Using The Thoughtful Classroom Design to reinterpret a Modeling Unit


The Thoughtful Classroom is an organization founded by Harvey Silver and Richard Strong that is designed to help teachers be more “thoughtful” in the classroom in terms of adhering to the needs of all students.  Silver, Strong & Associates have created this program based on the following three concepts: 1) keeping it simple and deep, 2) making students as important as standards, and 3) integrating learning styles and multiple intelligences.  The word “thoughtful” within The Thoughtful Classroom is intended to have two meanings.  The first simply represents the main role of cognition in learning.  The second meaning however, focuses more on ones feelings toward learning.  The main goals for this Thoughtful Education initiative are for all students to learn thoughtfully and well, to have thoughtful teaching in every classroom, and to have thoughtful leadership within schools and school districts.  The Thoughtful Classroom sits on top of five specific pillars: Pillar I- Researched Based Strategies, Pillar II- Diversity That Works, Pillar III- The Hidden Skills of Academic Literacy, Pillar IV- Classroom Curriculum Design, and Pillar V- Instructional Learning Teams.  This paper will discuss each Pillar and how the three previous concepts are used to create a Thoughtful Classroom.  It will also incorporate a graphing Modeling unit into Pillar IV- Classroom Curriculum Design.

Pillar I: Research Based Strategies


The first Pillar at the base of The Thoughtful Classroom deals with a set of instructional strategies that have been proven to build critical thinking skills, engage students, and increase knowledge of content.  Robert Marzano, Debra Pickering, and Jane Pollock (2001) designed a comprehensive study that researched teaching strategies and their effect on student learning.  From this study they have identified 16 strategies that if used regularly, and correctly by teachers, will result in deeper learning (Figure 1).  These strategies and tools are fully described in Tools for Promoting Active, In-Depth Learning (Silver, Strong, and Perini, 2001), and The Strategic Teacher: Selecting the Right Research-Based Strategy for Every Lesson (Silver, Strong, and Perini, 2007).  

Figure 1- Research Based Strategies

	Mastering Content
	Reasoning and Critical Analysis
	Exploring and Synthesizing Ideas
	Collaborating and Personalizing Learning

	· Interactive Lecture

· Vocabulary Tool Kit

· Direct Instruction

· Do You Hear What I Hear?
	· Compare and Contrast

· Reading for Meaning

· Inquiry/Mystery

· Concept Attainment
	· Write to Learn

· Inductive Learning

· Metaphorical Expression

· Extrapolation
	· Cooperative Learning

· Reciprocal Learning

· Graduated Difficulty

· Circle of Knowledge


Pillar II: Diversity That Works


Pillar II addresses the very basic fact that not all students learn in the same way.  Silver, Strong, and Perini (1997, 2000) have developed a set of four learning styles that they have integrated with Howard Gardner’s Multiple Intelligences.  They believe that by integrating learning styles with multiple intelligence theory it will maximize the benefits of both, allow teachers to meet state, and national standards, and cater to diverse student learners.  

Multiple Intelligence theory focuses on the content of learning with 8 specific preferences of study.  According to Gardner (1983, 1999) the 8 multiple intelligences are Verbal-Linguistic, Logical Mathematical, Spatial, Bodily-Kinesthetic, Musical, Interpersonal, Intrapersonal, and Naturalist.  Each intelligence identifies what an individual is most sensitive to, what they enjoy doing, and abilities they favor.  For example, an individual that favors a Logical-Mathematical intelligence is sensitive to patterns and numbers.  They typically enjoy finding patterns and making calculations and have the ability to reason effectively.  Identifying students’ multiple intelligences will only tell teachers what students like to learn but not how they learn best.  This is why Silver and Strong have taken this a step further and incorporated research based student learning preferences.  

Carl Jung (1923) has identified different kinds of personalities that individuals can exhibit.  These personalities are based on two basic cognitive functions: perception and judgment.  Individuals can perceive information in one of two ways: concretely through sensing or abstractly through intuition.  We can also judge information in one of two ways:  through the logic of thinking or the subjectivity of feeling.   Knowing this information about students can help teachers focus on how students learn best.  Silver, Strong, and Perini have combined these four basic cognitive functions to form a process-oriented learning-style model as depicted in Figure 2.  Silver, Strong, and Perini have found that the approximate percentages of each learning style for the general public are: Mastery- 35%, Understanding- 18 %, Self-Expressive- 12%, and Interpersonal- 35%.

Silver, Strong, and Perini (1997) have integrated their learning-style model with multiple intelligences by doing the following: 1) they described learning processes and abilities for each of their learning styles for each of Gardner’s multiple intelligences, 2) they listed examples of careers that individuals would most likely excel in given their multiple intelligences and learning-style, and 3) they listed several different assessment tools that can be used with students based on their multiple intelligences and learning-style.  An example of this integration is depicted in Figure 2.  

The Thoughtful Classroom is designed to tap into each students learning style.  The Thoughtful Classroom has a learning style instrument called the Learning Style Inventory for Students.  Students can take this survey and it will identify what specific learning styles they favor.  A report is then generated for the student and the teacher explaining information like student learning preferences.   This provides teachers with a way of knowing how each and every one of their students learns best.  From here teachers can be more “thoughtful” in creating lessons that are more diverse and thus reach each student.  The Thoughtful Classroom provides teachers with training, texts, and portfolios that are aimed at helping teachers to be more diverse in the classroom.  Teachers learn tools and strategies that have been proven to work.  In keeping with the concept of “keeping it simple and deep” The Thoughtful Classroom is constructed out of resources and techniques that most teachers already possess.  The only difference is that these techniques and strategies have been identified to be more favorable for certain learning-styles.  Teachers that want to cater towards a specific learning-style now know which strategies will help them do that.  

Figure 2- 

	Psychological Preferences
	The Thoughtful Classroom Learning Style Model
	Description of the Learner
	Learner Strengths
	Learning Style Integration for Logical-Mathematical Intelligence

	Sensing-

Thinking 


	Mastery 

Style
	Realistic, Practical, and Matter-of-Fact
	Prefer:

step-by-step directions, assignments that have right or wrong answers rather than open-ended answers
	Ability to use numbers to compute, describe, and document

	
	
	
	
	Favorable Careers: accountant, bookkeeper, statistician

	Sensing- 

Feeling


	Interpersonal 

Style
	Sociable, Friendly, Interpersonally oriented
	Prefer:

learning about things that directly affect peoples lives, to work with other students
	Ability to apply mathematics in personal and daily life

	
	
	
	
	Favorable Careers:

tradesperson, homemaker

	Intuitive-Thinking


	Understanding Style
	Theoretical, Intellectual, Knowledge-oriented
	Prefer:

to think things through for themselves, to break things down and look for logical relationships
	Ability to use mathematical concepts to make conjectures, establish proofs, and apply mathematics and data to construct arguments

	
	
	
	
	Favorable Careers:

computer programmer, scientist

	Intuitive- 

Feeling


	Self-Expressive Style
	Curious, Insightful, Imaginative
	Prefer:

activities that allow them to use their imaginations, to find their own solutions
	Ability to be sensitive to patterns, and to solve problems in design and modeling

	
	
	
	
	Favorable Careers:

engineer, inventor, designer


Pillar III: The Hidden Skills of Academic Literacy


The third Pillar is based on many years of research where Silver, Strong & Associates have collected and analyzed test information from 38 states across the country.  Although these tests came from different states, content areas, and grade levels, they found a similar set of 12 skills that each test was assessing.  The Thoughtful Classroom calls these skills The Hidden Skills of Academic Literacy.  Silver, Strong & Associates believe that student success lies within the development of these skills.  They have grouped these skills into 4 categories: Reading and Study Skills, Reflective Skills, Thinking Skills, and Communication Skills (Figure 3).  They have found that teachers who have designed instruction around the acquisition of these skills had more time and flexibility to select content and develop assessment tools. All while students are kept actively engaged in learning.

Figure 3- The Hidden Skills of Academic Literacy- Silver, Strong & Associates.

	Reading and Study Skills
	Reflective Skills
	Thinking Skills
	Communication Skills

	· Collect and organize ideas through note-making

· Make sense of abstract academic vocabulary

· Read and interpret visual displays of information
	· Construct plans to address questions and tasks

· Use criteria and guidelines to evaluate work in progress

· Control or alter mood and impulsivity
	· Draw conclusions; make and test inferences, hypotheses, and conjectures

· Conduct comparisons using specific criteria

· Analyze the demands of a variety of higher-order thinking questions
	· Write clear, well-formed, coherent explanations in all content areas

· Write comfortably in the following nonfiction genres: problem/ solution, decision making, argument, comparative

· Read and write about two or more documents


Pillar IV: Classroom Curriculum Design


Pillar IV discusses the use of a “blueprint” for designing unit lessons.  Silver, Strong & Associates have used their 30 years of research and experience to develop their own model for designing thoughtful units.  This blueprint for unit design takes into account the importance of the previously mentioned Pillars- research based strategies, hidden skills of academic literacy, and diversity.  They have provided teachers with steps to help them design strategic units.  These same steps will be used to re-design a Modeling unit on Graphing.

Silver, Strong & Associates’ first step is to identify the purpose of the unit. They recommend that each teacher create a Learning Window, which contains a series of questions to help teachers identify the key knowledge, understanding, skills, and attitudes expected from students.  A Learning Window is composed of 4 basic questions: 1) Knowledge- What information do you want students to know and remember? 2) Understanding- What big ideas, generalizations, and principles do you want students to discover, explain, and prove? 3) Attitudes- What habits, behaviors, and appreciations do you want students to exhibit? and 4) Skills- What academic and learning skills do you want students to develop and perform? 

The second step is to create essential questions that will be used as a tool for the teacher to gauge student understanding.  Different types of questions should be created.  Some questions should be designed so that they can be asked throughout the entire unit.  Some should be designed to spark interest in the topic at the beginning.  The third step is to establish a form of assessment for the unit.  The Thoughtful Classroom recommends using both summative and formative types of assessments.  The next step is to arrange specific lessons or activities into the “blueprint” format, which uses the functions of different rooms in a house as a metaphor for specific aspects of a unit (Figure 4).

Figure 4- The Thoughtful Classroom Curriculum Design “Blueprint”.

	
	FOYER

(Knowledge Anticipation)

· Introducing the unit/lesson.

· Activating students’ prior knowledge.

· Sparking student interest in the unit.


	

	WORKSHOP

(Practice)

· Giving students opportunity to practice what they have learned.


	LIBRARY

(Knowledge Acquisition)

· Providing students with information, facts, ideas, and concepts.


	PORCH

(Reflection)

· Reflecting on what students have learned.

	
	KITCHEN

(Knowledge Application)

· Assessing student understanding through summative and formative assessment tools.


	


Pillar V: Instructional Learning Teams


The last Pillar that holds up The Thoughtful Classroom deals with a community of teachers and administrators designed to aid each other in the process of implementing strategies and tools associated with The Thoughtful Classroom.  Essentially teachers regularly meet in small groups to discuss the tools and strategies they have used in their classrooms.  They discuss what worked and what didn’t, and how to improve strategies.  Teachers may even create new tools and strategies to use.  

Modeling Theory for Physics Instruction


David Hestenes, of Arizona State University, designed the Modeling Method of instruction for teaching physics back in 1980.  Past research in traditional lecture methods of physics instruction has shown a serious deficiency (Hestenes, 1987).  The Modeling Method is designed to correct such deficiencies and weaknesses like fragmentation of knowledge, student passivity, and misconceptions about the physical world (Wells, Hestenes, and Swackhamer, 1995).  In the Modeling Method of teaching physics students are actively engaged in learning and try to create models to describe and explain physical phenomena.  The Modeling approach organizes physics content around a small number of basic models.  Students then use these models to help them explain, predict, and design experiments.  The framework for this type of instruction is The Modeling Cycle, which is a series of steps that engages all students in learning.  The Modeling Cycle is designed after a preexisting concept created by Robert Karplus, the Learning Cycle.  The Modeling Cycle is broken down into two parts: model development, where students begin to develop a model through experimentation, and model deployment, where the model is put into practice and extended upon by the teacher.  A complete description of each cycle is found in the Teacher’s Manual provided during the Modeling Workshop Project 2006.  

Integrating the Modeling Method with The Thoughtful Classroom


In being trained in both instructional methods I noticed similarities between The Thoughtful Classroom “Blueprint” and the Modeling Cycle.  In being consistent with the theme of being “thoughtful” I wanted to integrate both methods as to maximize the benefits of both in the classroom.  Each step in the Modeling Cycle can be compared to each room in The Thoughtful Classroom Blueprint (Figure 5).  This blueprint will be used to reinterpret the Modeling unit entitled Scientific Thinking in Experimental Settings.

FOYER


During this part of a lesson, or unit, students are introduced to the topic.  This is typically where a hook is used to draw students in.  The Qualitative Description step in the Modeling cycle fits well into this room because it also sets up the lesson by introducing what phenomenon is to be modeled and provokes thinking.  As suggested by the Teacher’s Manual, for the Modeling unit being re-designed, the instructor can carry out this step by allowing two different pendulums to hang at the front of the room.  The teacher can then use a tool called Factstorming (Silver, Strong, Perini, 2001) to split students up into groups and have them come up with variables that affect the swinging of a pendulum.  Once students have had a few minutes to discuss this in their groups they then share with the class.  During the sharing of variables the teacher records all ideas on the board and then strategically asks questions to eliminate factors that would not work.  The remaining variables should include the length of the string, the mass of the bob, and the amplitude of the swing.  This last process is the Identification of Variables step in the Modeling Cycle.

LIBRARY


During this part of the lesson students acquire knowledge to help them with the content of the unit.  They can do this by independent and group research.  Within the Modeling Cycle the Planning for the Experiment step fits into this room.  This can effectively be done by using the Mystery strategy (Silver, Strong, Perini, 2007).  The teacher poses a question like, “Which variables affect the swinging of a pendulum?”  As students are seeking a solution to this question they are developing specific skills like data collection and data interpretation.  The teacher can again split students up into groups in order to have them design an experiment to correctly identify which variables affect the pendulum.  Each group will set up, test, record, and graph their findings for a different variable.  Each group is trying to solve the mystery by testing one of the variables. 


Since this unit is typically one of the first units taught, it is also customary for students to learn about significant figures.  The Modeling Unit provides students with a reading in order for them to learn this information (Unit 1 Reading: Significant Figures).  Using the Reading for Meaning strategy (Silver, Strong, Perini, 2007) for this reading will help students to synthesize what they have read and apply it to sample problems.  Students read the article and then complete a Reading for Meaning organizer (Figure 6).  They read each statement on the organizer and decide if they agree or disagree with the statement.  They then must use the information in the reading to provide proof for or against their decision.  

	
	FOYER

(Knowledge Anticipation)

· Qualitative Description

· Identification of variables

· Factstorming


	

	WORKSHOP

(Practice)

· Laboratory experiment

· Analysis of experiment

· Extrapolation and reinforcement

· Unit 1 Worksheet 1: Graphing Practice

· Compare and Contrast
	LIBRARY

(Knowledge Acquisition)

· Planning for the experiment

· Mystery Strategy

· Unit 1 Reading- Graphical Methods

· Reading for Meaning- Significant Figures


	PORCH

(Reflection)

· Generalization

· What? So What? Now What?

	
	KITCHEN

(Assessment)

· Presentation of experimental results

· Gallery Walk

· Unit 1- Quiz 1

· Unit 1- Quiz 2

· Unit Tests


	


Figure 5- Modeling Cycles Integrated into The Thoughtful Classroom Curriculum Design.  Also refer back to Figure 4 for descriptions of what should be included in each room.

WORKSHOP


The workshop is the part of the lesson where students practice what they have learned.  The Laboratory Experiment step of the Modeling Cycle fits into this room.  Here students practice laboratory skills such as recording data and graphing.  For the Modeling unit, each group is testing a different variable to see how it affects the swinging of a pendulum.  It is designed this way so each group finds a different relationship with their variable.  In the Workshop students should also be required to graph, by hand without the aide of graphical analysis software, the relationships they are exploring.  This process falls under the Analysis of Experiment step in the Modeling Cycle.  Graphing their data allows students to analyze and summarize their results.  Students are then required to display their end product on a whiteboard and prepare to present their findings to the class.  Towards the end of this unit students can review and receive more practice in interpreting graphs as they complete a Compare and Contrast worksheet (Silver, Strong, Perini, 2007) on different graphical relationships (Figure 7).  This worksheet was originally part of the Modeling unit and was altered to fit the Compare and Contrast style.

KITCHEN

This part of the lesson is where the assessment takes place.  Here students should be demonstrating the knowledge that they have just acquired during the Library and Workshop phases.  The Presentation of Experimental Results step of the Modeling Cycle fits well into this phase of the lesson.  This is a type of formative assessment where each member of each group participates in presenting their findings to the class.  The teacher plays an important role in this step by asking carefully crafted questions that are designed to elicit full explanations and bring out misconceptions.  

Another way for students to present information is through a version of a Gallery Walk (Silver, Strong, Perini, 2001).  This is a great tool for presenting and encourages students to get up and move around.  As in the Analysis of Experiment step mentioned above, students should prepare a whiteboard that summarizes their data, shows a graphical representation, and a conclusion.  Each group then displays their whiteboard and then travels around the room to all other groups whiteboards to discuss and evaluate the findings.  In doing so students should make note of any questions or concerns they may have about the findings.  After each group has got a chance to review each whiteboard the class comes together as a whole to discuss and reflect.  

PORCH


The Porch is the part of the lesson where students take a step back to reflect on what they have learned and accomplished.  The Generalization step of the Modeling Cycle goes well here because in this step students reflect upon the model they have just developed and extend that model to also help explain broader phenomena.  A great way for students to reflect on what they have learned yet also get them to apply it to other topics is by having them complete a What? So What? Now What? (Silver, Strong, Perini, 2001).  Students answer three basic questions: (1) What did they just learn?  Here students summarize the main idea of the lesson, (2) So what?  Here students reflect upon their learning experience.  This step is important for physics students to do in order for them to understand how their thinking of a certain natural phenomena has changed and developed during the lesson, (3) Now what?  Here students consider ways to extend what they have just learned.  In the case of Modeling, students could contemplate how to apply a model to different situations.  Figure 8 is an example of a What? So What? Now What? worksheet that students can fill out. 

Figure 6- Reading for Meaning organizer for Significant Figures.

	Proof For
	Agree
	Statement:
	Dis-

Agree
	Proof Against

	
	
	1. The zeros in the following number are not considered to be significant: 7009


	
	

	
	
	2.  The measurement 4560 km has only 3 significant figures.


	
	

	
	
	3.  In adding together the following numbers their sum has the correct number of significant figures:

          27.99 cm

          17.01 cm

          1.223 cm

          10.00 cm

sum= 56.22 cm


	
	

	
	
	4.  In multiplying together the following numbers their product has the correct number of significant figures:  

66.45 cm x 2.00 cm x 48.2 cm=

6410 cm3
          
	
	

	
	
	5.  In dividing the following numbers the quotient has the correct number of significant figures:

149.6 m ÷ 5.0 s =

29.92 m/s


	
	


Figure 7- Compare and Contrast table designed to help students analyze graphs.  The contents of this worksheet originally came from the Teacher’s Manual for Modeling Instruction and have been modified.
	Graphical Shapes

	Hyperbolic (Inverse)
	Top-opening Parabola
	Side-opening Parabola
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	Differences

	Written Relationship

	
	
	

	Modification Required to Linearize

	
	
	

	Algebraic Expression

	
	
	


Figure 8- What? So What? Now What? to reflect upon on a Modeling Unit on graphing.


What? So What? Now What?

What have you learned about graphing and graphical relationships during this lesson?


So, what did you know about graphical relationships before this lesson?  Would you have been able to determine the shape of a graph by looking at an algebraic equation?  Do you feel comfortable doing it now?


Now what?  For what other areas of physics do you think graphing is important?  How can graphing help you in everyday life?
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