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				Preface

			

			
				Demystify Math, Science, and Technology provides you with practical and proven processes, tools, and examples that will be useful in applying the principles and strategies of a differentiated math and science curriculum. It assumes that standards-driven math and science instruction can help open doors to creative and innovative thinking. Differentiated instruction and collaborative inquiry are viewed as important features on the path to helping all students learn math and science.

				Close attention is also paid to the social nature of learning, and suggestions are given for sparking student interest in open-ended problem solving and collaborative inquiry. Demystify Math, Science, and Technology is written in a teacher-friendly style intended to help individual teachers improve their practice. It is organized in a way that is convenient for school districts or universities that are doing in-service work with classroom teachers.

				It might also serve as a supplementary text for methods classes in mathematics and science education. Although there are concepts and ideas that apply to any grade, the primary focus is on the elementary and middle school levels. However the book is used, it offers plenty of help and advice for promoting creativity and innovation in the math/science classroom.

				We believe that in the evolving local and global economy, the skills related to mathematical problem solving, scientific inquiry, and technology are keys to success in and out of school. Ingenuity, teamwork, and innovative skills are closely related to the intellectual tools of math and science. This whole package of attributes is essential for learners imagining new scenarios and future work in areas that don’t even exist yet. Of course, there is the age-old question about whether it is best to teach about innovation and creativity directly or indirectly.

				Like many topics, one point of view isn’t necessarily true and the other false. It can be both. The difficulty is figuring out what is true and what is false. You can be sure that innovation will be increasingly important to the success of any developed economy. Another certainty is that the mental discipline needed for sustainable innovation doesn’t come about in an educational vacuum.

				A major concern here is whether or not the thought processes and logic being propagated by our schools help students change in a way that supports them as they learn how to adjust to a rapidly changing environment. Putting thinking skills at the heart of math and science instruction can help—especially if teachers are able to develop lessons that meet the readiness, interests, and learning profiles of their students.

				With such a differentiated approach, support structures, and a high-quality curriculum, both teachers and students will be more able to hold a subject or problem in their minds long enough to see it anew.

				An important concern is that many students who are trying to learn about math, science, and their technological associates do not sufficiently connect with these subjects or with their more informed classmates. So, it is little wonder that struggling students don’t understand related skills and concepts as well as those who are exploring the more innovative and creative possibilities of math, science, and technology.

				In some schools, the intellectual tools and technological products of math and science are being applied in a way that ignites innovative behavior. In others, it is way out beyond the educational horizon.

				There are plenty of teachers out there who are more than willing to build problem solving, inquiry, creativity, and innovation into their daily routine. Many are going about doing this by connecting students with engaging and authentic real-world tasks and experiences.

				To make this happen, individual teachers must have the tools necessary to go beyond the basics and motivate all learners to be more imaginative and communicative in their approach to math and science. There is now general agreement that encouraging the investigation of the depth and breadth of mathematics and science is better preparation for success in school and in life than a curriculum whose major challenge is how much can be memorized for the short term.

				Things like home environment, class size, and school calendar all matter, but nothing is more important than teachers who can work with all the available tools to develop young minds. Part of the math and science teaching problem is that America has not made a reasonable level of investment in teacher education, professional development, and new curricula. Recruiting, training, and keeping good teachers are keys to the academic future of our school systems and the educational competence of the nation.

				Experienced educators know that students need to approach learning math and science in different ways. Like more than a few teachers, some learners simply don’t like these subjects—and others think they won’t be successful. At any level, it seems that poor attitude and poor achievement can amplify each other.

				In spite of the challenges, it is possible to appreciate strategies that worked in the past while adapting to today’s new realities. Some schools really do it right; the problem is reaching out to all schools across the country.

				Regardless of the state of their school system, teachers are increasingly faced with reaching out effectively to students who span the entire spectrum of learning. Student differences include issues surrounding preparedness, personal interests, and cultural ways of seeing and experiencing the world.

				We do know that, to build a capacity for student success, you have to identify individual strengths, maximize potential, and build capacity. Although there is no single formula for creating a differentiated classroom, it is our belief that no one should be sidelined with basic skills in a way that keeps them away from the creative and collaborative engagement associated with problem solving, inquiry, and the technological products of math and science.

				The following is a suggestion for teachers trying to prepare a math or science lesson for Monday: don’t let the pursuit of the long-term perfection stand in the way of goals you can achieve now.

				Developing positive attitudes toward math and science goes hand in hand with activating and engaging interest in these subjects. The hope is that the teaching ideas we present will assist teachers as they invite eager and reluctant learners to inquire, discover concepts, and collaboratively explore the inter-linking concepts of mathematics, science, and technology. Along the way, students may even acquire the ability to imagine and generate new ideas and collaboratively apply them (a major advantage in today’s world).

				Technology is a powerful force both in and out of school—and it has long been linked with math and science. Paying attention to this subject also makes sense because mathematicians and scientists rely on technology-supported possibilities as they go about doing their work. The technological products of math and science are important on many levels, so this book pays close attention to the instructional and innovative possibilities of these tools.

				Since teachers are the key to educational success, it is important to recognize the fact that they cannot develop the creative and technology-aided innovative abilities of their students if their own abilities in these areas are neglected.

				It is our belief that shining a light on mathematical, scientific, and technological processes gives everyone involved more control over everything that is going on around them. We also believe that demystifying practice in the fields of math, science, and technology can help all students gain a better understanding of how things work.

				Demystify Math, Science, and Technology recognizes those realities and tries to deepen the collective conversation, challenge thinking, and provide up-to-date tools for teachers so they can help reverse the steady erosion of math and science skills in the general population.

				Education helps a society leverage every other investment it makes, be it in medicine, transportation, or alternative energy.

				It appears to be the best single bet that a society can make.

				—D. Leonhardt1
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				Creativity, Innovation, 
and Differentiation

				Problem Solving and Inquiry in Math, Science, and Technology

			

			
				The future is not the result of choices among alternative paths offered by the present, but a place that is created—created first in mind and will, created next in activity.

				—John Schaar1

				Unless our schools ignite sparks of student creativity in math, science, and technology, Americans may find themselves largely serving as the worldwide information economy’s version of manual labor. From the boardroom to the classroom, innovation is seen as the key to a productive future. That future has not been predetermined; it is something that teachers and their students will be involved in creating.

				Differentiated instruction (DI) has creativity and innovation built into it because teachers who take that approach are used to making adjustments for students with different learning interests, needs, and fluency. A student or a small group may need more advanced problems, while others may need a hands-on approach that more closely matches their learning style. Mathematical problem solving and scientific inquiry are more natural and effective when students are not served a “one-size-fits-all” path to understanding.

				Math, science, and technology questions (or problems) can be designed in a way that nurtures the innovative spirit. A differentiated approach to instruction is guided by the idea that schools should extend individual potential, helping students to grow as much and as quickly as possible. Unlike older individualized learning approaches, differentiated instruction often happens in pairs or in small groups where students take responsibility for what they are doing and help each other master content based on learning goals and curriculum standards.

				DI involves recognizing how students’ varying backgrounds, knowledge, readiness, and learning preferences affect their work. The next step is making sure that there is some variation in content, process, or product. By content we mean multiple paths for taking in information; process should allow multiple options for making sense of ideas; and product means multiple options for expressing what has been learned.

				Clearly, differentiated learning, standards-based instruction, and innovative behavior are compatible with today’s math and science classrooms. As far as innovation is concerned, the process begins with creating new ideas in the right environment. Students’ attitudes and beliefs are crucial. The basic principles of innovation are questioning, trusting, taking risks, opening to new ideas, and being patient (Estrin, 2009).

				Differentiated Problem Solving, 
Inquiry, and Innovation

				DI is built on the belief that students have different needs and that all students can imaginatively approach any subject. Innovation might be thought of as radical or incremental changes in thinking, processes, technologies used, or services. Promoting thinking and innovative skills requires not treating students as passive recipients of information. Moving in the most productive direction requires an environment in which students are active learners, decision makers, and problem solvers.

				This means that the teacher is often more of a coach or facilitator than a lecturer in front of the class. It is also important to note that even in the most child-centered classroom, the teacher plays an important role by presenting new possibilities for questions and problems.

				There is a time and place for individuals to work alone, in pairs, in small groups, and as an entire class. But collaborative discussion is crucial. In a think-pair-share (groups of two) or in small groups of three or four, students can cooperatively work to frame and explore new problems.

				Interdependence (sink or swim together) and individual accountability are keys to the success of a small group. By think-pair-share, we mean making sure that individual students have a problem or question, asking them to think about it alone for just eight or ten seconds, and then, pairing them up for a discussion. Finally, after a good discussion with the partners, the partnerships share their point of view with the whole class.

				At various stages, the teacher might ask “Is there a different way to go about solving it?” or, after time for inquiry, “How would you change things based on what you discovered?” There are times when you may want students to write down their responses. And being ready to gear up (harder) or gear down (simplify) a problem or question is part of what differentiation is about. It is always good to have other questions/problems ready in case there is time to repeat the process.

				Although the most important instructional goal of math and science instruction is to understand the content, it is also important for students to learn about the purposes, methods, and innovative behavior associated with these subjects and their technological tools. Teaching students to collaboratively make decisions and complete authentic investigations is part of every lesson plan. A differentiated math/science classroom also provides many opportunities for students to inquire into their own understandings—
while learning how to think and work like mathematicians and scientists.

				The advance of cognitive learning theories has led educators to realize how important it is for learners to be more actively engaged in their own construction of knowledge. Helping students become efficient problem solvers has long been viewed as an important goal of mathematics instruction. Solving a problem involves finding a way around an obstacle or getting past some difficulty to experience the triumph of discovery.

				By engaging in a math-related task before the method of solution becomes clear often results in the development of new knowledge. In the differentiated math classroom, students have frequent opportunities to formulate, work with, and solve complex problems. The process requires a high degree of student effort, and time is needed for reflecting on their own thinking. (There is more to come in chapter 3.)

				Both problem solving and inquiry are ways for scientists and students to investigate the world. Although science obviously pays attention to problem solving, inquiry is paramount. Scientific inquiry can be viewed as a process by which questions are asked, evidence is gathered, investigations are carried out, explanations are proposed, and predictions are made. Inquiry is an active problem-solving approach that uses scientific, mathematical, and technological tools to study the natural world and present the results to others.

				By taking part in scientific inquiry, students acquire knowledge and develop an understanding of concepts, models, and theories. Inquiry also involves a set of interrelated processes that students and scientists can use to investigate phenomena and creatively think about world situations. Understanding the nature of scientific knowledge, interpreting scientific explanations, and generating/evaluating scientific evidence are all part of the inquiry package. (There is more to come in chapter 4.)

				The research tells us that problem solving in math and inquiry in science can motivate and encourage creative and innovative behavior in all types of students (Aleixandre & Erduran, 2008). It also helps learners understand the nature of these subjects and comprehend how they impact their lives.

				Math and science education are dynamic fields being influenced by new research findings, national standards, state content requirements, technological advances, the gradual evolution of learning theories, and advances in instructional/assessment strategies. Both subjects integrate technology to encourage creativity and innovative behavior. In spite of all the changes and disagreements, attending to problem solving in math and teaching science as inquiry is supported by all the major stakeholders.

				Problem solving, inquiry, and creative reasoning sometimes include students’ questioning conventional wisdom and seeking out evidence to support their arguments. It is just as important to get students to go beyond old and new facts to discover new ways to think about them. Innovative ideas can be generated by encouraging a diversity of thinking when students are engaged in authentic performance tasks that require both self-expression and content mastery. It also helps if teachers set up time and space for reflection, experimentation, and the collaborative generation of new ideas.

				Regardless of the math or science lesson, students must develop certain habits of the mind, employ critical reasoning skills, and productively participate in the process. Clearly, in the differentiated classroom, problem solving, inquiry, and innovation are natural allies (Bass, Contant, & Carin, 2009).

				Math and science courses temper the human spirit, refine it, and make it a tool with which one may creatively tackle any kind of material.

				—Francis Perkins2

				Basic Principles of Innovation

				Innovation has a lot to do with the creation of new ideas, approaches, or things. It might also involve transforming an idea or invention into a problem-solving device, process, product, or technique. Uniqueness and novelty are key criteria.

				Innovation requires questioning. Questioning provides room to explore. To explore is to discover new ideas. Questions can be inquisitive or judgmental. Discovering questions convey interest. Questions such as “Can you explain . . .” are open-ended assumptions or hypotheses found in mathematical problem solving and scientific inquiry. Teaching through inquiry can provide students with many questions. They are yearning to explore them. Students take innovative steps in authentic investigation and problem solving.

				Questioning and inquiry promote active learning in the differentiated classroom. Questions like “Why did you . . .” express judgment, not confidence, faith, or trust. Students can continue to question their assumptions and pursue bold, broad-ranging innovation.

				Trusting is another principle of innovation. As a teacher, you need to trust your students, and students need to trust themselves, the teacher, and each other. Trust happens when students understand that the teacher is there to support them. Teachers in differentiated classrooms often use small group instruction, personalized learning assignments, independent studies, learning contracts, open discussions, and many other strategies to make learning work for each student.

				Teachers honor student voices by inviting student ideas, encouraging student thoughts, and affirming, supporting, and responding with honesty. Part of trusting is seen as being fair. Trusting yourself and others is necessary for success.

				Risking means taking a chance. Failure is part of risk taking and a part of innovation. Accepting failure is not easy and often painful. Being able to give up what we passionately believe requires tolerance and patience. Our aim is for accountability without blame. An element of risk (“Is it going to work, or not?”) adds excitement. The eagerness to take bold, yet calculated risks is one of the basic principles of innovation.

				Opening to new ideas is another basic principle of innovation. It requires an open mind and an open atmosphere where everyone is encouraged to imagine, think broadly, and collaborate on essential questions. Openness captures serendipity and gives learners the freedom to create. Part of openness involves a type of curiosity that stimulates the ability to critically evaluate data, accept input, and be ready to adapt to change.

				Stimulating the imagination matters because without it innovation is stifled and independent self-expression and standards mastery are diminished. Being open to surprise and openly sharing information creates avenues for valuable feedback. Once a pair or small group of students agrees on a problem and path of inquiry, the next step is executing a plan and opening their minds to the possibilities.

				Being patient is mandatory if innovation is to succeed. Having patience allows ideas to ripen. Innovators need to be able to endure uncertainty, to doubt and wait, instead of jumping at the first solution that comes along. They must have the strength to overcome obstacles and to defend their daring ideas. Time frames and appropriate measurement techniques help calculate how well you are doing. There are times when you can’t tell whether something is going to succeed. Teachers can’t have someone looking over their shoulder saying, “How are you doing?”

				There is not a predictable path to successful innovation. Historically, half of the great innovations arise from extraordinary insights; the other half had more to do with chance. Whether it was inspired insight or blind luck, academic preparation, circumstance, location, and openness to new experiences had a lot to do with it.

				DI requires that teachers know their students and make learning personally relevant for them. Knowing your students opens many doors to academic success. The teacher must comprehend what each student knows and can accomplish at a certain time in order to plan and alter instruction in a way that keeps students on task. In fact, DI stands or falls based largely on the teacher’s ability to monitor students’ nearness to content goals throughout the learning cycle. Of course, success or failure is not just the teacher’s responsibility; it’s up to the students to develop the ability and the inclination to monitor their progress toward goal attainment.

				Armed with assessment information and knowledge of the students, teachers can adapt their teaching plans to ensure student readiness, interest, and individual learning styles. Once teachers know what students understand, what they can or cannot do, and what motivates them to learn, they can try to make sure that students attain an understanding of basic information. Teachers can also help students take charge of their learning and take charge of their lives.

				Differentiation: One Size Doesn’t Fit All

				Making sure that the learning is tailored to each student is another part of promoting creativity and innovation in the classroom. Asking students to do what they are ready to do avoids a lot of aggravation for everybody. If work is too easy, it can prevent them from addressing the challenge. If it’s too hard, frustration and bad attitude set in. In either case, the students’ willingness to continue when they face difficulty with math, science, or technology vanishes. Remember, it’s just as bad to say that Jane is bored as it is to say that Johnny can’t count.

				Matching student learning with what they care about always helps. When students know they can do the task and care about it, they will most likely do whatever it takes to succeed. This implies that students can express their learning in ways that will help them succeed. Many discouraged students think they can’t complete the assignments. Meeting students where they are in their academic achievement, interests, and preferred learning styles allows teachers to help students reflect on their feelings of failure.

				To counteract these negative impressions and connect with their world, it’s helpful to use graphic novels and images from the Internet that reflect their feelings about math, science, reading, and technology.

				Teachers in differentiated classrooms use small group instruction, reading partnerships, text at different reading levels, independent studies, varied homework assignments, and personalized evaluations. Teachers are flexible with work time making learning apply for each student. They use ongoing formative assessment practices, connecting the latest information to curriculum instruction and DI. They constantly study their students to understand what they need and adjust their teaching.

				Power over Learning

				Letting students make responsible decisions on how to use their time is one way to give students some power over their learning. Teachers respect student ideas by inviting their opinions, encouraging participation, and being honest (Tomlinson, Brimijoin, & Narvaez, 2008). Because differentiated learning promotes individualization, teachers can effectively respond to student needs and communicate in a nurturing way. Differentiated teachers make time for student discussions, help solve problems with small groups, ask for student input in developing classroom rules, and provide opportunities for students to review each other’s work.

				Trust and making sure that students understand what they can do are intertwined with empowerment. They are attempting to meet the broad needs, backgrounds, and learning styles of a diverse student population. Today, we know much more about why some students have little trouble learning and others struggle. We know the value of a student’s preparedness, learning style, interests, and confidence in learning.

				As schools are adapting to an increasingly broad range of learners, it is more important than ever to design math, science, and technology instruction in ways that accommodate academically diverse learners. DI can be part of the answer. With a standards-based curriculum in place in almost every state, all students are expected to achieve at high levels. In the past, there was a group of students who ended up being placed in low-achieving classes. Now, we must find ways to make higher achievement available for everyone.

				DI is a collection of approaches that help you direct and manage the variety of learning needs in your classroom. DI that fosters innovation depends on how you identify your students’ learning needs effectively and how you offer learning opportunities that increase the probability of student success. DI is a proven way to ensure that fewer children are left behind and that higher levels of attainment are reached.

				Teachers have always had to deal with the fact that individual students learn things in different ways. And most realize that schools are places where teachers learn from students and students can learn from each other. Although differentiated math/science/technology instruction is a more recent development, it is an easy fit for many teachers.

				DI is nothing new. It is based on the best practices in education. It puts students at the center of learning. It allows their learning needs to help you manage your instructional planning. The first step in differentiated learning is to begin where you are. Differentiation does not mean throwing out your planning from past years. It means analyzing how well you’re providing variety and challenge in learning, recognizing which students are best served by your current plans, and altering those plans as needed so more students can be successful.

				Learning Goals of Differentiation

				Differentiated learning helps students not only master content but also shape their learning identities. DI increases learning for all students by involving them in activities that respond to their individual needs, strengths, and inclinations. Differentiated goals include the following:

				• Developing challenging and engaging tasks for every learner

				• Creating instructional activities based on the necessary topics, concepts, and skills of math, science, and technology, and providing ways for students to display what they have learned

				• Offering flexible approaches to content and instruction

				• Paying attention to students’ readiness, instructional needs, and learning preferences

				• Meeting curriculum standards for each learner

				Differentiated innovation involves adapting instruction to meet the needs of students with a wide range of needs and academic abilities. It involves recognizing the fact that individuals and small clusters of students can use different content, processes, and products to achieve the same conceptual understanding.

				Differentiated responses from the teacher can be as simple as rephrasing a question—or as complicated as regrouping on the basis of student interests. DI is much more than individualized learning or designing a lesson for every student. It involves building mixed-ability group instruction around the idea that individual students (or groups of students) learn in unique ways and at varying levels of difficulty. Assessment can follow a similar path. And along with teacher observation, it can influence grouping decisions.

				What children can do together today they can do alone tomorrow.

				—Vygotsky3

				A good way for learning groups to connect with DI is for teachers to base group assignments on what they know about the interests and aptitudes of the students involved. In addition, there are times when students may need multiple chances to demonstrate mastery. In a differentiated classroom, you will find students doing more thinking for themselves and working more with peers.

				Self-evaluation and a gentle kind of peer assessment are both part of the process. With DI, small collaborative groups within the class are often working at different levels of complexity and at different rates. Math, science, and technology lessons can be differentiated based on a students’ interest in these subjects, readiness to learn a concept, and their preferred path to comprehension.

				Language makes us human

				Art and culture push the boundaries of human understanding

				Science and its mathematical tools help us understand the natural world

				Technology makes us powerful

				And being in community with others makes us free.

				—Dennis Adams

				Elements that Guide Differentiated Learning

				The content that teachers teach and how students have access to information are important ways for teachers to differentiate instruction. Curriculum content is often determined by the school or district and reflects state or national standards. You differentiate content when you preassess students’ skills and knowledge, then match students with activities according to their readiness. Student readiness is the current knowledge understanding and skill level of a student. Readiness does not mean student ability; rather, it reflects what a student knows, understands, and is able to do.

				Interest is another way to differentiate learning. Topics students enjoy learning about, thinking about, and doing provide a motivating link. Successful teachers incorporate required content to students’ interests to engage the learner. This helps students connect with new information by making it appealing, relevant, and worthwhile.

				A student’s learning profile is influenced by an individual’s preferred learning style, “intelligence” preference, academic interests, and cultural background. By tapping into a student’s learning profile, teachers can extend the ways students learn best.

				A differentiated learning environment enables teachers and students to work in ways that benefit each student and the class as a whole. A flexible environment allows students to make decisions about how to make the classroom surroundings work. This gives students a feeling of ownership and a sense of responsibility. Students of any age can work successfully as long as they know what’s expected and are held to high standards of performance.

				Important Principles of Differentiation

				Several key principles describe a differentiated classroom. A few of them are defined here:

				• A high-quality engaging curriculum is the beginning principle. Your first job as a teacher is to guarantee that the curriculum is consistent, inviting, important, and thoughtful.

				• Students’ work should be appealing, inviting, thought provoking, and stimulating. Every student should find his or her work interesting and powerful.

				• Teachers should try to assign challenging tasks that are a little too difficult for the student. Be sure there is a support system to assist students’ success at a level they never thought possible.

				• Use adjustable grouping. It is important for you to plan times for groups of students to work together—and times for students to work independently. Provide teacher-choice and student-choice groups.

				• Assessment is a formative ongoing process. Teachers often preassess students to determine students’ knowledge and skills based on their needs. Once you are aware of what students already know and what they need to learn, then you can differentiate instruction to match the needs of each student. Formative assessment allows teachers to alter instruction while learning is going on.

				• When it comes to planning activities or assignments, we often use a tiered approach. Tiered methods are differentiated learning ways to teach that you develop based on your diagnosis of students’ needs. When you use a tiered approach, you are prescribing individual techniques to particular groups of students. Within each group, you decide whether students do assignments alone, with a partner, or as a collaborative learning team.

				The basic idea is to have a wide range of students learn the concept being taught. But students can reach competency in many different ways. The first step is to identify the key skills and concepts that everyone must understand. All students in a class cover the same topic, but the teacher varies materials based on students’ aptitudes and interests.

				• At least some grades should be based on growth. A struggling student who persists and doesn’t see progress will likely become frustrated if grade-level benchmarks seem out of his or her reach and growth doesn’t appear to count. It is your job to support the student by making sure (one way or another) the student masters the concepts required. When it’s time for final assessments, it’s important to plan several assessment strategies—for example, a quiz and a project.

				When it comes to DI, teachers need to realize that differentiation is about grouping according to the social, academic, interests, and emotional needs of students. It’s not about ability grouping. Teachers need the ability to build motivating lessons for mixed-ability groups. And they need to think about their craft as they practice it. Better thinking also requires paying at least some attention to connecting theory and research to practice. If students have trouble learning math and science from the way we teach, then we need to pay attention to their personal resources and teach them in a way they can learn.

				Multiple Intelligences: Another Part 
of Differentiated Instruction

				The goal of DI is to increase the chances that students will be successful learners. A way to achieve this is to get to know students and to understand how they differ in interests, learning preferences, readiness, and motivation. It is necessary for teachers to realize that students learn and create in different ways. Although we know it is often best to teach to students’ strengths, providing them with deep learning experiences in different domains can also enrich their “intelligence” in specific areas.

				Carol Tomlinson’s idea of the differentiated classroom is based, in part on the work of Howard Gardner and Robert Sternberg. They contributed to the awareness that students exhibit different intelligence preferences. Gardner projected that intelligence could be thought of as a variety of independent intelligences rather than an overall measure of mental ability. He identified eight intelligences that represent different ways a child may understand or explain their knowledge. These include the following:

				Linguistic: the ability to use language to express ideas.

				Logical/mathematical: the ability to explore patterns and relationships by manipulating objects or symbols in an orderly manner.

				Musical: the capacity to think in music; the ability to perform, compose, or enjoy a musical piece.

				Spatial: the ability to understand and mentally manipulate a form or object in a visual or spatial display.

				Bodily-kinesthetic: the ability to move your body through space and use motor skills in sports, performing arts, or art productions (particularly dance or acting).

				Interpersonal: the ability to work in groups; interacting, sharing, leading, following, and reaching out to others.

				Intrapersonal: the ability to understand your inner feelings, dreams, and ideas.

				Naturalist: the ability to discriminate among living things (plants and animals) as well as sensitivity to the natural world.

				Sternberg suggests three intelligence preferences:

				Analytic (schoolhouse intelligence)

				Creative (imaginative intelligence)

				Practical (contextual, street-smart intelligence)

				Today, there is still discussion about what these intelligences represent or if there are additional intelligences. Our purpose here is to develop a broad collection of instructional activities that offer learning choices for each of the intelligences. You may wish to use these intelligences as paths for learning.

				Students have a range of strengths and weaknesses, and the effective teacher can put into action lessons that provide learning activities that speak to a wide assortment of these intelligences. By doing so, the teacher can provide the best learning opportunities for students who have different strengths in each intelligence. Teachers are also encouraged to plan their lesson activities with these intelligences in mind.

				Gardner’s work can help you add excitement to the ways you teach and the projects you assign. It can also help you find out more about your students, the ways they learn best and what they like to do. The activities in this book look at student activities using DI. We explain what differentiation would look like and sound like in the classroom.

				Activities that Reflect 
the Multiple Intelligence Theory

				1. Upper elementary and middle school students can comprehend the Multiple Intelligence (MI) Theory. One way to discover students’ interests and strengths is to explain the MI Theory to them and provide them with a list of possible activities.

				2. Ask your students to review the MI activities list and note which ones they choose the most. Make sure your students understand the purpose of this activity is to find out students’ learning strengths.

				Student Actions: Using Direct Instruction

				Read the lists and underline all the MI activities you enjoy doing, presenting, or performing. Here are some possibilities:

				linguistic intelligence musical intelligence

				writing an article singing a rap song

				developing a newscast giving a musical presentation

				making a plan, describing a procedure explaining music similarities

				writing a letter demonstrating rhythmic patterns

				writing a play performing music

				interpreting a text or a piece of writing

				conducting an interview

				debating

				logical-mathematical intelligence spatial intelligence

				designing and conducting an experiment illustrating, sketching

				describing patterns creating a slideshow

				making up analogies to explain chart, map, or graph

				solving a problem creating a piece of art

				inventing a code drawing, painting, videotaping

				designing a website

				bodily-kinesthetic intelligence interpersonal intelligence

				using creative movement participating in a service project

				designing task or puzzle cards conducting a meeting

				building or constructing something teaching someone

				bringing materials to demonstrate consoling others

				using technology to explain something advising a friend or fictional

				using the body to persuade or support character others

				naturalist intelligence intrapersonal intelligence

				preparing an observation notebook writing a journal entry

				describing changes in the environment describing one of your values

				caring for pets, wildlife, gardens, or parks assessing your work

				using binoculars, telescopes, or setting and pursuing a goal
 microscopes reflecting on emotions

				photographing natural objects dreaming

				analytic creative

				reviewing basic skills imagining, creating

				contextual

				being street smart

				3. Once students have expressed their choices, have them do some activities to help them remember the intelligences. We like having students work with a partner and create activities.

				4. Introduce various learning styles:

				Mastery style learner—concrete learner, step-by-step process; learns sequentially.

				Understanding style learner—focuses on ideas and abstractions; learns through a process of questioning.

				Self-expressive style learner—looks for images; uses feelings and emotions

				Interpersonal style learner—focuses on the concrete, prefers to learn socially, and judges learning in terms of its potential use in helping others.

				Encourage students to identify their preferred learning style and get together with their team to review learning preferences.

				5. Build on students’ interests.

				When students do research either individually or with a group, allow them to choose a project that appeals to them. Students should also choose the best way for communicating their understanding of the topic. In this way, students discover more about their interests, concerns, learning styles, and intelligences.

				6. Plan interesting lessons. There are many ways to plan interesting lessons.

				Lesson plan ideas presented here are influenced by ideas as diverse as those of John Goodlad, Madeline Hunter, and Howard Gardner.

				Lesson Planning

				1. Set the tone of the lesson. Focus student attention, relate the lesson to what students have done before. Stimulate interest.

				2. Present the objectives and purpose of the lesson. What are students supposed to learn? Why is it important?

				3. Provide background information: what information is available? Resources such as books, journals, videos, pictures, maps, charts, teacher lectures, class discussions, or seat work may be listed.

				4. Define procedures: what are students supposed to do? This includes examples and demonstrations as well as working directions.

				5. Monitor students’ understanding. During the lesson, the teacher may check students’ understanding and adjust the lesson if necessary. Teachers invite questions and ask for clarification. A continuous feedback process is always in place.

				6. Provide guided practice experiences where students have a chance to use the new knowledge presented under direct teacher supervision.

				7. Offer students many opportunities for independent practice where they can use their new knowledge and skills.

				8. Evaluate and assess students’ work to show that students have demonstrated an understanding of important concepts.

				9. Lesson plan formats are included in the resources list.

				A Sample Multiple Intelligence Lesson Plan

				Differentiated Brain Lesson: How Neurons Work

				The basic idea is to develop understanding of personal health, changes in environments, and local challenges in science and technology. The human body and the brain are fascinating areas of study. The brain, like the rest of the body, is composed of cells; but brain cells are different from other cells. Neurons grow and develop when they are used actively, and they diminish when they are not used.

				All students must be involved in vigorous new learning or they risk losing brain power. High interest/low vocabulary materials such as colorful charts are desirable when teaching new concepts to struggling learners. A chart of a neuron of the brain including cell body, dendrite, and axon is a helpful teaching tool when introducing this concept.

				This lesson focuses on the math standards of problem solving, estimation, data analysis, logic, reasoning, communication, and math computations. The science standards of inquiry, life science, science and technology, and personal and social perspectives are also part of the lesson.

				Lesson Goals

				The basic goal is to provide a dynamic experience with each of the eight “intelligences” and map out a chart on construction paper.

				Procedures

				1. Divide the class into groups. Assign each group an intelligence.

				2. Allow students time to prepare an activity that addresses their intelligence. Each small group will give a three-minute presentation (with a large map) to the entire class. Let reluctant students see, hear, touch, and write about new or difficult concepts. Utilize materials that assess present learner needs. Allow the class to develop their own problems.

				Objective

				To introduce students to the terminology of the brain and how the brain functions, specifically the functions of the neurons.

				Grade Level

				With modifications, K–8.

				Materials

				Paper, pens, markers, copy of a picture of the brain, the neuron, songs about the brain, and model of the brain (recipe follows).

				Brain “Recipe”

				Pour five cups of instant potato flakes, five cups of hot water, and two cups of sand into a one-gallon zip lock bag.

				Combine all ingredients; mix thoroughly. It should weigh about three pounds and have a consistency of a real brain.

				Background Information

				No one understands exactly how the brain works. But scientists know the answer lies within the billions of tiny cells, called neurons or nerve cells, that make up the brain. All the body’s feelings and thoughts are caused by the electrical and chemical signals passing from one neuron to the next. A neuron looks like a tiny octopus but with many more tentacles (some have several thousand). Neurons carry signals throughout the brain that allows the brain to move, hear, see, taste, smell, remember, feel, and think.

				Procedure

				1. Make a model of the brain to show to the class. The teacher displays the brain and says, “The smell of a flower, the memory of a walk in the park, the pain of stepping on a nail—these experiences are made possible by the three pounds of tissue in our heads—“THE BRAIN!”

				2. Show a picture of the neuron and mention its various parts.

				3. Have the students label the parts of the neuron and color them, if desired.

				Activity 1—Message Transmission: Explaining How 
the Nerve Cells (Neurons) Work

				A message traveling in the nervous system of the brain can go two hundred miles per hour. These signals are transmitted from neuron to neuron across synapses.

				1. Instruct students to get into groups of five. Each group should choose a group leader. Include all students, even those who seem not interested.

				2. Direct students to stand up and form a circle. Each person is going to be a neuron. Students should be an arm’s length away from the next person.

				3. When the group leader says “Go,” have one person from the group start the signal transmission by slapping the hand of the adjacent person. The second person then slaps the hand of the next, and so on until the signal goes all the way around the circle and the transmission is complete. Utilize materials that address learners’ needs. Allow the entire class to become involved in this learning exercise. This helps underachieving learners realize they can work successfully and have fun with peers.

				Explanation

				The hand that receives the slap is the “dendrite.” The middle part of the student’s body is the “cell body.” The arm that gives the slap to the next person is the “axon,” and the hand that gives the slap is the “nerve terminal.” In between the hands of two people is the “synapse.”

				Inquiry Questions

				As the activity progresses, questions will arise such as “What are parts of a neuron?” A neuron is a tiny nerve cell, one of billions that make up the brain. A neuron has three basic parts—the cell body, the dendrites, and the axon. Have students make a simple model by using their hand and spreading their fingers wide. The hand represents the “cell body,” the fingers represent “dendrites” that bring information to the cell body, and the arm represents the “axon” that takes information away from the cell body. Just as students wiggle their fingers, the dendrites are constantly moving as they seek information.

				If the neuron needs to send a message to another neuron, the message is sent out through the axon. The wrist and forearm represent the axon. When a neuron sends information down its axon to communicate with another neuron, it never actually touches the other neuron. The message goes from the axon of the sending neuron by “swimming” through the space called the synapse. Neuroscientists define learning as two neurons communicating with each other. They say neurons have “learned” when one neuron sends a message to another neuron (Hannaford, 2005).

				Activity 2—Connect the Dots

				This exercise is used to illustrate the complexity of the connections of the brain.

				1. Have students draw ten dots on one side of a sheet of typing paper and ten dots on the other side of the paper.

				2. Tell students to imagine these dots represent neurons; assume each neuron makes connections with the ten dots on the other side.

				3. Then connect each dot on one side with the dots on the other side. This is quite a simplification. Each neuron (dot) may actually make thousands of connections with other neurons.

				Another part of the activity is teaching brain songs to students: Teach a small group of students the words and the melody of the songs. Include struggling students in this song process. They will become the brain song “experts.”

				“I’ve Been Working on My Neurons” (Sung to the tune “I’ve Been Working on the Railroad”)

				I’ve been working on my neurons, all the livelong day.

				I’ve been working on my neurons, Just to make my dendrites play.

				Can’t you hear the synapse snapping? Impulses bouncing to and fro,

				Can’t you tell that I’ve been learning? See how much I know!

				“Because I Have a Brain” (Sung to the tune “If I Only Had a Brain” from the movie Wizard of Oz)

				I can flex a muscle tightly, or tap my finger lightly,

				It’s because I have a brain,

				I can swim in the river, though it’s cold and makes me shiver,

				Just because I have a brain.

				I am really fascinated, to be coordinated,

				It’s because I have a brain.

				I can see lots of faces, feel the pain of wearing braces,

				Just because I have a brain.

				Oh, I appreciate the many things that I can do.

				I can taste a chicken stew, or smell perfume, or touch the dew.

				I am heavy with emotion, and often have the notion,

				That life is never plain.

				I have lots of personality, a sense of true reality,

				Because I have a brain.

				Activity 3—Introduce Graphic Organizers

				Graphic organizers help students remember information. Mind mapping or webbing shows the main idea and supporting details. To make a mind map, write an idea or concept in the middle of a sheet of paper. Draw a circle around it. Then draw a line from the circle. Write a word or phrase to describe the concept. Draw other lines coming from the circle. Then have students draw pictures to represent their descriptions. Students can start mapping by examining the skill section of their map. Encourage students to talk about word choices and their picture creations.

				Activity 4—Review the Physical Science Principles of Matter

				The beginning activities on principles of matter shown here help students reveal their exciting curiosity as they observe, manipulate, and sort common objects and materials in their environment. They continue to explain their ideas of the world as they work with the National Science Education Standards.

				Science Standards on the Principles of Matter

				Children should be aware of the following:

				• the properties of objects and materials (K–4)

				• the way properties of matter change (5–8)

				Ideas and Principles that Help Explain the National Science Standards

				• Many things in the natural world can be observed (K–4).

				• Natural things are made of many materials (5–8).

				• Properties are often used to sort or group objects or materials (K–4).

				• Materials come in different forms—solids, liquids, and gases (K–4).

				Properties of Objects and Materials. Material objects are described by their distinctive properties. Students investigate and classify objects in many different ways. Some objectives follow:

				• describing characteristics of objects as something that you can see, hear, smell, touch, or taste

				• creating ways to describe and sort objects based on their properties

				• using descriptions and classifications to show important characteristics of objects such as balls and buttons

				Materials for each group follow:

				• a variety of different buttons

				• one tray to hold the buttons being observed

				How Buttons Are the Same and Different

				Engage: With children in a large group, present an object like a ball. Ask students to tell what they know about the object. Using their senses can they describe it? What is its shape and color, and what does it feel like? Then, have them look at a large button. Have them use their senses to observe it. In their groups, have them make observations and play a game with lots of buttons.

				Explore: Organize children into collaborative groups. Each small group gets about fifteen different buttons on a tray. Have children observe the buttons and describe them to each other. A child describes the button’s shape, color, and other properties like the number of holes it has.

				Explain: As a class, ask “What words can you use to describe the buttons you observed?” Tell students the scientific word used to describe objects is property. A property refers to a characteristic of an object that can be observed with your senses. Review other uses of the word property with the students; emphasize its use in science.

				Questioning: What are buttons used for? How do they work?

				Evaluate: Have students select a button. Write as many words as you can to describe its properties.

				Science and Math Innovative Activities

				The activities presented here, unless otherwise specified, are designed for elementary students. The following activity was planned with elementary students in mind, but with creativity, the techniques can be adapted for middle school learners.

				1. To Observe and Describe Using the Five Senses

				Description

				This primary activity uses the five senses. The process skills of observing, inferring, communicating (sharing), and hypothesizing are introduced.

				Planning Group

				Members should arrange the classroom and materials.

				Objectives

				1. Students will observe and make inferences with their senses.

				2. Students will talk and share their ideas with others.

				3. Students will ask questions and make hypotheses based on their senses.

				4. Struggling students will verify their thinking through personal experiences.

				Procedures

				1. Select several objects that are safe to touch, smell, and taste (cookies, orange, apple, and popcorn are good choices).

				2. Put one object in a clean paper bag, and ask students to feel the object without looking inside.

				3. Have students describe what they feel.

				4. Have students smell the object without peeking.

				5. Encourage students to describe what they smell.

				6. Shake the bag, and invite students to describe what they hear.

				7. Next, you may wish to have students taste the object and describe it.

				8. Finally, allow students to look at the object and verify their guesses.

				It’s important to discuss with students the strategies they used in making their guesses. Point out the invaluable role of others. Ask what they learned from other classmates about making inferences. Experiences in inferring and describing give students an opportunity to develop and refine many science and math concepts.

				Students may use vague or emotional terms rather than specific descriptive words. It’s important to discuss the communication process, wherein words are most effective in describing what they did. Let students discuss which words give better descriptions. Have students relate their everyday language to math and science language and symbols. The following activity gives struggling students a chance to refine their skills.

				Evaluation

				Have students share their experiences through language and cultural anecdotes.

				Language materials designed to teach non-English-speaking students are valuable when helping the struggling student.

				2. What Do You See?

				Description: Grades 3–4

				This group center activity involves the process skills of observing, inferring, measuring, comparing, and recording.

				Objectives

				1. Students will be able to observe and record data accurately.

				2. Students will use simple scientific equipment.

				3. Students will demonstrate the ability to work in groups in an organized and productive manner.

				Process Skills

				Measuring, comparing, inferring, ordering by distance, formulating conclusions.

				Planning Group

				Members should arrange the classroom and materials.

				Materials

				1. Five samples: a house fly, a computer disk, a flower, a piece of fabric, and a sample of paper. (Other samples may be substituted for those listed.)

				2. Twelve magnifying glasses.

				3. Six rulers.

				4. An observation sheet for each student.

				Procedure

				1. Six stations, each including two magnifying glasses, one of the samples listed above, and a ruler, are set up around the room.

				2. Each student receives an observation sheet.

				3. Students are divided into six groups of four students each.

				4. Each group is assigned a station. At this station, the group has ten minutes to record as many observations about the sample as possible.

				5. Each student in the group, while using the magnifying glass and the ruler, makes an observation for the group to record. Students take turns as time allows.

				6. As a class, students compare and discuss their observations.

				7. Struggling students are actively involved whether they’re the group leader or just part of the team. If students have difficulty, encourage them to work together as a partnership.

				Evaluation

				Data sheets are evaluated on organization, observation skills, and accuracy.

				DI is a proven path to principles that can guide instruction; it provides a useful vehicle for teachers who want to modify or adapt math, science, or technology content.

				Constructing Understanding 
in a Differentiated Classroom

				The rapid advance of cognitive learning theories helped educators realize the need for students to be more actively involved in their own construction of knowledge. Science and its mathematical and technological tools have a lot to tell us about the future. Literature lets us in on other possibilities—
and it helps us understand who we are.

				Good stories have a lot to offer every subject. Unfortunately, many stories that connect to math or science simply tell children and young adults what mathematicians and scientists have found out about certain phenomena. Too many books leave out the drama of discovery and the trial/error work it took to solve a problem. Still, teachers can build on just about any story with a differentiated mixture of problem solving, inquiry, discussion, and a little extra detail.

				Successful differentiated classrooms are full of energy, excitement, and the possibility of teaching all students no matter what learning modality they prefer. Learning math and science is a process that is different for each student. In addition to individual aptitudes, teamwork skills and having a positive attitude matter.

				So, it is little wonder that many educators find DI useful in moving students with a variety of academic strengths in the direction of viewing education as the way to light up their future. With all the positive possibilities, teachers are coming to view DI as an important ally in meeting the needs of students with increasingly diverse levels of prior knowledge, interests, and cultural backgrounds.

				DI is responsive to specific individual and small group needs—as well as to class performance as a whole. By preparing lessons that differentiate learning, teachers can meet the needs of every student in today’s diverse classrooms. It has proven to be a solid asset for teachers trying to reach students who are performing at varying levels in science and math.

				DI is an organized, yet flexible, way of adjusting teaching and learning to meet students where they are and helping them accomplish more academically. By creating a differentiated classroom, teachers can do a better job of helping students become self-reliant and motivated learners. Clearly, it is a good way to meet both individual and group needs in the regular classroom.

				Since students don’t all learn at the same rate, it is important to consider the pacing of math, science, and technology instruction when figuring out the differentiated options. While building on group cooperation, you can provide different individual paths for learning math and science. When it comes to innovation, there is real power in coupling teamwork with individual accountability.

				By having the opportunity to collaboratively explore ideas, even unmotivated students tend to respond to appropriate challenges and enjoy learning about science and math. Flexible grouping and pacing, tiered assignments, performance assessment, and other factors associated with DI can inject fresh energy into math, science, and technology instruction.

				Teachers often find that it is a good idea to make sure students have access to more good ideas and problems than they can work on. This leaves more room for choice and serendipity; the ideas that have been set aside can inspire students to creatively rethink whatever it is they are focusing on. In a differentiated classroom, teachers often encourage students to bring ideas forward without fear of premature evaluation. Not every idea is good, but when students feel they aren’t being listened to, they tend to go silent.

				Students’ personal interests, learning profiles, and curiosity about a specific topic or skill are major considerations in differentiated problem-solving and inquiry activities. An added advantage to such an approach is that teachers often report that they enjoy teaching more (Sutman, Schmuckler, & Woodfield, 2008).

				Summary and Conclusion

				In school and in life, it is not always what you know that counts but rather how rapidly you can learn and if you can make good use of your imagination. Innovation is not magic and there really are ways to increase the odds that it will happen. Asking the right questions and dealing with things that are hard to predict (ambiguity) is a part of innovative behavior.

				In the differentiated math and science classroom, it certainly helps when teachers encourage a diversity of creative approaches that foster connection and conversation. Although it may be possible to get at these skills directly, it is often better to integrate them into the context of mathematical and scientific situations so that students see the relevancy of what they are learning.

				Teachers and students can profit by looking for specific problems and inquiry paths that are likely to prompt certain intellectual tools—allowing for the development of certain mathematical, scientific, and technology-connected ideas. Clearly, it is important for schools to encourage thinking skills and the kind of intelligence behavior needed to approach predictable and unpredictable problems.

				And it is usually important for students to efficiently finish what they start. But they need to know that there are times when an unsolvable problem simply gets left behind and fades into irrelevancy. At other times, 80 percent of a problem can be solved—and it isn’t worth the time or trouble to deal with the remaining 20 percent. Tenacity is a key to success, but obsession dissipates productive energy.

				When it comes to promoting creativity and innovation, working smarter can be better than working harder. Also, multiple experiences in different contexts, at different levels of complexity, seem to lend themselves to the development of an innovative spirit (Michalewicz & Michalewicz, 2008). Creativity and innovation can also be fostered by encouraging students to express themselves using multiple media—especially when learners engage in tasks that require open-ended problem solving, collaborative inquiry, and the application of reasoning skills.

				Some of the intellectual tools that support innovative mathematicians and scientists as they go about investigating the world are also appropriate for children and young adults. In addition, mathematical problem solving and scientific inquiry can motivate and encourage all types of students to ask thoughtful questions. The learning of math and science is further amplified when students comprehend the nature of these subjects and their relevance to their lives.

				This is helped along the way when students learn how to connect prior knowledge to observations and use evidence to increase their personal knowledge of how the world works. Differentiation comes into play because abilities related to problem solving, inquiry, and innovative approaches develop over time and at different rates.

				How do we make sure that schools build the investigative skills and the inventive habits of the mind associated with math and science into the daily classroom routine? Experience has shown that widespread changes in curriculum and instruction are most successful where there are good relationships among teachers, principals, and parents. Local school districts, policy makers, and professional associations are natural allies in the effort to differentiate and improve math and science instruction.

				But sometimes teachers have to proceed on their own. Rather than waiting for a compelling vision from on high, many educators have to write and make the final edit of their own narrative. Teachers have always been able to do a lot on their own, but systemic restructuring is easier and more sustainable when there is an arrangement for consultation between the major stakeholders.

				The future is not some place we are going to, but one we are creating. The paths are not to be found, but made, and the activity then changes both the maker and the destination.

				—John Schaar
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