	Participate in a discussion of the allegory in Lord of the Flies

	
	Sensing
	Compose an allegory based on something you have observed in your school

	
	Intuitive
	Look at allegories from different cultures and identify patterns

	
	Thinking
	Apply the components of an allegory to specifics of daily life

	
	Feeling
	Write an allegory addressing an aspect of human experience that affects people’s happiness

	
	Judging
	Write a detailed project plan for developing an animated allegory

	
	Perceiving
	Generate a list of possible projects related to allegories and select one to work on in more detail

	Multiple Intelligences
	Logical-Mathematical
	Interpret an allegory and discuss the consequences of its assumptions in a different context

	
	Linguistic
	Write an original allegory

	
	Spatial
	Make a model that represents an allegory

	
	Musical
	Analyze the allegorical components of Don McLean’s “American Pie”

	
	Bodily-Kinesthetic
	Perform an allegory

	
	Interpersonal
	Work with a group to produce a multimedia presentation about an allegory

	
	Intrapersonal
	Apply the meaning of an allegory to your own life

	
	Naturalist
	Write an allegory inspired by the behavior of animals in the wild
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Deep and Meaningful Thinking 

With the widespread use of computers in the 21st century, human beings can use technology to go beyond the kind of rationality that is best performed by machines to the kind of thinking that is inventive, productive, and ethical. 

Most educators would agree that their students are not as proficient at these kinds of thinking as they would like them to be. Textbooks and other teaching materials often consist of activities that require low-level skills such as recall and memorization. The academic standards movement of the last decade has focused interest on the development of higher-order thinking skills through more rigorous academic expectations. These kinds of skills can be grouped into three categories.

Analysis >
Analysis, as defined by Robert Marzano, consists of matching, classifying, error analysis, generalizing, and specifying. By engaging in these processes, learners can use what they are learning to create new insights and invent ways of using what they have learned in new situations. When people use analysis skills to determine the validity and worth of a particular piece of information, they are engaging in critical thinking. Another type of analysis is argumentation, the presenting of claims and evidence persuading others of a point of view. 

Using Knowledge >
The purpose of having knowledge is to use it. Traditional educational practices assumed that students needed a considerable amount of knowledge in order to do anything with it. Unfortunately, students rarely moved past the learning of facts, accumulating more and more of what philosopher Alfred Lord Whitehead called “inert knowledge.” 

Using knowledge is the fun, and frustrating, part of learning. Project-based learning allows students to practice higher-order thinking and use knowledge. The processes included in this category are decision making, problem solving, experimental inquiry, and investigation. Creativity, another type of complex thinking, is often described as a special type of problem solving.

Metacognition >
Metacognition, or “thinking about thinking” refers to the mental processes that control and regulate how people think. Metacognition is especially important in project-based learning because students must make decisions about what strategies to use and how to use them. The three components of metacognition are: awareness, planning and goal setting, and monitoring. Students who are metacognitively aware are able to describe how they make decisions and are able to adjust the strategies they use when they are not successful. 

Thinking with Data >
In the 21st century, using data involves more than adding numbers and performing statistical analyses. It requires logical thinking, creativity, collaboration, and communication. Students must learn to think with all kinds of data responsibly in order to make good decisions in their personal lives and to participate fully in debates about the political, social, and environmental issues of contemporary life. 
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Digging Deeper for Understanding

Robert Marzano in his New Taxonomy of Educational Objectives proposes a new model for thinking about the processes involved in learning. He identifies three systems: the Self-System, the Metacognitive System, and the Cognitive System, all of which work in coordination with the Knowledge System. He breaks the Cognitive System down into four components: knowledge retrieval, comprehension, analysis, and knowledge utilization. 

While comprehension entails what Piaget called assimilation, the integrating of new knowledge into the learner’s existing knowledge, analysis parallels his concept of accommodation through which a person restructures their understanding based on what has been learned.

Marzano identifies five cognitive processes in analysis: matching, classifying, error analysis, generalizing, and specifying. By engaging in these processes, learners can use what they are learning to create new insights and invent ways of using what they have learned in new situations.

Matching involves identifying similarities and differences between concepts. Marzano describes four steps involved in matching:

1. Choosing what will be analyzed

2. Identifying the attributes or characteristics to be analyzed

3. Establishing how they are alike and different

4. Communicating the similarities and differences precisely

Classification involves organizing concepts or ideas into meaningful categories. The components of classification are:

1. Selecting the concept to be classified

2. Identifying the important attributes of the concept

3. Naming a superordinate category to which the concept belongs and communicating why it belongs in that category

4. Identifying any subordinate categories for the concept and explaining their relationships

Error Analysis is an important aspect of what is often called critical thinking. By using this process, students evaluate the reasonableness of knowledge. From one perspective, error analysis can be compared to logical thinking, the judging of arguments, and identification of fallacies in reasoning.

Generalizing can be conducted both deductively and inductively, but it involves making inferences to form principles or rules which can be tested against specific events or concepts. Making good generalizations involves four steps:

1. Directing attention to specific observations or information

2. Finding patterns and connections in the information

3. Creating a statement that accounts for the connections and patterns

4. Collecting more examples and test them to see if the generalization continues to ring true and change it if it does not

Specifying is the counterpart to generalizing. It is the process of “generating new applications of a known generalization or principle” (p. 44). The steps for specifying are:

1. Identifying the concept that is being analyzed.

2. Choosing the generalizations that apply to the concept.

3. Ensuring that the concept matches the conditions of the generalization.

4. Drawing conclusions and make predictions based on the application of the generalization.

The skills used in the analysis of print or online resources are necessary if students are to think critically about the information they find and to use that information effectively. 

References
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Teaching Analysis to Students in Grades 1-3
Working with older buddies, primary students become experts on the eight species of bears. Students engage in a variety of comparison activities, including estimating then measuring the differences between themselves and bears. They also compare the habitats, size, and needs of two species. Finally, students dig deeper to learn all they can about one bear, and apply their expertise as they make a guide for children who visit the local zoo. For more information about this unit go to Meet the Bears.

Matching: Students compare two different types of bears and record their differences and similarities.

Classification: Students classify books about bears as fiction or non-fiction.

Error Analysis: As they read fictional books about bears, students look for characteristics and behaviors that are not true of real bears in the wild.

Generalizing: Students write a statement that is true about all bears.

Specifying: After studying different kinds of bears, students look at pictures of different kinds of bears and label what kinds of bears they are.
Teaching Analysis to Students in Grades 6-8
In this immigration simulation, students travel back in time and experience life through the eyes of a nineteenth century European immigrant. They study the push-and-pull factors of migration, and write multimedia "letters" to the "old country" describing their impressions of their new home in America and the challenges and opportunities it has to offer. This is one phase in a unit of instruction about waves of immigration, and includes a look at Asian and Hispanic migrations as well. See Destination America: Our Hope, Our Future  for more information on this unit.

Matching:  Students compare the America they live in with the one that new immigrants found in the nineteenth century.

Classification: After studying the different groups of people who immigrated to the United States, students classify them according to their reasons for immigrating.

Error Analysis: Students critically read stories and articles written at the turn of the century about immigrants, identifying incorrect assumptions and conclusions.

Generalizing: Students generate principles about current immigration policy.

Specifying: Students use principles they have generated to make recommendations about what course of action should be taken in specific current immigration issues.

Teaching Analysis to Grades 9-12 Students
Using Jim Brandenburg's article "North Woods Journal" from 1997's November issue of National Geographic as inspiration, students venture into nature and record their experiences in words and photographs. They develop a lecture in which they compare their reactions to nature with the perceptions and attitudes of writers such as Emerson, Fuller and Thoreau. Journal entries and photographs are combined in an electronic slideshow, and serve as a multimedia "backdrop" for each student's presentation. 

Matching: Students observe a variety of places in their communities and compare what they see, hear, and feel there.

Classification: Using the information recorded in their journals, students categorize the data they have collected.

Error Analysis: As part of the creation of their multimedia presentations, students review each other’s work and look for errors in consistency and reasoning.

Generalizing: Students use the categorized date from their journals to develop statements about their awareness of their surroundings.

Specifying:  To make their multimedia presentation students find concrete images and language to demonstrate their principles.
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Searching for the Truth

When educators discuss helping students develop their thinking skills, they often refer to critical thinking as their goal. This term which is used frequently in educational circles generally means forming opinions by seeking out relevant information, thoughtfully and objectively evaluating the quality of the information, and changing our minds when new credible information comes to our attention. Critical thinking is particularly important in democratic countries where people have the power to make decisions about the laws and policies they have to live with.

According to (Facione 1998), critical thinkers have a “Sherlock Holmes” type quality, although to a much lesser degree. They are always asking “Why?” or “How?” and are always on the lookout for relevant information. In addition to the ability to analyze and evaluate what they find out, critical thinkers also exhibit an inquisitive open-mindedness that drives them to seek the truth and the flexibility to change their minds when confronted with good reasons to do so. 

The most persuasive argument for the teaching of critical thinking, however, is a picture of what the world looks like when people do not think critically. A non-critical way of looking at the world around us consists of blind acceptance of advertising, political statements, textbooks, print resources, and the positions of organizations and institutions (Messina and Messina 2005). Although critical thinking is often thought of as negative, as in the refusal to believe what is false, it also refers to the acceptance of what is true. Refusing to believe anything is no better than believing everything.

Cognitive Skills

In 1990, a group of experts on critical thinking put together the Delphi Report which examined the concept of critical thinking and made recommendations for teaching it. Read more about their conclusions in the Executive Summary.
The report lists the following skills and sub-skills involved in critical thinking:

Interpretation

· Categorization

· Decoding Significance

· Clarifying Meaning

Analysis

· Examining Ideas

· Identifying Arguments

· Analyzing Arguments

Evaluation

· Assessing Claims

· Assessing Arguments

Inference

· Querying Evidence

· Conjecturing Alternatives

· Drawing Conclusions

Explanation

· Stating Results

· Justifying Procedures

· Presenting Arguments

Self-Regulation

· Self-examination

· Self-correction
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Teaching Critical Thinking in Grade 6

In the Unit Plan Don’t Trash the Earth, sixth graders exercise their critical-thinking abilities to make decisions about the environment. Their task is to evaluate the school's recycling and waste management practices. After analyzing current methods, teams develop a new recycling plan complete with cost analysis and supporting data, and present their proposals to the principal. In a final show of social responsibility, student entrepreneurs turn trash into treasure as they divert materials from the waste stream and turn it into attractive merchandise they sell at a holiday business fair. 

To complete this project successfully, the students interpret the information they hear and read about recycling and waste management. They categorize the different methods of recycling to find those that are appropriate for their specific situation. They also decide which information is important to consider, and they get clarification for terms and concepts they do not understand. 

As the students listen to speakers and find information in print and online resources, they analyze what they have found. They think about the arguments made for different types of recycling and think about their claims, the evidence that supports them, and the conclusions they draw. Based on what they see in the arguments, the students evaluate their resources, making judgments about which claims are reasonable, which evidence is credible, and which conclusions are logical. See the Showing Evidence Tool for a way to have students think about evaluating arguments and points of view. 

As students become familiar with the content related to recycling and waste management, they exercise their inference skills by combining the knowledge they have acquired with their personal experiences to ask questions about the evidence they are reading. They also think creatively by putting what they know together and drawing conclusions about the consequences of the use of particular methods in their school. They can also develop new alternatives based on what they have learned. 

Finally, students communicate their conclusions in a presentation to the principal. For this presentation, they explain the sources of their information and why they made the decisions they made. 
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Clear Reasoning
As students mature, they can learn more formal and structured types of argumentation. Younger students can prepare for this kind of reasoning by thinking carefully about the reasons for their opinions. Teachers of elementary students can encourage children to identify the sources of their opinions and evaluate how credible they are. Once students reach middle-school, they can begin to understand the terminology and structure of formal argumentation. Defined by the philosopher, Stephen Toulmin, persuasive arguments consist of at least three components: a claim, evidence, and warrants. 

Claims

A claim is a statement of a position that you want to persuade others to believe. Examples of claims are:

· Abraham Lincoln was more interested in saving the union than in freeing the slaves.

· Logging should be banned in all old-growth forests.

· Laws should forbid the cloning of human beings.

· Willy Lowman is the greatest tragic character in 20th century American literature.

Claims have different names in different contexts. They can also be called hypotheses, conjectures, predictions, theses, positions, propositions, and premises.

Evidence

Also called examples, facts, observation, or data, evidence consists of the reasons a person should believe your claim. The quality of evidence can be judged by asking questions about its sufficiency, credibility, and accuracy. 

· Is there enough evidence to support the claim?

· Does the evidence come from an unbiased authority?

· Is the evidence truthful and can it be verified from a variety of sources?

Evidence can be quantitative, numbers and statistics, or qualitative, descriptions and events. Whether the evidence is numerical or anecdotal, it should reflect a systematic analysis of a number of cases, not an isolated statistic or example.

Warrants 

The warrants answer the question: “Why does this evidence mean that someone should accept my claim?” is a warrant. The warrant of an argument is often assumed and implicit and may depend on the culture and experiences of the audience. For example, if a person argues that logging should be banned in old-growth forests, evidence for this claim might be that we are losing millions of acres of forest each year. The warrant for this evidence is that if old trees are beneficial and logging is removing so many old growth trees, it should not be allowed.

Clear and effective reasoning is an important skill for students to acquire. The Showing Evidence Tool gives students practice at forming and defending arguments. 
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Errors in Reasoning
Poor quality evidence and unreasonable warrants often lead to faulty conclusions. These errors in reasoning are often described as informal reasoning fallacies. Knowledge of these fallacies can help students form more powerful arguments and be better thinkers.

Hasty Generalizations
When people form opinions based on too little evidence or too few examples, they are making hasty generalizations. An example of this fallacy would be a person watching a story on the TV news about a woman cheating on welfare and assuming that most people on welfare are cheaters. Stereotypes are often the result of hasty generalizations. One type of hasty generalization is the spotlight fallacy in which those cases which are most well-known are believed to be representative of a majority of cases.

Accident

This type of fallacy occurs when individuals base an opinion on the exception to a rule. For example, although people generally agree that killing other people is wrong, most agree that there are times, such as in defense of yourself or others, when it might be acceptable. Reasoning by accident would say that since killing in self-defense is not wrong, then killing in another kind of situation is not wrong.

False Cause

This fallacy in reasoning occurs when students think that because two events happen one right after another, one causes the other. Both events could be caused by the same third event or they could just coincidentally happen at the same time. Many superstitions come from this kind of reasoning. “When I wear my lucky shirt, I always do well on tests.”  

False Analogy

Comparing two similar concepts or ideas through analogies can be a powerful tool for understanding unfamiliar concepts. Faulty reasoning comes into play, however, when unreasonable comparisons are made. For example, there are similarities among the American Revolution, the French Revolution, and the Mexican Revolutions, but making judgments about one might be faulty since there are also significant differences among the three revolutions.
Poisoning the Well

This strategy is used by people who are so committed to a particular point of view that they discount any evidence that conflicts with their views. A high school student, for example, may rant that Shakespeare’s plays are stupid and refuse to acknowledge that millions of people have enjoyed them for centuries.

Begging the Question

This fallacy, which is also called circular reasoning, is used when people use a claim itself as evidence for the validity of the claim. For example, a student would be begging the question if in response to the question, “Who was the most effective president of the United States,” she wrote, “Lincoln was the most effective president because he’s the best one we ever had.” Another student, asked to provide reasons for his choice of a favorite book would say, “This was the best book because I liked it.”

Evading the Issue

This type of reasoning is often used by public figures who do not want to discuss a particular topic for some reason. The reason may be valid, as in cases of confidentiality or security, or the topic may just be embarrassing or negative. For example, a mayor may respond to question about corruption in his administration by describing how the beautification of the city’s parks is progressing.
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Errors in Reasoning

Appeals to Authority

Persuasive evidence has credibility, and this kind of evidence can come from a respected authority. Although some may disagree with the opinions of the American Medical Association or the National Education Association, their views have the authority of coming from a knowledgeable source. Some authorities, on the other hand, are either inappropriate for particular arguments or only valued by particular groups. Appeals to religious authorities, for example, are only powerful arguments for those who are part of the religion. Other such appeals, such as the tried-and-true, “Because I said so” invoked often by parents may be effective and efficient at times, but they are not necessarily examples of good reasoning.

Arguing from Ignorance

This strategy claims that since a claim cannot be proved to be false, it must be true. “You can’t prove there are no flying saucers, so that means they must exist.”


Bandwagon

Used often in advertising, this fallacy appeals to the desire of humans to be accepted and like others. People are asked to believe or do something because “everyone else is doing it.” A clothing ad might imply that you should buy these jeans because all the “cool kids” wear them. A common retort to this argument is the popular, “If everyone else jumped off a cliff, would you do it, too?”

False Dilemma

Also called black-and-white-thinking, this type of reasoning reduces complex issues with multiple options to either-or issues. A common example of this fallacy is “America. Love it or leave it.” A student using this type of reasoning might say, “Either you like me and give me an A or you don’t like me and give me a C” or “Either you believe in prayer in schools or you’re an atheist.”

Straw Man

Picture this scenario. Lola Byron is running for city council and makes the following statement about the candidate running against her: “My opponent, Dirk Headstone, is in favor of raising taxes to build a golf course for the town’s elite.”  A person using this strategy portrays an opponent’s point of view inaccurately or incompletely so that it can be easily discounted. The name of this fallacy comes from the idea that a straw man can be burned and destroyed more easily than a real opponent.

These fallacies in reasoning abound both in public communications as well as in private conversations. Awareness of these common pitfalls in logic is important if students are to develop into good thinkers.
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Resources on Higher-Order Thinking Skills

· Anderson, L. W. and D. R. Krathwohl. A taxonomy for learning, teaching, and assessing: A revision of Bloom's Taxonomy of Educational Objectives. New York: Longman, 2001.This revision of Bloom’s Taxonomy is more in line with current knowledge about teaching and learning. The second half of the book is dedicated to the practical application of the revised taxonomy in instruction and assessment.

· Costa, A. L. (Ed.). Developing minds: A resource book for teaching thinking. Alexandria, VA: ASCD, 2000A comprehensive collection of short chapters on dozens of topics related to thinking written by nationally recognized experts in the field. If you can only afford one book on thinking for your school library, this volume is an invaluable resource for anyone interested in improving the thinking of students.

· Cotton, K. Teaching thinking skills. Portland, OR: NWREL, 1991. www.nwrel.org/scpd/sirs/6/cu11.html*
Although somewhat dated, this synthesis of research on teaching thinking holds up fairly well over time. It is available free of charge from the Northwest Regional Educational Laboratory and would be very useful for individual or faculty professional development.

· Facione, P. A. Critical Thinking: What It is and Why it Counts. Santa Clara, CA: OERI, 1998. www.insightassessment.com/pdf_files/what&why98.pdf*
This Executive Summary, called The Delphi Report, presents the consensus on critical thinking by the world’s most important cognitive psychologists.

· Fennimore, T. F. and M. B. Tinzmann. What is a thinking curriculum? Oak Brook, IL: NCREL, 1990. www.ncrel.org/sdrs/areas/rpl_esys/thinking.htm*

This 15-page article explores the concept of critical thinking as it relates to curriculum and classroom practice. It includes examples from both urban and rural schools that address thinking from an interdisciplinary perspective. 

· Marzano, R. J. Designing a new taxonomy of educational objectives. Thousand Oaks, CA: Corwin Press, 2000.

This book written by one of today’s most respect researchers on education and instructional practices, describes in detail his re-conceptualization of Bloom’s Taxonomy. It describes the theoretical basis for the taxonomy as well as practical applications of how it can be used.

· Sternberg, R. J. Handbook of creativity. New York: Cambridge University Press, 1999.

Sternberg has studied intelligence and creativity for many years. This volume includes essays by a variety of topics related to creativity. It can be heavy reading, but it is a comprehensive and reliable resource on the subject.

· Swartz, R. J. Towards Developing and Implementing A Thinking Curriculum. Keynote address presented at the 1st Annual Thinking Qualities Initiative Conference, Hong Kong, June 23, 2000. www.nctt.net/hongkongaddress.html*

Mr. Swartz is an internationally recognized expert on the topic of critical thinking. This speech offers a practical framework for integrating critical thinking across the curriculum and includes examples from all grade levels and subject areas.

· Thomas, M. Higher-Order Thinking Strategies for the Classroom.  Kansas City, MO: Center for Studies in Higher-Order Literacy, 1998. http://members.aol.com/MattT10574/HigherOrderLiteracy.htm
A summary of practical instructional strategies developed by content-area literacy experts, Anthony and Ula Manzo. The list includes suggestions for reading at deeper levels, sample questions, and study strategies.

· Wegerif, R. W. Literature review in thinking skills, technology, and learning. Bristol, England: NESTA Futurelab, 2002. www.nestafuturelab.org/research/reviews/reviews_11_and12/12_01.htm*

A well-written, comprehensive review of research in the area of technology and higher-order thinking. Although rather academic in tone, this article summarizes the important research on the topic.
· Willis, D. Critical thinking and the Internet. Ontario, Canada: Wilfrid Laurier University, 2005. http://info.wlu.ca/library/critical/
This resource compiled by a university reference librarian is an extensive list of Web sites that can be used with older students to teach them how to think critically about what they find on the Internet. It includes advice on how to evaluate the authority of a Web site and how up-to-date it is, along with examples of pseudo-science sites such as Stock Market Astrology and advertorials that blur the line between news and advertising.
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Making Use of Information

In 1929, the philosopher Alfred North Whitehead invented the term “inert knowledge” to describe the mindless accumulation of facts without purpose. David Perkins (1995) described inert knowledge as the “knowledge equivalent of a couch potato” (p. 22). It just sits around taking up space. The purpose of knowing things is, after all, to do something with what we know.

This point of view is especially important in project-based learning. It is also important in the integration of technology when students use technology to learn and to show what they have learned. Marzano’s Knowledge Utilization component of the cognitive processes includes four ways of using knowledge: decision making, problem solving, experimental inquiry, and investigation. 

Although teachers often worry that an emphasis on using knowledge rather than basic skills will result in lower test scores, a synthesis of research studies conducted by the George Lucas Foundation (2001) found that in many cases, the opposite was true. Students who studied mathematics through projects scored as well, or, in some cases, even better, than their counterparts who participated in more traditional learning activities. 

Decision Making >
The process of decision making is used when a person has to decide between two or more choices. Within a project activity students will be called upon to use this process frequently as they choose topics, resources, and methods of presentation. 

Problem Solving >
Problem solving occurs when students encounter a challenge or obstacle to the completion of a goal. Due to the complex nature of most projects, students in project-based learning classrooms must be expert problem solvers. 

Experimental Inquiry >
Experimental Inquiry is a particular type of using knowledge because it is governed by accepted rules of method and evidence. The most widely known type of experimental inquiry is the scientific method. Other types of experimental inquiry are experiments where some kind of treatment (such as a teaching method) is given to one group of children and withheld from another. This type of using knowledge has strict guidelines regarding the kind of evidence that is accepted, how this evidence is collected, and how conclusions are reached. 

Investigation >
Investigation is the process “of generating and testing hypotheses about past, present, or future events” (Marzano 2000, 47). Investigation is like experimental inquiry in some ways, but it differs in its methods and kinds of evidence. People do not directly observe and collect data in an investigation. They get their information from the writings and experiences of others. The conclusions of an investigation are judged based on the strength and logic of their arguments. 

It is important to remember that the cognitive skills of decision making, problem solving, experimental inquiry, and investigation, do not correspond directly to specific projects. A project, such as one in which primary children study different species of bears and use what they learn to develop a children’s guide to the bear section of the zoo are using problem solving, decision making, and investigation cognitive skills. The practice of these complex thinking strategies are based on lower-level skills such as analysis, comprehension, and retrieval.
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Making Good Choices
Decision making is an important skill in life. We make hundreds of decisions a day. Most are trivial and have no lasting impact on our lives while others can be life-changing. All educators strive to help students become good decision makers.

Marzano (2000) describes the steps of good decision making:

1. Think of as many alternatives as you can.

2. Think about the good and bad points of each alternative.

3. Think about the likelihood of success of the best alternatives.

4. Choose the best alternative based on its value and likelihood of success.

Perhaps, the most important stage of decision making is the first one, coming up with alternative responses.  People often fail to consider all the possible alternatives when contemplating a decision. They think, “I can do x or I can do y,” never thinking that there might also be a possible z or a, or b or even a 1a or a 2b (Swartz 2000). Important decisions are rarely simple, and the best alternative may only come after careful deliberation. Brainstorming is one technique for generating a large number of alternative responses for decisions. 

Once a group of reasonable alternatives has been collected, good decision makers must weigh the benefits and drawbacks to each one in order to make a sound choice. Knowledge plays an important role in this stage of making decisions. Having complete information is essential to making a good decision. 

Immature students often focus on only short-term consequences and also may fail to consider the effect their choices will have on others. It is also a characteristic of human nature that once we come to a decision we think is reasonable, we are unlikely to seriously consider a better one that may come to our attention. We may in fact refuse to accept any evidence that does not support our decision, even if it is credible (Langer, 1989). “Premature cognitive commitments are like photographs in which meaning rather than motion is frozen” (Swartz, 2000, p. 55).
Teaching Decision Making

Traditionally, many teachers have claimed they were “teaching” their students decision making by giving them decision-type problems to solve. This method has been found to be the least effective in helping students learn skills for making good decisions (Swartz).

Effective instruction in making decisions involves specifying a skill to emphasize in a learning activity, or stage of a project. Many different skills may be appropriate, but teaching one skill at a time in depth will produce greater results. Swartz recommends asking oral questions as students work on decisions, having them work in small groups, making graphic organizers to guide them in the process, and asking them to describe and reflect on their strategies during and after making the decision. Skills taught in this way are likely to transfer to new situations if students are reminded of the strategies they have studied in the past when they confront new decisions.
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Examples of Teaching Decision Making

In Teacher’s Pet young children study different animals and their habitats in order to choose a new pet for the teacher. This unit provides many opportunities for a teacher to discuss aspects of good decision making. As the students propose possible pets, they can be prompted to think about the long-term consequences of choosing different pets.

· How big will the pet grow to be and how big of a pet can the teacher have?

· What kind of a habitat does the pet need? Can the teacher provide the right habitat? What would happen to the pet if it lived for a long time in the wrong habitat?

· What kind of care does the pet need? Can the teacher give it the right care? What would happen to the pet if it lived for a long time without the right kind of care?

Middle school students think about what makes a hero in the unit Enduring Heroes. This unit gives students the opportunity to think about values and goals in terms of contemporary heroes. This unit can show how different people make different decisions based on their personal values and beliefs. Teachers can ask students to think about what values their proposed heroes represent and then give them explicit instruction in how to match those values to their own. 

Senior world-language students choose a country to visit in the unit ¡Vamonos!  While students are working on this project, the teacher can highlight different aspects of their decision to select a country, emphasizing making decisions that involve a complex network of considerations, such as climate, recreation, dialect of the language, personal preferences, and so forth. Helping students remember to consider the wide range of factors and the short- and long-term consequences of their choices is a skill that can be transferred to other projects in school and in life.

A word of caution to teachers who want their students to be better decision makers. Some programs give students a list of specific steps to go through when making decisions. This may not be the best way to teach the skills. Decisions are not always linear, and some students, depending on their personalities or thinking styles, may reject a rigid process, which may cause them not to think about their decisions at all. Help students find a way that makes sense for them and that helps them take into account all the information that they need to make a good decisions. The ways of doing this can be different depending on the learning and thinking styles of each student. Helping students devise methods that are flexible and practical makes it more likely that students will use them on their own. 
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Creating Solutions
Problem solving takes place whenever we are confronted with a barrier or challenge to achieving a goal. Problems can be simply solved, such as sharpening a pencil when the tip breaks, or can take years and input from hundreds of experts, such as coming up with a solution to global warming. Problems can have social, cultural, and political and personal dimensions. Some may have dozens of good solutions, and some may have only a solution that is less bad than the other possibilities. What is a serious problem for one person may not be a problem at all for another. In all cases, solving problems is part of learning and part of life.

Knowledge is extremely important for solving problems, because information is the fuel that leads us to success. Anyone can relate to being stuck with a problem, such as a plugged up sink, a screaming child, or a stalled car, knowing that the problem is solvable, but just not having the information needed to solve it. 

Facione (1999) describes a list of characteristics of good problem solvers developed by experts in critical thinking. These people show

· Clarity in stating the question or concern
· Orderliness in working with complexity
· Diligence in seeking relevant information
· Reasonableness in selecting and applying criteria
· Care in focusing attention on the concern at hand
· Persistence through difficulties are encountered
· Precision to the degree permitted by the subject and the circumstances
Wilson, Fernandez, and Hadaway (1993) add that those who are proficient at mathematical problem solving are aware of a variety of processes that they can use and also have the ability to invent new strategies when they encounter unexpected situations.

Problem Solving Processes

Problem solving begins with the identification of a problem. Specifying and describing a problem may be more of a creative process than an analytical one, since this stage requires the ability to see how things could be different. For example, Teri Pall, who invented the cordless phone in 1965, thought that it would be possible to talk on the phone while moving about the house. This took as much imagination as it did technical know-how. 

Cognitive processes are also important in problem solving. Anderson and his colleagues (1999) explain how different thinking skills contribute to the resolution of a problem. 

· Comprehension helps learners make a visual representation of the problem.

· Remembering helps people call up the information and procedures they will need.

· Synthesis helps them organize the knowledge they have gathered into a structure that will be most useful and efficient.

· Evaluation is used to decide which methods to use and whether these methods have worked.

· Metacognitive strategies help problem solvers set goals, make plans, change strategies in mid-stream if they need to, and make decisions about the success of the solution.

Technology and Problem Solving

The use of computer technology as a tool in problem solving has become more widespread as computers have become more sophisticatedand available. A variety of types of software help users portray problems graphically. Computer-based communication can provide learners with access to the information they need to produce solutions. It can also place students in contact with experts who can offer them strategies and encouragement.

Some kinds of computer games can provide students practice at understanding a problem, finding and organizing necessary information, developing a plan of action, “reasoning, hypothesis-testing and decision making,” and building awareness of different kinds of problem-solving tools (Wegerif, 2002, p. 28).

Wegerif (2002) eloquently describes the role that technology can play in solving problems:

Before the arrival of computers in human history it seemed natural to many to describe ‘higher order thinking’, or rationality, in terms of abstract reason on the model of formal logic or mathematics. This kind of thinking was really hard, potentially very useful and only a few people could do it well. Computers, however, find formal reasoning very easy. What they find hard is the sort of things most people take for granted like coming up creatively with new ways forward in complex, fast-changing and open-ended contexts where there is no certainty of being right. One way in which thinking skills are related to developments in technology is therefore simply that the human skills that we value most, and that are rewarded the most, are those skills that computers cannot yet imitate.
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Teaching Problem Solving

In order for students to develop into expert problem solvers, they must first encounter problems that engage them and give them opportunities to develop the skills they need to learn. Through project-based learning, students have direct experience solving problems. 

The types of problems that benefit students the most are the ones that perplex them. For a problem to have the most benefit for students it must be challenging enough to require the regulation of cognitive and metacognitive strategies. 

One way in which teachers can improve students’ problem-solving skills is by having them focus on processes rather than outcomes. Ellen Langer points out that thinking of outcomes often inhibits students in problem solving. A process orientation, thinking “How do I do it?” instead of “Can I do it?” helps them think actively of different ways in which a problem might be solved instead of focusing on the many possibilities for failure (Langer, 1989, p. 34).
A group of researchers in math education emphasize the importance of reflection during problem solving activities. “It is what you learn after you have solved the problem that really counts,” they explain (Wilson, Fernandez, & Hadaway, 1993). However, they warn that developing the desire to look back in students is very difficult. This is due, in part, to the specific culture of many mathematics classrooms in which the purpose of solving a problem is just to find the answer, not to learn problem-solving skills.

Reflection can occur in classrooms in both formal and informal ways. Providing time just for writing or talking about the processes they used to solve problems can help students refine their own processes. There is also considerable research to support the notion that students improve their problem solving skills by working in groups (Wegerif, 2002). These social situations provide them with natural ways of discussing how work on a project is progressing. 

It is tempting to provide students with a heuristic, or a rule of thumb, when solving problems. For many teachers and students alike, a left-brain process like following a series of steps when confronting a challenge seems like a logical way to approach a problem. Teachers must bear in mind, however, the many ways in which students’ thinking and learning styles differ. There is considerable evidence that the right brain plays a significant role in solving problems by imagining alternatives, viewing the whole picture, and assigning value to alternative solutions. 

Huitt (1998) suggests that, along with the critical and evaluative processes that are so important in problem solving, there is a second group of skills that “tended to be more holistic and parallel, more emotional and intuitive, more creative, more visual, and more tactual/kinesthetic.”  He argues that successful problem solvers are creative as well as logical. Both ways of thinking are critical to success. In fact, creativity is often thought to be a special kind of problem solving process. 
There are few skills as important for students to learn as problem-solving skills. Young people who can identify problems that can be solved, explore options for solutions, use appropriate thinking strategies, and manage the whole process metacognitively, are equipped for success in school, in the workplace, and in life.
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Examples of Problem Solving

Problem solving is such a critical skill that it is difficult to imagine an authentic situation in which students would not be practicing it. Settling disputes on the playground, working through a disagreement with a friend, arguing with a teacher over a grade or with parents over a curfew, are the kinds of problems students must solve in their everyday life. In any kind of complex activity or project, there are also countless problems to be addressed, such as issues with technology, irresponsible group members, inadequate materials, and so forth. 

Some projects, however, are built around the solving of big, important problems, often connected in some way to the community. In the Unit Plan, Go-Go Gadget: Invent a Machine, students identify work they want to perform, and invent a labor-saving machine to do the job. To help students improve their problem-solving skills during this unit, a teacher could offer mini-lessons on brainstorming, using drawing software to represent a problem, or modeling how to explain thinking processes to others. 

In the Unit Plan, Don’t Trash the Earth, middle school students turn trash into treasure as they divert materials from the waste stream and turn it into attractive merchandise they sell at a holiday business fair. Solving this problem requires the collection and analysis of data as well as creative thinking. A teacher could provide students with explicit instruction in the use of databases, the generation of numerous alternatives, and creatively thinking of uncommon uses for common waste materials. 

In the Unit Plan, Composting: Why Bother?, high-school adolescent students also address the topic of the environment when they engage in the entire process of making new material from waste, as they turn biodegradable garbage into the gardener's "black gold" or rich compost. In this unit, students have the opportunity to practice problem solving as they compete to get organic material to decompose rather than rot. They sell compost for a classroom fundraiser. By having students stop periodically and reflect on the problems they have encountered and how they addressed them, teachers can support the transfer of skills used in one context to other similar situations.
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Creating Knowledge
Experimental Inquiry is a special kind of problem solving that is governed by rules of process and evidence. Marzano (2000) describes experimental inquiry as a “process of generating and testing hypotheses for the purpose of understanding some physical or psychological phenomenon” (p. 57). 

The most well-known type of experimental inquiry is the “scientific method,” a way of answering questions about nature. There are six steps to the scientific method.

1. State a question or a problem.

2. Gather some information that is relevant to the problem.

3. Create a hypothesis that explains the problem.

4. Test the hypothesis by conducting an experiment or collecting more information.

5. Abandon or modify the hypothesis to fit with the results of the experiment.

6. If the hypothesis is found to be true or not true, “construct, support, or cast doubt on a scientific theory” (Shafersman, 1997).
Investigation is a way of using knowledge that is similar to experimental inquiry. It is “the process of generating and testing hypotheses about past, present, or future events” (Marzano, 2000, p. 47). The definitions of these two processes may sound like they describe the same kind of thinking, but there are significant differences.

Experimental inquiry is built on empirical evidence. This is evidence that can be examined through the senses. Theoretically, there should be no disagreement about what empirical evidence says because it is looks the same to everyone. The fact that the sun rises in the east is empirical evidence. People may disagree about why it rises in the east, but few would quibble with the fact that it does. The children measuring bean plants in the unit plan, The Great Bean Race, are collecting empirical evidence by measuring their bean plants. Scientific thinking requires that people figure out what kind of empirical evidence they need to prove or disprove their hypotheses.

A high school psychology student may hypothesize that students who start school later in the day get better grades than those who start early. She can collect the empirical evidence of which students take early classes, which ones take late classes, and what their grades are. These are facts and no one could disagree with what she finds out. Like a student who measures a shadow at different times of the day, the numbers she finds are empirical evidence. 

Now, of course, other things will need to be figured into experiments. Maybe in the high school  study, all the smart kids take early classes, or maybe just by coincidence this semester there happen to be a lot of good students who start school late in the day. Maybe the child measuring shadows is measuring them on a cloudy day where he can’t really see the edges clearly or maybe the tool he’s using to measure has blurry marks on it. All kinds of factors must be considered in experimental inquiry, and scientists and others who do this kind of inquiry know what the rules are. They know there is a right way to go about collecting and analyzing evidence. And that is what makes what they do officially experimental inquiry.

Page 1 of 2 l Next > 

< Return to Using Knowledge 
[PRORAMMING INSTRUCTIONS]
	Text link
	Link to Page

	Return to Using Knowledge
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/HigherThinking/UsingKnowledge/

	Next
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/HigherThinking/UsingKnowledge/Experimental_Inquiry2.htm

	The Great Bean Race
	http://educate.intel.com/en/ProjectDesign/UnitPlanIndex/GreatBeanRace


	Type of Page 
	CT2.2.2.L3b Leaf page series 2 of 2 

	Headline Title
	Experimental Inquiry and Investigation

	URL
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/HigherThinking/UsingKnowledge/Experimental_Inquiry2.htm


< Back l Page 2 of 2
Investigations
In an investigation, however, the students are not observing nature directly or collecting their own evidence. They are interviewing people, examining documents, and reading what others have said about a topic. Then they draw some conclusions based on what they have learned.

Just because they are not collecting original evidence does not mean that the quality of the evidence is not important to them. They need to be careful to use reliable sources and truthful information. What students have after performing this kind of process is not a scientific theory. Rather it is an argument.

For example, a sixth grader is investigating the Battle of Little Big Horn. He reads several accounts by Native Americans and by soldiers. He also reads biographies of General Custer and Sitting Bull. After he has collected all this information, he makes some conclusions about what happened there. His conclusions must follow the rules, not of the scientific method, but of good argumentation. His opinion about the Battle of Little Big Horn must be supported by credible evidence and follow the standards for good reasoning. Showing Evidence Tool can help students form good arguments.
Both kinds of inquiry are important in the classroom, but some are more appropriate for different subject areas and different topics. For example, students do not have access to the kinds of equipment necessary for many types of scientific experiments, but they can devise experiments using the natural materials they find around them. On the other hand, many historical, social, and political topics can be understood best through investigation, bearing in mind that there are also rules about drawing conclusions in these areas, too.
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Innovation and Ingenuity

Most educators would agree that creativity is generally a good thing. Yet few teachers have a clear idea of what creative student work looks like or what they can do to improve students’ creativity. Fortunately, there is research to help in this area. Creativity is something that all of us have to some degree, and there are techniques teachers can use to help students become more creative.

According to Robert Sternberg, a nationally-respected researcher on the subject, “Creativity is the ability to produce work that is both novel and appropriate” (cited in Armstrong, 1998, p. 3).  Highly creative individuals like Pablo Picasso and Albert Einstein have changed the face of the fields they work in by their fresh perspectives and original ideas. For the rest of us, however, “a thought would be considered creative if it is novel to the one who produces it, irrespective of how many others may have entertained that thought” (Nickerson, 2000, p. 394).

Children can be creative in many ways, by seeing new relationships that surprise their classmates and deepen a discussion. By “giving an example, giving a counter-example, questioning, proposing a solution, creating new relationships, providing context, inventing a problem” students can use their creativity to enrich their learning and the learning of others (Daniel, Lafortune and Pallascio, 2003, p. 18).

Creativity takes many forms in children—a first grader’s surprise ending to a story about her stuffed animals, a fifth grader’s plan for sharing playground equipment fairly, a high school junior’s robot, and a biology student‘s method for rebuilding the habitat of a local bird. Creative endeavors like these benefit both the individuals who perform them and the society which nurtures them. 

Helping students develop their creativity is a worthwhile goal if for no other reason than personal enhancement. A poem that is only read by the poet, an idea to make housekeeping more efficient, an insight into the world around us, may not be known to anyone, but still has the power to make life more meaningful and more pleasurable.  Teresa Amabile (1983) argues that anyone with normal intelligence can aspire to be creative in some area, and everyone benefits from the “excitement and color” (Nickerson 1999 400) these creative accomplishments add to our lives.

While having “excitement and color” in our lives is certainly a worthy goal, most of us live in a real world, where we are held accountable for very different outcomes with our students. We worry about improving students’ creativity when success is judged on the basis of academic learning and test scores? Sternberg and Lubart (1999) provide comforting news. They claim that research shows that when creative students are taught and assessed in ways that value their creativity, their academic learning also improves, so teaching to improve creativity can do more than make a person happier and more productive in society. It can also help students improve their test scores.
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Components of Creativity

People often tend to think of creativity as magical and mysterious. Certainly there is something strange and wonderful about the creation of a great work of art or an earth-shattering idea. Those who study creativity, however, believe that extraordinary products are made through essentially ordinary thinking processes, which means we can all develop our creativity to some degree.

Creative individuals possess a combination of intellectual abilities, personality traits, and subject-area knowledge. They have the cognitive ability to deal with complex situations, have a set of tools they can use to generate many ideas, and are able to concentrate completely on a task (Amabile 1983). According to Sternberg and Lubart (1999), creative individuals have what they call a “synthetic ability” to see problems in novel ways, an “analytic ability” to decide which ideas are worth following through on and which aren’t, and the ability to convince others that their ideas are worthwhile. 

Creativity is more than just the brain, however. People who are very creative also have personality and character traits that contribute to the production of unusual and appropriate solutions to problems. Two of the most important traits are the inclination to take sensible risks and the ability to tolerate high levels of confusion and ambiguity (Sternberg and Lubart, 1999).
There has been a great deal of discussion about the relationship between curiosity and flexibility. Being creative requires being able to see things from different perspectives and changing your point of view when the situation demands it. People who are creative also have self-efficacy, and believe in their ability to accomplish difficult tasks and are persistent at overcoming obstacles. 
Very creative people are often thought to be highly intelligent. While this is occasionally true, evidence shows that the connection between intelligence and creativity is not straightforward. Sternberg and O’Hara (1999) found people with low IQs are not likely to be exceptionally creative but above 120, there is no correlation between traditional intelligence and creativity. They even suggest that individuals with very high IQs may be rewarded so much for their analytical thinking that they do not reach their creative potential.

Technology and Creativity

In her 2002 review of the literature on creativity and technology, Avril Loveless explains the complicated relationship between creativity and technology. Tools such as digital audio, video devices, and computers can contribute to creative processes in a variety of ways. She explains that the features of technology such as provisionality, interactivity, capacity, range, speed, and automatic functions, allow students to do things that they could not do, or at least could not do as efficiently, without technology.

Because computers allow students to make changes and try out alternatives and keep track of how well they work, they are useful for revising and editing. The interactivity of computers allows users to receive and give feedback from processes or other individuals. Technology gives students access to great amounts of information that would have been unimaginable just a few years ago. Because computers can perform complex operations easily and quickly, users can put their efforts into more high-level processes such as the analysis, interpretation, and synthesis of information.

In the classroom, teachers can use technology to help students to brainstorm and evaluate ideas, make connections, collaborate, and communicate. They must remember, however, that it is not the access to technology that encourages creativity, but the creation of an environment in which technology can be used to accomplish goals in creative ways.
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Teaching Creativity

Some people may argue that it is impossible to teach creativity, that it is an innate quality like musical talent. However, like a talent, people can work to make themselves more creative, and teachers can help their students develop their creativity.

The classroom environment has a big impact on the development of creativity in students. Some suggestions for creating an environment that encourages creativity in a project-based classroom are:

· Have a variety of materials and equipment available

· Reduce the negative consequences of risk-taking

· Expose students to a wide range of creative products

· Make available resources on a wide range of topics so students can find something that interests them and sparks their imagination

· Allow flexibility in time and classroom arrangement

· Encourage students to collaborate on projects

· Make sure that students have some quiet time during project work because noise can inhibit creativity

· Connect students with creative individuals in the community

· Set an example by thinking creatively yourself and sharing your products, your processes, and your joy in your accomplishments

Success in any aspect of education is linked to student motivation. Research indicates that intrinsic motivation enhances creativity while extrinsic motivation generally undermines it. (Amabile 1983). Competition for prizes for the “best” product has a detrimental effect on creativity, possibly because the energy and commitment necessary to produce novel ideas takes a great deal of effort, which extrinsically motivated individuals are unlikely to expend (Collins and Amabile 1999).

The issue is not black and white, however. Different kinds of motivation may be effective at different stages of the creative process. While students are exploring a problem and trying to think of ideas, they may be intrinsically motivated. On the other hand, extrinsic rewards may encourage students to learn the skills they need to complete a task or to persist when the initial enthusiasm wears off (Collins and Amabile 1999).

Research has shown that explicit instruction in strategies that produce creative products can help students become more creative (Runco and Sakamoto 1999). Strategies such as brainstorming, exploring multiple options, and evaluating validity, can be taught and assessed in a variety of ways and contexts. Forcing students to compare unlike concepts can also bring out creative responses.

Teachers must take care with the use of examples of finished products. Although providing students with examples is generally considered to be beneficial, participants in a research study created products that contained features of the examples even when they were specifically told to create something as different as possible from the example (Ward, Smith and Finke 1999). It may be more useful to provide students with examples of processes that experts use than with examples of possible products.

All students have a creative potential within them. Whether they realize that potential depends only partly on their motivation and ability. By using language that encourages creativity and creating an environment which challenges and supports students in their creative efforts, teachers can help students think and act more creatively.
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Teaching Metacognition 
[highlight Box TEXT]

Look at some ways in which teachers incorporated metacognition into a project- based classroom. Learn more > 
Thinking about Thinking

Jason has been assigned a science project, but he doesn’t seem to have any idea how to start. He sits and stares out the window for a while and then raises his hand for the teacher. “I don’t understand,” he says. 

“Well,” the teacher says, “let’s think about some things you might do to start.”

“I could make a list of the things I have to do.”

“What else could you do?”

“I could think about what I did on my last project.” 

“Good idea.” 

“Last time I went to the library and looked in the computer. I wasted a lot of time without finding anything.”

“What could you do different this time?”

“Maybe I could ask Holly to help me with search words. She’s really good at that.”

“That sounds like the beginning of a good plan.”

Jason is intelligent and interested in science, but he is lacking in abilities that help him do complex projects. In her dialogue with him, the teacher is helping him think metacognitively so that he can develop an awareness of his thinking processes, plan strategies for completing the project, and monitor the success of those strategies.

Metacognition, or “thinking about thinking” refers to the mental processes that control and regulate how people think. Metacognition is especially important in project work because students must make decisions about what strategies to use and how to use them. Marzano’s (1998) research of 4000 different instructional interventions found that those that were most effective in improving student learning were those that focused on how students think about their thinking processes and on how students feel about themselves as learners. 

Components of Metacognition

The most basic component of metacognition is awareness of thinking processes. This awareness includes both the ways that students usually approach a task and alternative ways that they might approach it. Good learners are aware of how they think and can make smart choices about effective strategies. 

The planning component of metacognition is responsible for “identifying or activating the specific skills, tactics, and processes that will be used in accomplishing the goal” (Marzano, 1998, p. 60).  A student at this stage has an inner dialogue about what she could do and what would be most effective under the circumstances. If the task is simple, the person may not even be aware of the choices she is making. With a complex task, however, the metacognitive process is more explicit as the student turns different options over in her mind.

The final component of metacognition is monitoring. This function checks on the effectiveness of the plan and the strategies being used. For example, a sophomore biology student has decided to make a map on the computer to review a chapter for a test. After a few minutes, he realizes that he’s spending more time figuring out the software than thinking about the content and decides to draw the map on paper. A 5th grader who is compiling data about the temperature and humidity begins to add long lists of numbers and then realizes the work would be much faster and more accurate if she used a spreadsheet program. Continuous monitoring of thinking processes and making necessary changes is a critical component of metacognition.
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Teaching Students to Think about Their Thinking

The metacognitive abilities of students grow and thrive in an environment where the actual processes of thinking are an important part of the instruction and conversation during the day. To create this environment teachers and students must develop a language of thinking that they all use consistently. When teachers use terms like “strategy,” “process,” and “metacognition” frequently, they communicate their importance to students and emphasize the processes that are important for effective learning.

Tishman, Jay, and Perkins (1992) suggest hanging posters around the room to remind students to think about their thinking. Prompts such as “Is this the best strategy for the task?” or “Is your plan working as well as it could be?” help students remember to be metacognitive. 

Providing students time and tools to help them become more metacognitive in their learning is one of the most effective ways to improve student achievement (1998). Journals and learning logs can help students identify the strategies that they have used or might use and then evaluate their effectiveness. Scaffolding in the form of cues or prompts such as “What might you do next?” “How well are your strategies working?” can provide students with a structure that requires them to be metacognitive. Many students, especially those with special needs can benefit from explicit, repeated instruction in metacognitive strategies. For example, a teacher might begin with a think-aloud to articulate metacognitive thoughts:
Okay. What am I going to do next on this project? I need to put all the information I’ve collected together into a report. I could put each piece of information on a note card and then organize them into an outline, but that would waste a lot of time making note cards. I could go through my notes and mark each note with a category, then cross out all the notes I’m not going to use. I’ll see how that works. 

Although mentioning actual cognitive processes is part of modeling metacognitive processes, it’s important to model thinking processes to affect students’ self-regulating abilities. Modeling learning strategies, such as methods of comprehending texts (e.g., asking questions) or solving word problems (e.g., identifying variables) is an effective method for teaching students learning strategies, but unless awareness, planning, and monitoring of thinking are explicitly addressed, the modeling will not have an effect on students’ metacognition. 

Other sources for metacognitive instruction, especially with older students, can be the biographies, journals, letters, and other personal writings of famous experts in the field they are studying. Exposure to the problem-solving strategies of legendary thinkers can be inspirational and informative for students.
After modeling metacognition, the next step is to give students a chance to practice using metacognitive skills with teacher support. Students could do a think-aloud themselves with a partner or in a small group. Listening to how their peers approach complex problems can help all students widen their repertoire of possible strategies. 

Finally, using prompts such as, “What can you do first?” “What else might you try?” and “How well is your strategy working?” reminds students to think about their thinking while they are working.
Questions to Promote Metacognition

Awareness

· How am I approaching this task?

· What am I doing as I work on this project?

· What do I do when I don’t understand what I’m reading?

· When I encounter a problem, what do I do?

· What do I think about while I’m reading?

Planning

· What kind of a task is this?

· What is my goal?

· What information do I need?

· What problems might come up while I’m working and how might I handle them?

· What strategies will help me?

· What resources do I have?

· How long will the task take?

· What are the smaller tasks within the big project?

· What do I have to do in a particular order and what can I do any time?

· What people and events do I have to coordinate with?

· Who can help me?

· What do I want to learn from this project?

Monitoring

· Is what I’m doing working?

· What don’t I understand about the task?

· How could I do this differently?

· Do I have to start over?

· Can I change how I’m working a little to be more effective?

· What can I control about my working environment?

· How can I respond to unexpected challenges?

· What am I learning?

· What can I do to learn more and better?

· Is this the best way to do this?
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Examples of Unit Plans that Incorporate Thinking with Data
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Meet the Bears

Red Light, Green Light

What Happened to Robin

Track the Trends

Thinking with Data

Not long ago, the information people needed for decision making was simple and at hand. Today, as life continues to grow more complex, information is becoming more pervasive and ambiguous than ever. Therefore, success in learning and in life requires an understanding of how to effectively interpret and use data.

As consumers, we use data in our everyday lives—to choose medications or health practices, to decide on a place to live, or to make judgments about education, policy, and practice. As literate citizens of a democratic society, we are called upon to reason and interpret data intelligently. The newspapers and TV news are full of data about nutrition, side effects of popular drugs, and polls for current elections that we need to interpret intelligently. To think with this data, we must judge the reliability of what we read, see, and hear, and make critical and subtle distinctions as we think about the data that is thrown our way (Rubin, 2005).

Importance of Thinking with Data >
Through the Internet and other mass media, 21st century citizens have access to almost unlimited amounts of data on an endless number of topics. Authentic experiences using real data in the classroom prepare students to use data effectively and responsibly in their lives. 
Skills Used in Thinking with Data >
Thinking with data is a specific type of thinking that includes many 21st century skills, particularly problem solving, critical and systems thinking, creativity, and communication. 

Thinking with Data in the Classroom >
Students learn to think with data, first, by working on projects that require the collection, analysis, and interpretation of data. 
Children in primary grades can develop basic skills in collecting and analyzing data. For example, in Meet the Bears, second graders look at bears from all angles to answer the Essential Question, Are we like other animals?

After a car and pedestrian accident occurs near the local school, concerned fifth-grade students, parents, and neighbors collect and interpret data to launch a neighborhood safety project in Red Light, Green Light.

Using actual wildlife injury data from a local wildlife rescue center, middle school students learn what animal species have been injured and the causes of injury in What Happened to Robin?

In Track the Trends, high school students take on the role of statisticians by choosing a subject of interest and collecting statistical information about the subject over time and predict the implications of their findings.
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Importance of Thinking with Data 

Without an understanding of how samples are taken and how data is analyzed and communicated, one cannot effectively participate in most of today’s important political debates about the environment, health care, quality of education, and equity (Konold & Higgins, 2003). The educated and ethical use of data can focus critical conversations on generalizations derived from concrete information, rather than on isolated incidents and personal opinions.

Individuals who are proficient at collecting and interpreting different kinds of data have tools at their disposal to help them make good decisions in all aspects of their personal and political lives. Community organizations, for example, collect data about current and potential members in order to develop projects that most effectively meet the needs of their constituents. In their personal lives, individuals compare prices and features of products and services, investigate medical treatments, and make financial decisions.

Many careers now require an understanding of how to collect and use data effectively. For example: 

· Farmers and agribusiness use crop forecasts and the results of agricultural field trials. 

· Engineers are concerned with data on product performance, quality, and reliability. 

· Manufacturing workers are increasingly asked to record and act on data for process control. 

· People in the health sciences field struggle with data on cost and effectiveness as well as with data from medical research. 

· Business runs on data of every variety: costs, profits, sales projections, market research, and much more (Moore, 1990).

We live in the information age—an age in which we are bombarded every day with data. News reports present national economic and social statistics, opinion polls, medical data, and business and financial data. For students to make sense of all these messages and to use data responsibly to persuade and communicate with others, thinking with data must be an integral part of the classroom experience.
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Skills Used in Thinking with Data

Thinking with data is a specific type of thinking that includes many 21st century skills, particularly problem solving, critical and systems thinking, creativity, and communication. Thinking with data also frequently involves collaboration and self-direction.

Students who think with data engage in multiple complex thinking skills. These students:

· Analyze, interpret, and make sound inferences from data

· Extract implications and conclusions from data

· Create and apply criteria to gauge the strengths, limitations, and value of information and data in productive ways

· Form and communicate conclusions that are based in evidence and statistical literacy

In the context of a fast-paced, knowledge-based society, thinking and reasoning with data requires both divergent and convergent thinking. 

Divergent thinking requires creativity to answer the question, “What if?” In divergent thinking, students establish multiple scenarios and ideas that they can consider when they create statistical questions to pursue, or analyze and make inferences about data. It encourages students to look at data from various viewpoints. 

Convergent thinking enables students to use sound reasoning and common sense to analyze data from multiple perspectives. This type of thinking allows students to select the statistical question with the most potential based on a set of criteria. 

Thinking with data is not a single event. In fact, thinking with data can be thought of as a five-stage process: 

1. Forming a solid statistical question

2. Collecting appropriate and unbiased data

3. Analyzing and interpreting data

4. Evaluating and synthesizing data

5. Forming and communicating conclusions (Friel & Bright, 1998)

Thinking and reasoning intelligently about data moves students beyond the graphing and data-collection skills that they typically experience in classrooms (Konold & Higgins, 2003). Students also need to develop proficiency in communication, collaboration, and reasoning skills.
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Thinking with Data in the Classroom
Data is more than just numbers, and thinking with data is not limited to mathematics. Data can be observational records or interviews as well as statistical information. Thinking with data is an important component of all subject areas. Whether students are conducting historical research on their neighborhood, analyzing the demographic trends of their school, or interpreting a work of literature, students must think systematically about different kinds of evidence and draw conclusions about what they have discovered. They must also communicate their methods and their findings to others. Students can apply data analysis tools in all their classes and in their lives to create models to describe and reason about real-world situations. 

Students learn to think with data, first, by working on projects that require the collection, analysis, and interpretation of data. They need opportunities to practice their skills in a variety of contexts throughout the day. Research is clear, however, that mere exposure to tasks that require this kind of thinking does not on its own have a significant impact on students’ thinking abilities (Beyer, 2000; Swartz, 2000). Those skills must be taught through modeling, guided practice, and training.

When students work on projects that require thinking about and with data, teachers must identify the specific skills students will need to exercise at different stages of the project. These skills, such as identifying patterns, drawing conclusions, and communicating mathematical processes, can be taught through modeling the skills and strategies necessary to complete specific tasks. As students use their new skills to work with data in meaningful projects, teachers assess their proficiency informally, and follow up when necessary with additional instruction and modeling.

In classrooms where thinking with data is a regular part of instruction, students and teachers question their conclusions by asking questions:

· What evidence supports your point of view?

· Where did you find this evidence?

· Do you have all the relevant evidence?

· What methods did you use to reach your conclusions?

· Why did you interpret the facts the way you interpreted them?

When this kind of thinking becomes part of regular classroom processes, students learn to see thinking with data as a tool that can help them make informed decisions.
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Emotions and Thinking

When it comes to teaching students to think, teachers face two big challenges. The first is to provide students with instruction and practice in the right kinds of skills. The second, a much more difficult task, is to persuade and inspire them to use those skills appropriately in school and in their daily lives. 

The attitudes and beliefs that are conductive to good thinking have been described in a variety of ways. Here, we will explore three of these perspectives: Costa and Kallick’s Habits of Mind, Langer’s theory of “mindfulness," and the dispositions developed by Tishman and her colleagues.

Costa and Kallicks’s Habits of Mind >
Arthur Costa and Bena Kallick (2000) have developed a framework for thinking about what motivates people to behave “intelligently when confronted with problems” (p. 80). They have come up with five characteristics of people who use Habits of Mind, as well as sixteen Habits of Mind that are essential to thinking.

Mindfulness >
Ellen Langer (1989) used the term “mindfulness” to describe an approach to life through which people carefully use all the information and skills at their disposal when confronted with problems.  The characteristics of being mindful are the “creation of new categories, openness to new information, and awareness of more than one perspective” (p. 62).

Teaching Beliefs and Attitudes > 

Described as “abiding intellectual traits” (Tishman, 2000, 73), Thinking Dispositions incorporate the inclination to think critically, a sensitivity to events in which thinking is required, and the ability to perform necessary thinking skills and strategies. Although similar to Habits of Mind, Thinking Dispositions are more focused on intellectual attitudes and beliefs. These dispositions can be explicitly taught.
References
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Characteristics of People with Habits of Mind

In spite of the claims of many commercial programs on improving thinking, most experts in the field agree that there are few thinking skills that can be applied generically to all subject areas (Wegerif, 2002). Analyzing a poem is different from analyzing statistical data, and solving a problem about the disposal of toxic waste is very different from figuring out where to put furniture to create a comfortable flow from room to room. Nevertheless, certain attitudes and beliefs do support thinking in all disciplines. Arthur Costa and Bena Kallick (2000a) call these attitudes Habits of Mind, and they transcend all traditional subject areas and apply equally to all ages.

Costa describes five characteristics of people who exhibit the Habits of Mind that make people good thinkers.

Inclination

Inclination means that, in general, people are inclined to want to think carefully about the problems they confront in life. They may, of course, make split-second or off-the-cuff decisions at times, but usually they’re likely to use whatever resources they can to use good thinking strategies.

Value
This characteristic is similar to inclination, but is more related to the emotions of a thinker. Thinkers who value thinking critically believe that such practices as weighing different alternatives, examining the credibility of evidence, listening to opposing viewpoints are worthwhile. They believe that this kind of thinking is important, even ethical, and is worth considerable effort to do. For example, a fifth grader putting together a presentation on immigration takes the time to interview local immigrants because she wants to tell the truth about their experiences. People who value thinking invest their time and money in tools that help them think carefully. They buy informational books and learn how to use software that enhances their thinking. They make time to look up data and to seek out experts. They show their respect for thoughtful problem solving in both the big and small decisions of their daily lives.

Sensitivity
Having a repertoire of thinking strategies and skills, even being very accomplished at using them, is of little value if a person doesn’t notice when a particular type of thinking is appropriate for a specific task. For example, a student working on a research report should realize that categorizing her notes will help her come up with a structure for the paper. Recognizing the right mental tool for the job is important for efficient and effective thinking, and this demands sensitivity.

Capability

Teachers have the most control over the ability of their students to perform appropriate thinking skills. While students may not choose to use the thinking skills they have, no amount of inclination, value, or sensitivity will help someone who doesn’t have the capability to perform the kinds of thinking that problems demand. Students of all ages can develop their abilities to compare and contrast objects and ideas, create categories to organize facts, and use logical arguments to persuade others. This area is the responsibility of the teacher, and although some students can develop the thinking skills they need on their own, many students will not develop these skills without instruction.

Commitment
Thinking is hard work. Sometimes it means sacrificing long-held beliefs and practices. Sometimes it means admitting a mistake and starting over. A commitment to deep and careful thinking means a person is continuously learning new skills and knowledge. For example, proficient middle school students develop their mathematical skills not just for a grade but because they want to be better at math. Commitment means not just wanting to learn, but doing the work necessary to make learning happen. People with a commitment to thinking are willing to do what it takes to achieve their intellectual goals.
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Habits of Mind

Costa and Kallick have identified sixteen Habits of Mind that are important for effective thinking. Individuals who have these habits not only can think deeply, but they choose to do so.  These Habits of Mind are shaped by our intelligence, our personality, and our experiences; and they help us access the mental abilities to solve problems when we need to.

Persistence
Successful thinkers and students do not give up when projects are challenging.  They work their way through problems by trying different strategies or using self-motivation techniques. 

Managing Impulsivity
Good thinkers are deliberate. They think things over before they take action. They make a plan, predict consequences, and anticipate problems. They spend adequate time figuring out a problem before they begin to solve it. 

Listening to Others with Understanding and Empathy
Good thinkers are good listeners. They are interested in what other people have to say, and they listen closely to make sure they understand them correctly. They keep their opinions on hold until they have heard everyone out, recognizing that others may have ideas and information that will help them solve problems and make decisions. 

Thinking Flexibly
Flexible thinkers change their minds when they are exposed to new, accurate, and critical information, even if that information contradicts deep-seated beliefs. They can see the big picture and the significant details. They can synthesize information from a variety of sources at the same time as they evaluate their credibility. They can draw on a number of different strategies and adapt and modify them when necessary to accomplish specific tasks.

Metacognition
Metacognitive thinkers have control over their thinking because they are aware of how they think. They plan how they are going to solve a problem and monitor how well they are doing with their plan. When they finish a project, they look back and think of what they can learn from the experience. 

Striving for Accuracy and Precision
A sense of craftsmanship is critical for good thinking, a respect for quality and accuracy, and a desire to make things as efficient, beautiful, or clear as possible. Good thinkers are aware of the prevailing criteria for quality in the field they’re working in, and they work as hard as they can to produce work that matches the criteria. 

Questioning and Posing Problems
True inquisitiveness is what drives deep thinking, not the kind of superficial curiosity that is answered with a fact or a cliché, but the kind of wondering that draws the thinker into a complex problem. Adept thinkers find problems where others are satisfied with the status quo, and they are aware of the gaps in their knowledge. 

Applying Past Knowledge to New Situations
Effective thinkers use their experiences and the knowledge they already have to help them understand new concepts by noticing similarities and making connections. They say things like, “This reminds me of when I…” or “This model looks a lot like….” They often describe ideas in metaphors and analogies that help them create a framework for unfamiliar ideas. 

Thinking and Communicating with Clarity and Precision 

Costa describes thinking and language as two sides of a coin. Fuzzy language, he warns, reflects fuzzy thinking. It is not enough that students have good ideas; they must be good at communicating those ideas to others, and this requires careful attention to the structure and the language of explanations and descriptions.

Gathering Data through All Senses 

Part of being a flexible thinker is using a variety of methods to get at the truth. Good thinkers use sight, sound, taste, touch, and smell to enhance their ideas and expand their way of thinking about the world around them.

Creating, Imagining, and Innovating 

Creative people see things from different perspectives. They push the limits of what is expected and take risks. Creativity involves more than just coming up with off-the-wall ideas, however; It also involves being critical of ones own work, inviting criticism from others, and working constantly to refine technical expertise and make better products. 
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Habits of Mind

Responding with Wonderment and Awe 

Good thinkers enjoy the mysteries they see around them in the world. They search for problems to solve and take pleasure in making up puzzles on their own. They find something wonderful and awe-inspiring in everyday occurrences as well as in once-in-a-lifetime events. 

Taking Responsible Risks 
People who are adept thinkers have an almost uncontrollable impulse to move outside of their comfort zones. Responsible risk-takers use their experiences and their knowledge to gain a sense of whether a particular course of action is worth the risk. They eagerly take on new responsibilities and enthusiastically learn new games and skills. 

Finding Humor 

Creative thinkers have what Costa calls “a whimsical frame of mind.” They notice the absurd and the ironic in the world around them and often have a unique perspective on everyday situations. They love to play with language and thrive on making original analogies and metaphors. They don’t take themselves too seriously and bring out the fun in work.

Thinking Interdependently 
In the 21st century, problems have become so complex that no one person can solve them alone. As Costa and Kallick (2000a) explain, “No one has access to all the data needed to make critical decisions; no one person can consider as many alternatives as several people can” (p. 11). Working successfully with others requires that students be proficient at giving feedback, both praise and constructive criticism. It also demands that they seek out and accept feedback on their own contributions to the group’s efforts. 

Learning Continuously 

Intrinsic motivation to be a better thinker and a better person is the key to lifelong learning.  People with this Habit of Mind are always undertaking new projects and acquiring new skills. While they may feel certain about their point of view on a topic, they are never so certain that they cannot take in new information and change their minds. They view problems as opportunities to learn and continue to practice all the Habits of Mind throughout their lives.

Teaching the Habits of Mind means teaching beyond the subject matter of the day. It means approaching every learning activity as a step to independent, lifelong learning. While students can often be persuaded to complete activities through punishments and extrinsic rewards, these kinds of motivators diminish authentic motivation in learning tasks and can extinguish the desire to pursue learning outside of the classroom. By modeling the attitudes and beliefs that support critical and creative thinking and by creating a classroom culture that prizes a love of learning, students will not be limited to what they can learn in school. They can make any experience a learning experience.

References
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Mindfulness

Ellen Langer, a psychologist from Harvard University, developed the theory of “mindfulness” based on research on human behaviors. Mindful behavior is alert behavior, but it is much more than that. It is a way of experiencing life fully. Unlike Costa and Tishman and Perkins who attempt to identify a set of specific attitudes that contribute to effective thinking, Langer uses the term “mindfulness,” to describe several behaviors that lead people to intelligent decisions.

Mindful behavior, according to Langer, consists of five different ways of interacting with the world:

· Making new categories and remaking old ones

· Adjusting automatic behavior

· Taking new perspectives

· Emphasizing process over outcome

· Tolerating uncertainty

Rethinking Categories

Mindless thinkers rely on familiar, untested categories. Creating new categories and relabeling old ones are indications of mindful behavior. Rethinking the categories in which we put people and tools gives us more options for creating good work.

Analyzing Automatic Behavior

It is often very difficult to remember the specifics of behaviors that have become automatic. In some cases, the mindless execution of tasks can inhibit growth and improvement. Taking a new look at automatic patterns of behavior in order to modify and refine them can lead to more desired outcomes. Teachers who help students notice automatic patterns that hold them back and keep them from adjusting to new situations can help them learn to be more mindful.

Welcoming New Information

People often form opinions based on first impressions and cling to those opinions even when contradictory evidence becomes available. Langer calls these “premature cognitive commitments” (p. 22). Mindful people use all the tools available to them to improve their understanding. New information can come from a variety of sources, and mindful thinkers do not limit themselves to just one perspective or one way of solving problems. 
In school, mindless thinkers isolate subject areas. It never occurs to them that mathematics can help them understand history or that art can play a role in science. Students who are mindful, however, notice the similarities in apparently very different objects and ideas and create new categories with this information. 

Emphasizing Process over Outcome

Society and school often force people to think of their lives in terms of their accomplishments. A process orientation, “‘How do I do it?’ instead of ‘Can I do it?, directs attention toward defining the steps that are necessary on the way” (p. 34). Taking each stage as it comes also allows for making changes and modifications that bring about better results.

This kind of focus helps students attack big projects in small pieces by thinking of what step to do next rather than thinking of everything at once. Teachers can help students concentrate on process by pointing out that all outcomes are preceded by processes and that some processes are more effective than others. Providing students with tools to plan and implement processes can help convince them of the value of paying attention to how things are accomplished and spending less time thinking of what the project should look like in the end.
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Embracing Uncertainty

Many people rely on predictability. They like knowing that B follows A and that it always will. They like to be able to plan for things that will happen exactly the way they always have. Mindful people, however, know that the world is a confusing place, unpredictable and often chaotic. 

Students who are comfortable with uncertainty and ambiguity have a big advantage when it comes to clear thinking. They are less likely to jump to conclusions just so things will be settled, and they are not seduced by simple answers to complex problems. 

A willingness to embrace uncertainty may stem partly from personality, but it can be nurtured in everyone. Many children are uncomfortable when they don’t receive specific directions, and it is often difficult for teachers to refrain from telling students exactly what to do instead of letting them struggle while making their own decisions. The purpose of allowing students to work through ambiguous problems is to help them become expert problem solvers, so the best way to support them in their learning is to provide them general strategies, such as thinking strategies that they can then apply to the specific problem they are working on and to other similar problems in the future.

Teachers must keep in mind, however, that there is a difference between allowing students to struggle to find their own answers to problems and asking them to guess at an answer without giving them the information they need. If you know exactly what you want students to learn or experience, then asking them to struggle at figuring it out through a lack of directions has the opposite effect of genuine, authentic uncertainty. It makes them suspect that a teacher’s motive for not giving them specific instructions is to trick them into failing. 

The concept of mindfulness can be useful in classrooms. While other frameworks such as Costa’s Habits of Mind and Tishman and Perkins’ Thinking Dispositions break attitudes about thinking down into specific topics that can be more easily taught and assessed, a general term like mindfulness can be an effective way to focus students’ attention on paying attention to how they are responding to tasks. “Remember to be mindful while you’re planning your experiment” or “Don’t forget to be mindful while you’re discussing the project” can be a simple reminder to use those Habits of Mind that contribute to effective thinking.

Reference
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Beliefs and Attitudes in the Classroom

Although few teachers would argue with the premise that there are particular character and personality traits that are more likely to produce good thinking than others, teaching these attitudes is an even bigger challenge than teaching the skills that support them. There are, however, things that teachers can do to help students acquire the attitudes and beliefs that will make them good thinkers. They can
· Model attitudes such as curiosity and open-mindedness often in a variety of contexts and subject areas. 

· Reward the unsolicited demonstration of the attitude. If they notice a student re-thinking a point of view, they point it out as a characteristic of good thinking. When students use humor to keep working on a difficult project, they mention it to the rest of the class. 

· Create a school and classroom culture in which good thinking is valued and the attitudes and beliefs that contribute to good thinking are prized. 

Tishman and Perkins (1992) describe a method for explicit instruction in thinking dispositions:

· Provide examples of the disposition in a variety of contexts.

· Design student-to-student and student-to-teacher interactions that require the development of the disposition.

· Directly teach the disposition, providing appropriate language cues, such as “Am I being open- or closed-minded?” or “Should I take a risk here?”

We know that students are likely to learn what they are assessed on. But how can you assess a belief or attitude? At first thought, this seems like an impossible task, assessing a student’s flexibility of thinking, empathy, or desire to look for good reasons. However, most teachers have no problem with assessing other kinds of attitudes, such as respect for authority or honesty. There is no reason why we can’t add some or all of these attitudes and beliefs for thinking to those that we normally assess, either through observation or some other method.

Students can use portfolios or journals to demonstrate their habits of mind, to show that they are being mindful. Of course, you can’t give students a C- in curiosity, but you can certainly comment on the fact that it isn’t evident. And these kinds of comments reflect the value that you place on those attitudes that are critical for good thinking.
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Teaching Habits of Mind

Almost any project provides an opportunity for teaching Habits of Mind. Emphasizing a different Habit with each project gives students and teachers an understanding of the vocabulary necessary for communicating about the beliefs and attitudes that promote good thinking.

	Habit of Mind
	Instructional Strategies

	Persistence
	· Model how you work through academic challenges, such as reading a difficult book or completing a complex project.

· Emphasize the long-term benefits of an activity rather than the immediate gratification, what they’ll get out of a project rather than how fun it is.

· Teach strategies for coping with challenges, such as thinking of alternative courses of action.

	Managing Impulsivity
	· Provide scaffolding through software, group activities, and checklists to help students analyze problems and plan projects carefully before beginning to work on them.

· Draw connections between quality products and thoughtful processes.

	Listening to Others with Understanding and Empathy
	· Teach active listening strategies.

· Have students reflect on what they have learned from their peers.

· Create an environment where students take pride in group accomplishments.

	Thinking Flexibly
	· Model changing your mind about an issue after learning more information about it.

· Teach strategies for generating multiple solutions and taking multiple perspectives about problems.

	Metacognition
	· Provide scaffolding such as checklists to help students in planning and monitoring their work.

· Ask students to discuss the thinking strategies they are using with their peers.

· Prompt students to think about their thinking processes at various points during work on a project.

	Striving for Accuracy and Precision
	· Provide students with a variety of high-quality models and point out what makes each model excellent.

· Co-develop rubrics for evaluating projects.

· Provide tools to help students evaluate their own work according to established criteria.

	Questioning and Posing Problems
	· Model curiosity about academic topics.

· Provide opportunities and tools to support questioning.

· Highlight and praise exemplary student questioning.

	Applying Past Knowledge to New Situations
	· Explain new concepts in terms of familiar ones.

· Ask students to draw connections between their experiences and what they are learning.

· Use comparative language such as metaphors and analogies to explain new concepts and encourage students to do the same to describe their understanding.

	Thinking and Communicating with Clarity and Precision 
	· Share examples of good writing and speaking in the subject that students are studying, such as good science writing or good statistical explanations.

· Model both giving and using feedback to improve a project.

· Teach students effective strategies for evaluating their own writing and speaking and for responding constructively to the communications of others.

	Gathering Data through All Senses 
	· Provide opportunities for students to think about subjects in non-traditional ways, such as movement in math or music in science.

	Creating, Imagining, and Innovating 
	· Have a variety of materials and equipment available.

· Expose students to a wide range of creative products.

· Set an example by thinking creatively yourself and sharing your products, your processes, and your joy in your accomplishments.

	Responding with Wonderment and Awe 
	· Take students out of the classroom for mini-field trips in the neighborhood and encourage them to notice things that interest them.

· Share those things related to academic subjects that move you.

	Taking Responsible Risks 


	· Minimize the consequences of failure when students take academic risks.

· Create an environment in which trying new things is rewarded even when the results may not be what you wish.

	Finding Humor 
	· Discuss the appropriate use of humor in the classroom.

· Design instructional activities which allow students to use humor to accomplish academic tasks.

· Create an environment that is relaxed and encourages students to play with language and events in humorous ways.

	Thinking Interdependently 
	· Teach specific skills for working with others such as active listening, building on others’ ideas, and drawing out quiet group members.

· Take notes while students are working in small groups and summarize the good and bad things that you noticed in a class discussion.

· Teach students strategies for working through problems whenever possible instead of intervening.

· Highlight the accomplishments of successful groups and point out the strategies they used to work well together.

	Learning Continuously 
	· Share your enthusiasm for beginning new tasks and learning new skills and invite community members into the classroom to tell about their experiences at lifelong learning.

· Honor students’ efforts to go above and beyond learning activities.

· Provide suggestions for activities that enhance what students are learning.
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Improving Students’ Thinking

Schools have always been places where students were supposed to learn to think. In simpler times, computational and reasoning skills were sufficient to ensure success in future schooling and life. The 21st century demands more of its citizens. Today, basic skills are likely to be performed by computers, and today’s students will be called upon to understand and use more and more information in increasingly complex and subtle ways on the job, as well as in their civic and personal lives.

Creating a Thoughtful Classroom Environment >

In thoughtful classrooms, talk about thinking is part of every subject and every lesson. There is no, “Okay, now we’ll do our thinking lesson.” Instead there is, “Now we’re going to think scientifically,” and “Now we’re going to think like authors.” 

Conversations about thinking should happen at every grade level. As early as the primary grades, teachers can use terminology related to thinking. “What ‘point of view’ might the wolf have?” or “What ‘evidence’ do you see that the plants in sunlight are growing faster than those in the dark?” Older students can be expected to elaborate answers, reconcile contradictions, and analyze the point of view of supposedly objective information. 

Explicit Instruction in Thinking Skills and Strategies >
Many conscientious teachers, aware of the importance of teaching students to think, have organized their instruction around complex projects that require students to make decisions and solve problems. Certainly, some students can develop higher-order thinking skills indirectly with this method. Research is clear, however, that mere exposure to tasks that require thinking does not on its own have a significant impact on students’ thinking abilities (Beyer, 2000, Swartz, 2000). Those skills can be taught through modeling, guided practice, and training.

Assessing Thinking >

Creating a thoughtful classroom isn’t easy. It demands creative, thinking teachers who can identify the kinds of thinking skills required in a particular project, assess their students’ proficiency at those skills, and design instruction that moves them forward to higher levels of thinking. It also requires teachers who can use their own thinking as an experimental stage for helping their students by thinking about their own thinking and examining their own assumptions about teaching, learning, and assessment. 

In many classrooms, students’ thinking is assessed solely on the basis of the products of that thinking. In the case of multiple-choice and true-false questions, we assumed that if students came up with the right answer, they were using good thinking strategies, but we know now that this is not always the case. The challenge is, of course, how to assess a process that goes on primarily inside the brain. Fortunately, many thinking processes leave traces behind, traces that not only help a teacher understand how a student is thinking, but also help students grow as thinkers. By looking at the artifacts of students’ thinking, such as discussions, graphic organizers, and notes, teachers can learn a great deal about the thinking processes of their students and use that information to make good decisions about individual and group instruction.
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Creating a Thinking Classroom

Students learn to think in thoughtful classrooms, places where students enthusiastically grapple with important issues by considering multiple perspectives, developing informed opinions, and effectively communicating their opinions to others. Creating this kind of environment is the biggest challenge teachers face, but teaching in such an atmosphere is not only rewarding, but enjoyable for students and teachers alike. 

In order for students to develop their thinking skills, they must feel comfortable taking risks and failing occasionally. Project-based learning, in which students can exercise their thinking muscles on authentic problems, provides an ideal structure for infusing the teaching of thinking into curriculum content.
Language of Thinking
A thoughtful classroom is infused with a “language of thinking” that is used by both teacher and students. This language highlights the process of thoughtful learning and differentiates between thinking that is shallow and superficial and thinking that is deep and meaningful. Vygotsky (1986), the father of constructivism and student-centered learning, reminds us, “Thought is not merely expressed in words; it comes into existence through them” (p. 218). Talking helps people think and it helps students learn to think.
Teacher Questions

One of the most basic kinds of language used in the classroom is teacher questioning. Teachers are often encouraged to ask higher-level questions to improve their students’ abilities, asking more “why” and “how” questions and fewer “what” and “when” questions. There is no evidence, however, that answering these kinds of questions alone has a direct effect on students’ ability to think. 

Wegerif (2002) illustrates this conclusion with the example of a teacher asking “Why did Huck Finn’s father abduct him?” This question could elicit deep thinking and may help some students improve their thinking abilities but, as he explains, if students “are in the habit of guessing or making hasty judgments about what causes things to happen,” they will just continue to practice patterns of shallow thinking. 

Some, so-called deeper questions, ask students for subjective judgments: “What did you think of the poem?” “Should we clone human beings?” Students can usually answer such questions easily, but without having to justify and support their opinions, they are not likely to grow as thinkers (Appelbaum, 2000). In a thinking classroom, the teacher’s response to a “why” or “how” question is “How do you get that?” “What reasons do you have?” “Where do your reasons come from?” “What about this other point of view?” These kinds of questions from a teacher and from students become part of the culture of a thoughtful classroom and ensure that there is more to answering a good question than a flippant, easy response. 

Building classroom learning around good questions is an important part of encouraging thinking in students, but it is not sufficient. The questions must be accompanied by appropriate feedback, assessment, and instruction in how to think about them.
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Language of Thinking

Student Questions

A greatly neglected component of a thinking classroom is student questions. In the traditional classroom, students answer questions; they don’t usually ask them. For years, students have sat in classrooms where the teachers ask the questions to which they already know the answer. Genuine perplexity, which is at the root of all learning, is rarely admitted. 

The culture of a thinking classroom must be built around genuine questions, questions which honestly confuse teachers and students. The switch from answering to asking questions will not happen quickly or painlessly for most students. Risk is involved in caring about something enough to confess lack of knowledge about it. Nevertheless, creating an environment in which students freely question the subject matter, the teacher, and each other is critical for developing thinking. 

J. T. Dillon (1988), education professor, provides some advice for teachers to encourage student questions: 

· Provide a place for student questions in your instruction and wait for them by

· periodically during a unit asking students to write down questions they have about the topic being studied

· basing a lecture, discussion, or exam on students’ questions

· Inviting students to question you or other students during discussions

· teaching students to question texts and other instructional materials

· Welcome questions.

· Sustain the question by

· reinforcing and rewarding perplexity and the spirit of inquiry

· helping students come up with a way to answer the question

· finding out what the question is from the student’s point of view

· examining the grounds of the question

· appreciating the student’s knowledge revealed by the question

· expressing genuine interest in the question

Good thinkers are good questioners, and with many students, this skill does not happen automatically or by accident. In a thoughtful classroom, the encouragement of student questions is very important. 

Reasoning

Weil (2000) speaks about teaching students the “dance of reason.”  To perform this dance, students must use language as a tool to form, analyze, and defend arguments. She describes the various steps to the dance:

· Recognizing and evaluating evidence

· Examining their own and others’ assumptions

· Questioning deeply 

· Understanding the difference between relevant and irrelevant information

· Verifying sources of information

· Withholding judgment until you have enough information

· Evaluating perspectives and interpretations

· Recognizing contradictions 

· Exploring interpretations

In thinking classrooms, words like evidence, point of view, and credibility are sprinkled throughout every subject area and every activity. They are occasionally the focus of instruction, but they are always the focus of learning. 

Metacognition

Metacognitive talk, as Marzano’s (1998) research shows, is one of the most powerful tools for improving student learning. Teachers are often reluctant to use thinking as a subject of conversation. Their apprehension may stem from most teachers’ unfamiliarity with their own thinking processes and the awkwardness that usually accompanies initial attempts in this area. A little practice will help teachers become comfortable doing this and when they see the benefits, it will become a regular part of their instruction. 

Two ways to foster metacognition are through learning logs or discussions. Prompting students to answer questions about their thinking can be very effective in helping them grow as thinkers. At the beginning of a project, students can think about how they are going to set goals and plan their work. During the project, they can ask themselves how their thinking strategies are working and how they might modify or change them to be more effective or efficient. When the project is completed, they can think about what they learned from the way they approached this project that will help them do better on the next one.
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Room Arrangement

Clearly, thinking can happen in almost any kind of physical environment. Abraham Lincoln did it with a candle by the fire, and political prisoners have done it in solitary confinement in a cell. Most people, however, do better with a little support from the physical world around them. 

Most deep thinking requires, at least at some stage, talk. Thinking classrooms need to be full of it, so an environment that makes it easier for students and teachers to talk to each other is likely to encourage deep thinking. Tables or desks arranged in groups facilitate meaningful interaction among students although a clever teacher can find ways for students to get together even in rooms where the desks are nailed to the floor in straight rows. 

The best possible room arrangement is flexible. A teacher needs to be able to separate students and group them as necessary. There should be a place for one-to-one conferences as well as places for students to work in groups and places for students to be by themselves. All of this can happen just as well in a traditional classroom as in a large open space as long as a teacher is committed to providing a physical environment that supports student thinking.

Students also need access to the resources for thinking in order to complete authentic projects. A classroom library, scientific equipment, math manipulatives, maps and globes, animals and plants, give students interesting and meaningful fodder for thinking. Along with information, students also need access to materials for publication and presentation such as, chart paper, markers, cast-off clothing and household items for plays and skits, clay, paints, string, and a variety of other materials which bring out the creative instinct in students and appeal to a variety of learning styles.
Technology

Computers, digital cameras, and other types of technology can play an important role in a classroom that fosters thinking. In project-based learning classrooms, these tools provide a way for students to think about content as well as a way for them to share and explain their thinking. Email, electronic discussions, even a project visible on a computer screen where a group of students can look at it and discuss it together can help to make processes explicit and open for discussion. 

Internet access can be a valuable tool in developing thinking in students by providing a structure for dialogue about thinking processes. In electronic environments, students do not have to compete with others for the right to speak. They can also take their time to compose their thoughts, which is important for students with learning disabilities and for non-mainstream language speakers. 

Software that supports statistical analysis, visual representation of information through graphic organizers and multimedia presentations, along with traditional word processors, are essential in the 21st-century classroom. Like any teaching method, however, access to computers does not guarantee deep thinking any more than access to great literature guarantees sophisticated literary analysis. This is especially true of computer games where, doubtless, students can be exercising higher-order thinking. Without explicit instruction in how to transfer those skills to other contexts, there is not likely to be much learning from technology for most students.
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Teaching Specific Skills

Project-based learning offers rich opportunities for providing instruction in specific thinking skills and strategies while emphasizing subject area learning in authentic contexts. By teaching 10-15 minute mini-lessons on skills while students are working on projects, teachers can organize instruction so students can immediately apply what they have learned in meaningful contexts. Effective explicit instruction generally consists of six components.

1. Selection of an appropriate skill or strategy for instruction

2. Labeling and categorizing of the skill

3. Modeling of the skill through a think-aloud

4. Guided practice of the skill with a partner or small group

5. Explanation of how and when to use the skill or strategy

6. Ongoing coaching on how to use the skill effectively 

Select a Skill to Teach

Complex projects require many different kinds of thinking, and a teacher must be judicious in selecting those to target during explicit instruction. Barry Beyer in his book Practical Strategies for the Teaching of Thinking suggests asking the following questions when choosing skills to target for instruction:

· Will the students have reason to use the skill in their everyday lives outside of the classroom?

· Will the skill have frequent, practical use in learning many subject areas?

· Will the skill build on skills students have already learned and/or lead to more complex skills they will need in the future?

· Can the skill be easily integrated into subject-matter instruction?

· Are the students ready to learn the skill with explicit instruction and appropriate effort.

Teaching Specific Skills
Project-based learning offers rich opportunities for providing instruction in specific thinking skills and strategies while emphasizing subject area learning in authentic contexts. By teaching 10-15 minute mini-lessons on skills while students are working on projects, teachers can organize instruction so students can immediately apply what they have learned in meaningful contexts. Effective explicit instruction generally consists of six components.

1. Selection of an appropriate skill or strategy for instruction 

2. Labeling and categorizing of the skill 

3. Modeling of the skill through a think-aloud 

4. Guided practice of the skill with a partner or small group 

5. Explanation of how and when to use the skill or strategy 

6. Ongoing coaching on how to use the skill effectively 

Select a Skill to Teach
Complex projects require many different kinds of thinking, and a teacher must be judicious in selecting those to target during explicit instruction. Barry Beyer in his book Practical Strategies for the Teaching of Thinking suggests asking the following questions when choosing skills to target for instruction. 

· Will the students have reason to use the skill in their everyday lives outside of the classroom? 

· Will the skill have frequent, practical use in learning many subject areas? 

· Will the skill build on skills students have already learned and/or lead to more complex skills they will need in the future? 

· Can the skill be easily integrated into subject-matter instruction? 

· Are the students ready to learn the skill with explicit instruction and appropriate effort?

When selecting a skill, a good place to start is with the higher levels of the revised Bloom’s Taxonomy or the comprehension and analysis portions of Marzano’s New Taxonomy. Within the skills, select sub-skills that are as narrow and specific as possible. Instructions to “think more deeply” or “use higher-order thinking” are about as much use to students as the admonition to “try harder” is to an athletic team. Without directions on what to do exactly, many students, especially those who struggle, will have difficulty learning new skills. 

For example, instead of teaching a lesson on a skill like “analysis,” teach students how to make inferences about point of view in a first-person account of a historical event. In a later lesson, students could learn to make inferences about assumptions behind a government press release. By repeating lessons on inferences with different kinds of information and different sub-skills, students can build an understanding of how to apply a thinking skill in different situations. 

Students in primary grades are capable of learning a great number of skills, some of which are precursors to more advanced thinking in later grades. Some skills that are appropriate for young children to learn are:
· Determining differences and similarities/comparing and contrasting

· Categorizing

· Deciding if something is good evidence

· Differentiating between fact and opinion, science and fantasy

· Understanding different points of view

· Giving reasons for opinions

· Goal-setting

· Checking work

· Making simple inferences about stories and concepts

· Differentiating between important and trivial information
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What Skills to Teach

By the time students reach upper elementary grades and middle school, they are ready to begin to develop formal reasoning skills. Mini-lessons on the following skills would be appropriate for that age of student. 

· Creating categories based on specific events or items

· Drawing conclusions based on available information

· Identifying some types of fallacies in informal reasoning 
· Understanding the difference between claims and facts

· Evaluating the credibility of evidence

· Judging the quality of a piece of work by a rubric

High school students can be capable of quite sophisticated thought processes and can be taught the following skills.

· Constructing valid arguments

· Identifying errors in opinions

· Developing principles based on concrete information and situations

· Drawing logical conclusions based on interpretation of information

· Generating criteria for evaluating a project or idea

· Creating alternative scenarios

Of course, the kinds of thinking that students are capable of depend on more than their grade level. Some teachers can devise ways to help primary students think logically, and when properly motivated by an engaging project, students can achieve far more than many adults can imagine. The point is to look at the work students are being asked to do and identify some important skills that will help them do it, then to think about the abilities of the students in order to select those skills to target in explicit instruction. 

Identifying specific skills to teach can be a challenge. Teachers can get some help from the literature on teaching reading. Skills such as making connections, asking questions, and making inferences are used in reading, but they are also used in thinking about anything else. There is a great deal of practical information about teaching reading skills and strategies in the content areas that can be applied to learning in general.

Examples of Teachable Skills

Elementary students in the Unit Plan, African Adventure Safari, help safari guests learn about diversity, interdependence, and the wonder of life in the African wild. At appropriate places during the unit, the teacher could teach the following skills: 

· Brainstorming

· Setting learning goals

· Searching for information on the Internet

· Using a storyboard for planning

In Enduring Heroes, middle school students discover heroes of the past and present. As they read about heroes in Greek mythology, they consider a contemporary hero and write a myth about that hero.  Some skills that would be appropriate to teach during this unit would be: 

· Summarizing by identifying important information and deleting trivial information

· Using induction to develop abstractions based on concrete details

· Evaluating their own work based on established criteria

High school algebra students use socially relevant data to plot historic trends and project them into the future in Track the Trends: Predict the Future. Some thinking skills that could be taught during this unit are:
· Searching for information on the Internet
· Judging whether data are reliable
· Interpreting graphs

· Thinking for alternative solutions to problems
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Label and Describe How to Perform the Skill
Giving a skill an appropriate label is an important part of thinking skills instruction. A name allows the teacher to discuss the skill in other contexts and gives the students and teacher a common language about thinking. Depending on the age of students, consider creating catchy names for skills that will be used often, such as Mr. Spocking for logical thinking, or Prove It for evaluating evidence.  

After giving the skill a name, suggest a series of steps to go through to perform it, keeping in mind that you are explaining to students how to do something that can apply in a variety of contexts. Keep the suggestions general and, whenever possible, include variations that students can apply to suit their particular learning and thinking styles.

For example, give students the following questions to ask about a Web site: 

· Who is the author? Is the site supported by an organization with a reputation for credibility? Is it a personal Web page? 

· Are the sources cited and can you check them yourself? 

· What is the date of the site? When was it last updated?

The steps to performing a skill can come from many places, most often from the minds of teachers who are aware of their own thinking processes. Asking yourself questions like, “What do I do when I have to put items in different categories?” or “How do I know that this article is biased?” can help you determine some steps that will help your students. As you think more about your own thinking, especially in different subject areas, you will become more and more proficient at identifying your thinking processes and better at sharing those processes with your students. 

Model the Skill
The most critical part of explicit instruction is modeling the use of the thinking skill. This is most effectively accomplished through a think-aloud, a method through which a person articulates their thoughts as they think about an issue or a problem. This is one way in which students can see how an expert thinks about the subject. 

When performing a think-aloud, keep the following tips in mind: 

· Decide ahead of time what thinking skill you are modeling and limit your comments to just those that support that skill. 

· Explain what you are going to do before you do it and make sure students understand the purpose of the think-aloud. 

· If you’re performing the think-aloud while reading a text of some kind, practice ways of helping students understand the difference between when you are reading and when you are thinking. You can turn your head in a different direction. Some teachers look out into space or put their fingers on their chins to show that they are thinking, not reading. 

· Don’t get distracted by expanding your comments to lecture on the topic. It’s easy to “explain” about the topic instead of thinking about it. 

Doing think-alouds can feel awkward and uncomfortable at first, but with practice it becomes much easier. Teachers are often surprised at the positive response they get from students when they try this method. Asking students to do think-alouds is also an excellent way to help them become more metacognitive, to identify the thinking strategies they use, and to become aware of those of others.
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Think-aloud Examples

Elementary Example
I’m going to compare myself to an African animal. Let’s see, what are some things I can compare? I could compare our sizes, our homes, what we like to eat, and what we look like. I could also compare the things we’re good at. I’m kind of like a gorilla because I walk on two feet and so do gorillas. I also have black hair like a gorilla. I’m fast like a cheetah and have very strong legs. Cheetahs are also good at sneaking around and attacking things. I’m pretty good at sneaking up on my mom, but I don’t attack her. 

Secondary Example
I’m going to try to figure out what the symbols are in the book Lord of the Flies. I know that some things in a book represent big ideas and some don’t. They just are what they are. One way I can tell if something is a symbol is if it shows up over and over again in the book. Well, the conch shows up over and over again, and so does the fire. Another way to tell is if something plays an important role in the story, like Piggy’s glasses. I don’t think the plane is a symbol because they don’t talk about it much.
Provide Guided Practice

After you have modeled the skill, give students some practice using the skill in a structured context. Provide them with a list of suggested steps to follow with a partner or walk them through it as a whole group. It is very important to pay attention to how the students are performing the skill and give them encouragement and suggestions as they try it on their own. They may need close supervision and lots of scaffolds for support, especially with unfamiliar skills. 

For example, if the explicit instruction is on how to evaluate a Web site, you could give them a list of pre-selected Web sites to evaluate with a partner using a set of questions. If students were studying comparisons, you could give them two things to compare using the strategy you have explained. After a lesson on determining symbols, you could give them a short poem, video excerpt, or comic strip and ask them to apply the process of finding symbols to that text. This practice should be structured and should call out those aspects of the skill that you want to emphasize.

Discuss Strategy Use
While it is true that students can learn a strategy if it is taught to them. There is no guarantee that they will use it spontaneously with appropriate tasks. In fact, research overwhelmingly suggests that students rarely use what they have learned in new situations, even situations that are very similar to the ones in which the skill was learned. In order for students to have the information they need to become proficient at using a new strategy, they need to think about it metacognitively.

The most efficient and independent learners are aware of how they think. By practicing metacognition students can learn to control their thinking and make decisions about how to approach complex projects most effectively. 
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Discuss How and When to Use a Strategy

Possibly the most important part of explicit instruction is a discussion about how to use the strategy. Teachers need to explain when to use the strategy. They can also solicit from students how they might use it and what changes they might make.

For example, after a lesson about comparing and contrasting, a teacher might conduct a discussion like the following:

Teacher:
When might you want to compare two things? In math, we compare numbers. How would we do that?

Student

We say that one number is bigger or smaller than another. 

Teacher:
Is there another way to compare things in math?

Student:
We also compare shapes by saying some are round or rectangles or some have more sides than others. 

Teacher:
When might we use comparing in social studies?

Student:
We compare different countries, how the people or the products they make are alike.

Teacher:
Good example. What are some tools we might use to compare things?

Student:
We could make two lists.

Teacher:
Good. What kinds of diagrams could we make?

Student:
We could make a chart with two columns.

Student:
Or what about that kind of diagram with two circles.

Student:
A Venn diagram.

Teacher:
Good. Are there any times that you compare things while you’re reading?

Student:
When I read a story, I like to compare the characters to my family and friends.


Student:
Sometimes I think about movies I’ve seen when I’m reading a book.

Teacher:
So comparing things can help us do a lot of things.

Presenting ways to use a strategy is important, but so is eliciting ideas from students. This is all part of developing a “language of thinking” in the classroom, where students can discuss how they think as well as what they think about.

Coach Students in the Use of the Strategy

The biggest problems with improving students’ thinking are getting them to transfer the skills they have learned in one context to another and to use them independently and flexibly when they are useful. The most effective way to accomplish this is by consistent and ongoing coaching in the art of thinking. 

When teachers coach students in thinking skills, they assess their proficiency in a variety of ways such as reflections, think-alouds, checklists, and formal and informal conferences. They provide frequent specific feedback on thinking processes. They praise instances of good thinking, describing them in terminology that students understand. They remind students of thinking strategies they have learned in the past and encourage them to modify the strategies to suit different tasks.

Teachers as Thinkers

The biggest challenge to improving students’ thinking lies within the thinking awareness of the teacher. Teachers are good at thinking, especially in their areas of expertise, but they are often unaware of the skills and strategies they use when they think about academic problems. 

The first step for teachers who want to emphasize thinking with their students is to practice metacognition with their own thinking. By asking themselves questions about how they think, they can become adept at identifying the thinking skills necessary for completing particular kinds of tasks which will help them design explicit instruction in those skills.

To become more aware of your own thinking, record a think-aloud of yourself doing a complex task. The task must be challenging enough so that your thinking processes are not automatic. This means that generally, tasks designed for your students will be too easy to help you realize how you are thinking. Once you have identified some thinking skills that you use, you can apply them to work that you are asking students to do.

Becoming better thinkers benefits everyone, students, teachers, and the communities they live in. Explicit instruction in both the “how-to” and the “when-to” of using different thinking skills and strategies is a teacher’s most important tool in helping students grow into the kinds of thinkers that will make their world a better place.

Reference

Beyer, B. K. (1987). Practical strategies for the teaching of thinking. Boston: Allyn & Bacon.
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Assessment Methods
So, you have carefully planned projects that require students to exercise a range of thinking skills. You have identified specific skills to emphasize and have conducted explicit instruction on those skills. The big question is then, how do you and your students know if they have achieved the goal of improving their thinking?

The Web site, The Thinking Classroom*,  recommends several strategies for effective assessment of students’ thinking:

· Explain to students what kinds of thinking you expect from them.

· Frequently discuss and give examples of what good thinking looks like in different projects and subject areas.

· Ask students to contribute to the criteria and standards you will use in assessing their thinking.

· Give students input into the kind of assessment that would be most appropriate for different projects and units of study.

· Give students instruction and practice with assessing themselves with the tools you will use.

· Assess thinking processes as well as products of thinking.

· Give students a lot of feedback on their thinking and provide them with opportunities to give feedback to each other. 

Assessing Products of Thinking

The most obvious way to assess students’ thinking is through analyzing the products they create. Certainly the whole purpose of teaching thinking is to help students produce high-quality work. The most common product of thinking in schools, traditionally, was writing, such as an essay or research report. In project-based learning, however, students can show what they’ve learned in a variety of ways, many of which incorporate technology. Assessing the thinking of students through these products is a complex task. In most cases, rubrics are more useful for assessing higher-order thinking in projects than other traditional assessment methods. 

An effective rubric not only evaluates the quality of a product, it also serves as a guide for doing high-quality work on the product. For this reason, the more specific the language of a rubric, the more direction the student has for successfully completing a project. 

Examples of Rubrics that Address Thinking Skills

In a project about saving the Earth, fourth and fifth graders create a brochure to show their families what they can do at home to protect the environment. The following section of the rubric used to assess the brochure clearly attempts to make thinking a priority, but the language is so vague that it is of little use to the students or the teacher. 

	Content
	4
	3
	2
	1

	Information about the environment
	Shows an in-depth understanding of the environment
	Shows good understanding of the environment
	Shows some understanding of the environment
	Shows little or no understanding of the environment


For example, the term “in-depth understanding” could mean almost anything to anyone. Students and parents could likely think the work shows this kind of understanding no matter what it looked like. When teachers develop rubrics before beginning a project, it helps them identify the specific skills and strategies to teach during the unit. 

Since “in-depth understanding” is always a goal of content learning, it’s worth the time to think about what that phrase really means and to figure out how it can be described usefully in a rubric. 

· How is an in-depth understanding different from just a good understanding? What would that kind of understanding look like? 

· What kinds of thinking skills will lead a student to in-depth understanding? How would those thinking skills be performed?

Showing in-depth understanding could include: 

· Addressing multiple points of view on the subject 

· Showing how different aspects of the subject interact with each other 

· Interpreting facts from an ethical perspective 

· Using accurate and thorough information 

· Considering less well-known, but important, information as well as accepted facts
Page 1 of 3 l Next >
< Return to Teaching Thinking 
[PRORAMMING INSTRUCTIONS]
	Text link
	Link to Page

	The Thinking Classroom
	http://learnweb.harvard.edu/alps/thinking/index.cfm*

	Next
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/TeachingThinking/Assessing_Thinking2.htm

	Return to Teaching Thinking
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/TeachingThinking/


	Type of Page 
	CT2.4.L3b Leaf page series 2 of 3

	Headline Title
	Assessing Thinking

	URL
	http://educate.intel.com/en/ProjectDesign/ThinkingSkills/TeachingThinking/Assessing_Thinking2.htm


< Back l Page 2 of 3 l Next > 

Building Rubrics That Assess Thinking

Even a partial list, like the one below, can give you a place to start in building a rubric that will give students direction on how to develop and demonstrate a thorough understanding of a subject. The next step, of course, is to fit these expectations to your students.

	Grades 1-3
	· Describes different points of view about the environment

· States an opinion about what to do about the environment

· Supports the opinion with facts from credible sources

· Explains how the actions of humans affect the earth and all other living things 

	Grades 4-5
	· Describes important issues about the environment and how different people see those issues differently

· States an opinion about what to do about the environment that considers more than one point of view

· Supports the opinion with facts from credible sources on different sides of the issue

· Describes how the earth, people, animals, and plants interact with each other

	Grades 6-8
	· States an opinion about the environment that addresses the concerns of different points of view

· Supports the opinion with credible information from several sources

· Describes the complex ways in which people, animals, and plants interact with the earth and what role individuals and families should play in these interactions

	Grades 9-12
	· States an opinion about the environment that addresses the concerns of different points of view and is ethically consistent

· Supports opinion with credible information from sources with different perspectives, including scientific, political, and economic perspectives

· Draws conclusions about the impact of a variety of proposed actions on humans, animals, plants, and the earth


Specifying the kinds of thinking that a project requires not only helps students know what they need to do to meet the requirements, but also helps teachers identify skills that they need to teach.

Marzano and his colleagues (1993) describe in detail levels of performance related to different thinking skills described in the Dimensions of Learning model. These descriptions can help teachers begin to think about how to describe thinking in products.

Examples of Marzano’s Generic Rubric
Reasoning Strategy: Analyzing Perspectives. Identifies an issue on which there is disagreement
	Level of Performance
	Description of performance

	4
	Identifies and articulates implicit points of disagreement that are not obvious but are the underlying cause of conflict



	3
	Identifies and articulates explicit points of disagreement that cause conflict



	2
	Identifies and articulates issues that that are not points of disagreement as important issues of disagreement



	1
	Ignores explicit and implicit points of disagreement  (Marzano, 200, p. 75)


Reasoning Strategy: Decision Making. Makes a selection that adequately meets the decision criteria and answers the initial decision question
	Level of Performance
	Description of performance

	4
	Selects an alternative that meets or exceeds the criteria and that represents a well-supported answer to the initial decision question. Provides a useful discussion of issues and insights that arose during the selection process

	3
	Successfully answers the decision question by selecting an alternative that meets or exceeds established criteria



	2
	Selects an alternative that does not entirely conform to the student’s assessment of the alternatives



	1
	Makes a selection that does not appear reasonable or cannot be justified by the student’s evaluation of the alternatives (p. 77)
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Assessing Thinking Processes
Current thinking on assessment suggests that students should be assessed in multiple ways throughout a project, not just with an evaluation at the end. It makes sense that if students receive ongoing feedback while working on a project, they are more likely to produce higher-quality work. 

Assessing thinking in action is tricky since it mostly happens inside a student’s head. In order to get an idea of how students are thinking, teachers must design situations in which students’ thinking processes are made visible. There are several ways to tell if students are learning the thinking skills they are being taught.

· Observe students over time and make a judgment about how well they are using the skills.

· Ask students to tell you how they accomplished a task either orally or in writing through learning logs, journals, or reflections.

· Listen to students as they perform think-alouds, describing their thinking processes as they work, by themselves or with peers.

· Examine the artifacts that students leave behind while they are working on a project, such as graphic organizers, outlines, plans, and notes.

Portfolios can be an excellent way for teachers and students to assess growth in thinking, especially if they are kept over long periods of time. Electronic portfolios make it easier to keep track of different projects and to pass information to teachers and parents. Keeping process portfolios is a good way to get students into the practice of thinking about what they’re learning and what skills they’re using. The better they get at articulating their thinking processes, the more control they have over them, and can use past experiences to make better decisions in the future. 

The key to assessing thinking processes is to determine in advance what kinds of behaviors you want to see to indicate that students are using the skills in the ways you hope they will. If they are learning to match objects or ideas, they should notice obvious similarities and differences, as well as those that must be inferred. Once you specify the ways in which the skill will be demonstrated, you can look for them in behaviors and artifacts. The generic rubrics in Assessing Student Outcomes (1993, pp. 67-89) are good descriptors of observable strategies and skills. 

We know that students learn what they think they are going to be assessed on (Marzano, Pickering & McTighe, 1993). All of our efforts at teaching students to think critically will come to nothing if they are assessed in conventional, easy-to-score formats with items such as multiple-choice, true/false, and matching questions. While these kinds of assessments can, no doubt, require high levels of thinking, they are so unlike authentic tasks that they show us little about how students think in real-life situations. Designing assessments that reflect real learning is a crucial component of teaching thinking.
References
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Teaching Thinking to Elementary Students

In Meet the Bears, primary students look at bears from all angles and apply math and measurement skills to compare themselves with their furry friends. Students show what they have learned about bears by completing research on a particular bear species and then summarizing the information in a brochure to be distributed at the local zoo. 

Thinking Skills Mini-Lesson: Fiction or Non-Fiction

At the beginning of this unit, students are asked to look at a mixed set of books about bears and determine if they are fiction or non-fiction.

“We have a big pile of books here about bears. There are two different kinds of books. Some are fiction and some are non-fiction. Fiction books are imaginary and not true. Non-fiction books are scientific and are true. I’m going to look through some books and tell you what I’m thinking about while I decide if they are fiction or non-fiction.

“Well, in this book, the bears are living in a house and wearing clothes. That means it’s imaginary because bears don’t live in houses or wear clothes. That’s what people do, not bears. In this other book, a bear is catching a fish. There are also pictures of different bears with their names underneath like brown bear or polar bear. That looks like a scientific book so it’s non-fiction. In this book, it says ‘Bobby the bear was walking down the road whistling a little tune.’ I know that’s fiction because bears don’t whistle.

“I’ve put a pile of books on each of your tables. I want you to look at the books with your group and make two piles, one with the fiction books and one with the non-fiction books. For each pile make a list of why you put the books in that pile.”

The teacher works with students as they sort the books then follows the activity with a discussion.

“Now that you have two piles, did you have any disagreements about whether a book was fiction or non-fiction?”

“There was one book where the bear was acting like a bear by growing and living in the woods, but the story was made up. Is that fiction or non-fiction?”

“That’s a good question. A book doesn’t have to have animals acting like humans to be fiction. A made-up story can have bears that act like real bears in it. Let’s look at a fiction book with realistic bears and a non-fiction book. I’ll tell you what I’m thinking while I look at the books.

“This book has writing in paragraphs and sentences. It also has conversation. Both of the books have pictures, but the pictures in this one have labels. I think the first book is a story with characters and a plot so it’s fiction. The other book tells information about bears like how big they are and what they eat so it’s non-fiction.

“Sometimes you can tell just by looking at a picture if a book is fiction or non-fiction, can’t you. But sometimes you have to look more carefully. When you’re writing a report that is non-fiction, you should get your information from non-fiction books because that is more reliable.”
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Thinking Skills Mini-Lesson: Do I Understand?

Thinking Skills Mini-Lesson: Do I Understand?
The point of all reading is comprehension. This is an important part of learning to read, especially when children are going to use the information from their reading to complete a project. Some readers become so preoccupied with saying letters and words that they forget to pay attention to the sense of what they’re reading. The following mini-lesson on checking for understanding should be given many times during the year with different kinds of texts. 

“Today, you’re going to be reading some non-fiction books to learn about bears. Understanding what you read is the most important part of reading. I am going to show you what I think about while I’m reading to make sure I understand.”  

'The black bear is approximately 5 feet long. Females typically weight about 90 pounds, while males weigh about 290 pounds. However, some can weigh up to 700 pounds.’ 

“Now I’m going to ask myself some questions about what I just read to see if I understood. ‘What was this about?’ It was about the size of bears. 'Was there any part I didn’t understand?’ No."

“Now I’ll read the next part. ‘Cubs usually weigh about 1 pound at birth. They have small eyes, rounded ears, a long snout, a large body, and a short tail. The shaggy hair varies in color from white through chocolate brown, cinnamon brown, and blonde to black, but most black bears are indeed black or a darker shade of brown."

“I’ll ask myself ‘What was the section about?’ It was about what color they are. ‘Was there any part I didn’t understand?’ What a snout is. 'If it is important to know that word, what could I do?’ I could ask someone or look it up in the dictionary."

“While you’re reading it’s very important to ask yourself if you understand and what you can do if you don’t understand. Now I want you to read a page from your book with a partner and take turns asking yourself those questions at the end of the page.” 

While students are practicing the strategy, the teacher coaches them as needed. Afterwards they share their experience and determine whether or not the strategy was effective. 

Teacher: “Did anyone think of something different to do if they didn’t understand what they were reading?”

Student: “I just read it over again.”

Teacher: “That’s a good strategy. Sometimes I like to put a little mark on a place I don’t understand so I can go back and ask someone about it later. Sometimes I don’t care if I understand a part because I don’t think it’s important, so I just keep reading, but I have to be really sure that it’s not important.”
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Teaching Thinking to Secondary Students
In the unit, What’s in Your Genes?, that uses the Showing Evidence Tool, high school students use their knowledge of biotechnology applications to influence legislation for or against its usage. At various points in the unit, there are opportunities for explicit instruction in the thinking skills students will need to complete the project.

In the opening activity, students discuss an Essential Question, Just because we can, should we? that raises ethical questions about medical science breakthroughs. Doing this requires the ability predict the possible consequences of a medical treatment and to determine the ethical dimensions of those consequences. 

Thinking Skills Mini-Lesson: Predicting Consequences

Introduction

“An important skill is predicting the consequences of a particular scientific practice and thinking about the ethical implications of those consequences. You’re going to have to do this for your projects, so we’re going to start with suggestions about some ways to do this. Let’s talk about the idea of cloning pets. People who have beloved pets can now pay a lot of money to have their cat or dog cloned. To think about the ethical implications of cloning pets, we can follow these thinking processes:”
	1. Why would this be a good thing?
	People can get very attached to their pets and are often devastated when they die. It would spare the people the heartbreak of losing a beloved pet and make them happy by letting them have the same pet virtually as long as the person lives and can afford to have it cloned.

	2. What doesn’t science know about this practice yet?
	We don’t know how long, in general, the pets will live?

We don’t know what kinds of health problems cloned animals would have.

	3. What if the practice

· was only affordable by the very rich?

· was easy and cheap and everyone could do it?

· was not regulated by the government or some other group?
	People could just clone the animals they liked and then nobody would adopt kittens and puppies.

People could let their pets die (or even kill them) when it was convenient because they could have a duplicate made whenever they wanted.

	4. What are some things that people might not know about the topic?
	A cloned animal would not be exactly the same as the original one. It just has the same genes.

	5. Is there a slippery slope with the technology?
	Cloning animals could be a step to cloning humans which most people believe is a really bad idea.

	6. Does it violate any fundamental ethical beliefs?
	Some people think it’s wrong to artificially create life.


“Can anyone think of any other questions we could ask about a scientific breakthrough that would help us consider the ethical dimensions of a scientific breakthrough?

“Now, I’d like you to work through these 5 steps with a partner on the subject of organ transplants.”

The teacher coaches students as they work with the questions for 5-10 minutes. After they complete the activity, they have a discussion.

The teacher asks students the following:
“Did you need to change any of the questions in order to make more sense of the organ transplant topic? What kinds of topics might require different kinds of questions? Would these same questions work with issues that were national rather than personal, like adding chemicals to water? How might you change the questions with different kinds of topics?”

Finish the lesson by asking students to choose a topic for their project and use the questions to think about the ethical dimensions of the scientific breakthrough they select.
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Teaching Thinking to Secondary Students

Thinking Skills Mini-Lesson: Determining the Credibility of an Internet Source

“Everyone knows that all kinds of information can be found on the Internet. Some sites may look authentic yet contain bad information, while others, may be less flashy but prove to be a valuable resource. Here are some steps you can follow to help determine how credible a Web site is. I’m going to model following these steps with the Web site, www.clonaid.com/news.php*.

	1. Read the URL carefully. Look for edu, gov, org, or com.
	This URL has a “com” in it so that means it is a business. That means it’s probably biased because they’re going to try to sell me something.

	2. Look for links such as, About Us, History, or Mission, that tell you about the organization behind the Web site. 
	The History button says that this company is headed by a person with Ph.D.s in physical and biomolecular chemistry, but it doesn’t say where she got her degree. She was a marketing director for a chemical company. That makes me wonder if this is more about marketing than science. The page also says that they moved from the Bahamas to where cloning is legal, but it doesn’t say where they are now. That sounds pretty suspicious.

	3. Look for the last update.
	The only thing I can find that’s anything like a date is a letter to UN representatives of the 59th General Assembly which is 2004-2005, I think. I don’t see any dates on any other information.

	4. Look for links and documentation of information.
	There is a lot of information that sounds scientific, but I don’t see any place that tells where this information comes from.


“Now I’d like you to look at one of the following two Web sites and discuss them with a partner using the four steps.”
www.humancloning.org/*
www.ornl.gov/sci/techresources/Human_Genome/elsi/cloning.shtml*
The teacher coaches students as they look at the Web sites and evaluate them. After a few minutes, they discuss how the process worked for them.

The teacher asks:
“How did the steps work for you? Did you come to a conclusion about the site from thinking about those topics? Did you change the steps at all to make them work better for your site? When might you use this strategy?”
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Assessing Thinking: Grades 3-5

In The Great Bean Race Unit Plan, young botanists investigate plant growth as they compete in a lima bean stalk growing competition with students from other geographic locations. 

Assessing Process

As students conduct a series of experiments about plans, they write in their journals drawing conclusions about what they observe. The teacher uses the following checklist to assess their scientific thinking.

	(
	1. Observations are recorded in clear, scientific language.

	(
	2. The hypothesis is stated in a good sentence that includes a conclusion about what was observed and the reason it occurred.

	(
	3. Hypothesis is testable.

	(
	4. The hypothesis is supported logically by the observations.


Assessing Product

The following rubric describes levels of thinking about the science that students are learning.
Science Content Rubric

	Content
	4
	3
	2
	1

	Journal responses, participation in activities, and discussion show the student’s ability to: 

· Understand the features and processes of plant growth

· Theorize, plan, and carry out experiments, and analyze and report conclusions of those experiments

· Explain how asking and answering questions are part of the process of a scientific investigation 

· Compare prior knowledge to the results of a scientific investigation

· Organize evidence of  change over time

· Develop models (illustrations and charts) to explain how objects, events, and/or processes work 
	The student shows a full understanding of the features and processes of plant growth. 

· The student can fully theorize, plan, and carry out experiments, and analyze and report conclusions of those experiments.

· The student explains fully how asking and answering questions promote scientific understanding. 

· The student compares prior knowledge to the results of a scientific investigation with clear distinctions between the two.

· The student carefully and accurately measures and records change over time. 

· The student develops exceptional models (illustrations and charts) to explain how objects, events, and/or processes work
	· The student shows understanding of the features and processes of plant growth. 

· The student is developing the ability to theorize, plan, and carry out experiments, and analyze and report conclusions of those experiments.

· The student explains one way of asking and answering questions to promote scientific understanding. 

· The student compares prior knowledge to the results of a scientific investigation with some distinction between the two.

· The student carefully measures and records change over time. 

· The student develops models (illustrations and charts) that explain how objects, events, and/or processes work. 
	· The student shows some understanding of the features and processes of plant growth.

· The student is lacking in the ability to theorize, plan, and carry out experiments, and analyze and report conclusions of those experiments.

· The student has difficulty explaining one way of asking and answering questions to promote scientific

understanding. 

· The student compares some prior knowledge to the results of a scientific investigation with little distinction between the two.

· The student measures and records change over time with some errors. 

· The student develops models (illustrations and charts) with assistance that explain how objects, events, and/or processes work.
	· The student shows minimal understanding of the features and processes of plant growth.

· The student is unable to plan and carry out experiments independently.

· The student has difficulty reporting conclusions.

· The student is unable to explain how to answer questions to promote scientific understanding.

· The student measures and records change over time with many errors, which makes the information difficult to understand.

· The student does not develop models or does not explain how objects, events, and/or processes work.




Self-Assessment

At the end of the unit, the students will write a reflection in which they answer these questions:

1. During this unit, when did you think most like a scientist? 
2. What evidence shows that you were thinking like a scientist then?

3. What was the easiest kind of thinking for you during this unit?

4. What was the hardest kind of thinking?

5. What are you going to work harder on during the next science unit? 
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Assessing Thinking: Grades 6-8

In Literature e-Circles, students in different middle schools read the novel Holes by Louis Sacher, and meet in virtual literature circles (or “e-circles”) to discuss their interpretations of the novel. Comprehension questions and a modified Socratic discussion method promote deep thinking about characterization, plot, style, author intent and personal interpretation. Students meet face-to-face to create technology-supported projects that demonstrate their understanding and appreciation of the text.
Assessing Process

Asking questions is an important thinking skill. The following anecdotal comments describe the kinds of questions asked by students in oral and electronic discussions.

	Student
	Date
	Notes

	Amanda
	10/15
	Holes—2 questions to clear up confusion about plot

	
	10/30
	Holes—Question about character’s motive

	
	11/10
	Holes—Question comparing her experiences to Stanley’s


Assessing Product

The following rubric is used to evaluate the quality of thinking that is reflected in the final project for this unit.

Holes Project Evaluation Rubric

	Content
	4
	3
	2
	1

	Identification of theme 
	Identifies an important and relevant theme that is carefully  supported with  several specific 

instances in the book
	Identifies a reasonable theme that is supported by specific instances in the book
	Identifies a superficial theme that may be supported by few instances in the book
	Fails to identify a theme that is supported by the book

	Connections between book’s theme and different perspectives from real life
	Thoughtfully Illustrates the complexity of the theme by making logical and accurate connections with real-life examples from different points of view

Makes an important conclusion about the theme that applies to the reader’s life
	Illustrates the theme with several relevant real-life examples

Makes a logical conclusion about the theme
	Partially illustrates the theme with few real-life examples

Attempts to make a conclusion about the theme
	Inaccurately illustrates the theme with irrelevant examples

Fails to draw a conclusion about the theme


Self-Assessment

During independent reading, students write responses to the text on sticky notes. After reading a scheduled number of pages, they record and expand their notes in their journal and write a response to the prompt for that day’s e-circle. This entry serves as the “ticket” into the ongoing e-circle discussion. Use the independent reading-responding time to meet with individuals or small groups who need extra support. To encourage steady reading effort, record the number of pages the class has read at the end of each period. Seeing the number of pages grow on a “Class Reading Progress” chart can be motivating. Every three days, ask students to select their best notes, write a reflection about the strategies they used, and turn them in for assessment.
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Assessing Thinking: Grades 9-12

In The Case of the Mysterious Malady, located in the Showing Evidence Tool, chemistry students act as investigators when they analyze evidence and apply gas laws to determine the most likely source of a potential toxin. They use Showing Evidence to organize clues and draw a conclusion, then argue their case in a mock court of law.  

Assessing Process

The teacher will use the following checklist to monitor students’ understanding of the principles of arguments. Data can be collected from journal entries, observation of small- and large-group discussions and individual interviews.

	
	Understands concepts of claim and evidence
	Composes a claim correctly
	Correctly evaluates the quality of evidence
	Selects appropriate evidence to support claim

	Alicia
	
	
	
	

	Bobby
	
	
	
	

	Dirk
	
	
	
	

	Ellen
	
	
	
	


Assessing Product

Students use this rubric to assess the quality of the source for the evidence they gather to use in the mock trial.
	Rating
	[image: image25.png]



	[image: image26.png]2 Intel Educ:

rove It: Student Account

rosoft Internet Explorer provided by Comcast.

Fle Edt View Favortes Took Help

=18l x|

ok - @ B ] Qs [revetes Breie I B S HE OO @

&1riome 8 Garden Tovison

ks [ st ot comiDISCOVER W T Prov e Provelt,_Suderhccount ek, s oyetbr—GGbassgmerli- 1309 =l ow
-2 (Sesanwet []| Comai - @ wyvahoo! [ Games -+ 7 personls ~ $ Launict - [snin |- | s
Favorites x =
Biadd... S organize,

B Prove It

Sanking
asser
Travel
&

Teer
o83y - New & s et
&) comesst.com
&) vehoo! Groups sTaREun
=TS
)itsl Education Seeing
&) vehoo! Groups 1€TST

Back o Your Projocts @

Project Name: What's inyour genes?
Prompt: Should we put limitations on the usages of hiotechnology?

Claim Support  Quelty  Evidence

EVIDENCE

Evidence Summary
Write a one sentence
summary ofthe evidence

cloningis bad.

prove it description of the evidence

&lintl Edcaton 5t
& irel edcation Tea

it slans

E)tekm Tesch to the

&) vehoot Groups prover

ks

eds

&rado saton Gide
adogy

) uixtor - the sconmerceb

&)4oh lans Regional Tecn,

) QUaRTER UNITS TO SEME

"Blah, Biah.."

Source
Where did this evidence
come from?.

et bioloay com

Eloone [ [ [ memet

Astart ||| & @ Moo a0 || Bltiete...| Corinis...| icate...| Bprav..|[E7mee. L MO SWSEEO B

1055 M




	[image: image27.png]2 Intel Educ:

rove It: Student Account

rosoft Internet Explorer provided by Comcast. =18l x|

Fle Edt View Favortes Took Help

wBack ~ 5 - @[3 4| @earch |

Favortes Gede F|E-GHEHO O @

ks [ st ot comiDISCOVER W T Prov e Provelt,_Suderhccount ek, s oyetbr—GGbassgmerli- 1309 =l ow
-2 (Sesanwet []| Comai - @ wyvahoo! [ Games -+ 7 personls ~ $ Launict - [snin |- | s
Favorites x =
Biadd... S organize,

B Prove It

&1tiome & Garden Telvison
Sanking
asser
Travel
&
Teer
o83y - New & s et
&) comesst.com
&) vehoo! Groups sTaREun
=TS
)itsl Education Seeing
&) vehoo! Groups 1€TST

Back o Your Projocts @

Project Name: What's inyour genes?
Prompt: Should we put limitations on the usages of hiotechnology?

Claim Support  Quelty  Evidence

EVIDENCE
Evidence Summary
Write a one sentence
summary ofthe evidence

cloningis bad.

prove it description of the evidence

€]t Educaton st
&)1ntsl Education e,

it slans

E)tekm Tesch to the

&) vehoot Groups prover

ks

eds

1o taton e

adogy came o

) uixtor - the sconmerceb

&)4oh lans Regional Tecn,

-
[ty :E

Elooe [T @ temet
o] e AEOWMOO S @ © || B or] G m.Er 5. mp. [85¢M05.2 2M2EEO8% wsm

"Blah, Biah.."

Source
Where did this evidence





	[image: image28.png]2 Intel Educ:

rove It: Student Account

rosoft Internet Explorer provided by Comcast. =18l x|

Fle Edt View Favortes Took Help

wBack ~ 5 - @[3 4| @earch |

Favortes Gede F|E-GHEHO O @

ks [ st ot comiDISCOVER W T Prov e Provelt,_Suderhccount ek, s oyetbr—GGbassgmerli- 1309 =l ow
-2 (Sesanwet []| Comai - @ wyvahoo! [ Games -+ 7 personls ~ $ Launict - [snin |- | s
Favorites x =
Biadd... S organize,

B Prove It

&1tiome & Garden Telvison
Sanking
asser
Travel
&
Teer
o83y - New & s et
&) comesst.com
&) vehoo! Groups sTaREun
=TS
)itsl Education Seeing
&) vehoo! Groups 1€TST

Back o Your Projocts @

Project Name: What's inyour genes?
Prompt: Should we put limitations on the usages of hiotechnology?

Claim Support  Quelty  Evidence

EVIDENCE
Evidence Summary
Write a one sentence
summary ofthe evidence

cloningis bad.

: Explanation
credts e o e Wite a more detailed
Qprovet description ofthe evidence

€]t Educaton st
&)1ntsl Education e,

it slans

E)tekm Tesch to the

&) vehoot Groups prover

ks

eds

1o taton e

adogy came o

) uixtor - the sconmerceb

&)4oh lans Regional Tecn,

-
[ty :E

Elooe [T @ temet
o] e AEOWMOO S @ © || B or]cem.Er 5. mp. [85¢MO5.2 SM2EEO8% wsm

"Blah, Biah.."

Source
Where did this evidence





	[image: image29.png]2 Intel Educ:

rove It: Student Account

rosoft Internet Explorer provided by Comcast. =18l x|

Fle Edt View Favortes Took Help

wBack ~ 5 - @[3 4| @earch |

Favortes Gede F|E-GHEHO O @

ks [ st ot comiDISCOVER W T Prov e Provelt,_Suderhccount ek, s oyetbr—GGbassgmerli- 1309 =l ow
-2 (Sesanwet []| Comai - @ wyvahoo! [ Games -+ 7 personls ~ $ Launict - [snin |- | s
Favorites x =
Biadd... S organize,

B Prove It

&1tiome & Garden Telvison
Sanking
asser
Travel
&
Teer
o83y - New & s et
&) comesst.com
&) vehoo! Groups sTaREun
=TS
)itsl Education Seeing
&) vehoo! Groups 1€TST

Back o Your Projocts @

Project Name: What's inyour genes?
Prompt: Should we put limitations on the usages of hiotechnology?

Claim Support  Quelty  Evidence

EVIDENCE
Evidence Summary
Write a one sentence
summary ofthe evidence

cloningis bad.

: Explanation
credts e o e Wite a more detailed
Qprovet description ofthe evidence

€]t Educaton st
&)1ntsl Education e,

it slans

E)tekm Tesch to the

&) vehoot Groups prover

ks

eds

1o taton e

adogy came o

) uixtor - the sconmerceb

&)4oh lans Regional Tecn,

-
[ty :E

Elooe [T @ temet
o] e AEOWMOO S @ © || B orcem5.Er 5. mp. [15¢M05.2 SW2EEO®% mm

"Blah, Biah.."

Source
Where did this evidence




   

	Author
	Individual
	Individual or Expert
	Creditable Author
	Expert in the field
	Expert in the field

	Sponsoring Organization
	None
	Biased Organization
	Unbiased Organization
	Credible

Organization
	Credible

Organization

	How strong is the evidence?
	Based on opinion
	Opinion based slant
	Gives both pros and cons of the usage
	Factually based
	Facts that are statistically supported


Students use another rubric to assess how well their evidence supports the claim they make in the trial. 
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	The evidence has little effect on the determination of whether the claim is true or valid.
	The evidence seems to support the claim, but there are still significant uncertainties as to whether that support really proves the claim is true.
	There are other elements that come into play so that this evidence is not terribly important, but it does help to build the case.
	There is a small amount of room for interpretation or other variable, but basically the evidence is strong in its support of the claim.
	Considering for the moment that the evidence is true, it makes a very strong case for the claim.
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	The evidence has little effect on the determination of whether the claim is not true or valid.
	The evidence does seem to weaken the claim, but there are still significant uncertainties as to whether that opposition really proves the claim is false.
	There are other elements that come into play so that this evidence is not terribly important, but it does help to build the case against the claim.
	There is a small amount of room for interpretation or other variable, but basically the evidence is strong in its opposition of the claim.
	Considering for the moment that the evidence is true, it makes a very strong case against the claim.
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Assessing Thinking: Grades 9-12

Assessing One’s Own Work

Students assess the quality of their argument before coming to a final conclusion.
	(no stars)
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	Considering all of the evidence and the quality of that evidence, this claim has absolutely no merit and has been proven beyond a shadow of a doubt to be untrue.
	Although there are elements of truth in this claim, the evidence casts such considerable doubt as to the truth of this claim, that it is fairly clear that the claim is not true and/or valid.
	Circumstantial or minor evidence does seem to support this claim, but not enough to make a determination. “Reasonable doubt” exists.
	The evidence provided does support the claim, but there are still uncertainties as to whether that support really proves the claim is true. This rating is the result of a “hung jury.”
	There is a small amount of room for interpretation or other variable, but considering all of the evidence and the quality of that evidence, the claim is strongly supported and is most likely true and/or valid.
	Considering all of the evidence and the quality of that evidence, it is quite obvious that this claim is true and valid.


Conclusion
Students weigh the merits of each claim and explain their reasoning.
Final Check

Students provide evidence and explanations to show that they have accomplished the following objectives for the unit:

1. I understand what claims and warrants are.

2. I can compose a correct claim.

3. I can evaluate the quality of evidence.

4. I can select evidence that is appropriate to support my claim.
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