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Abstract. This paper describes the similarities between The Thoughtful Classroom and the Modeling Method of Physics instruction.  The Modeling Method is incorporated into The Thoughtful Classroom Unit Design through steps in the modeling cycle.  The idea is to integrate both methods of instruction to maximize the benefits of both.  In the lesson described students develop graphical models by exploring the period of a pendulum using tools and strategies from The Thoughtful Classroom, like Compare and Contrast.  
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The Thoughtful Classroom is a professional development organization designed to help teachers to be more “thoughtful” in the classroom in terms of adhering to the needs of all students (Silver and Strong, 2004).  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 Modeling Method of Physics instruction shares similar goals.  The Modeling Method aims to make learning physics more meaningful for students by correcting weaknesses that are ignored by a more traditional lecture method (Hestenes, 2006).  Modeling guides students in the development, and use, of basic models that help to explain scientific phenomena.  The Thoughtful Classroom is designed around the concept of keeping teaching and learning simple and deep which is what the Modeling Method does.  This paper will incorporate the Modeling Unit Scientific Thinking in Experimental Settings into The Thoughtful Classroom Unit Design.  The development of graphing skills and the understanding of how equations are derived will be the main focus and what is used to show similarities between the two methods of teaching.  

The Hidden Skills of Academic Literacy


Through their many years of research Silver, Strong & Associates have compiled a set of 12 skills that they believe underlie student success.  They have grouped these skills into 4 categories: Reading and Study Skills, Reflective Skills, Thinking Skills, and Communication Skills.  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 (Silver and Strong, 2006).  Many of these skills are very similar to the skills that the Modeling Method tries to develop in students to better help them understand physical concepts (Figure 1).  The Modeling Unit that will be analyzed in this paper is designed to build skills such as reading and interpreting visual displays of information.  This can be done by engaging students in a hands-on activity that has them exploring the variables that affect the period of a pendulum.  This seemingly basic activity teaches students fundamental skills that will help them to construct scientific models in all topics of physics.

Figure 1- The Hidden Skills of Academic Literacy (Silver, Strong & Associates, 2006).
	Reading and Study Skills
	Reflective Skills
	Thinking Skills
	Communication Skills

	· Read and interpret visual displays of information
	· Construct plans to address questions and tasks
	· Draw conclusions; make and test inferences, hypotheses, and conjectures

· Conduct comparisons using specific criteria
	· Write clear, well-formed, coherent explanations in all content areas




Research Based Strategies

The Thoughtful Classroom uses a set of instructional strategies that have been proven to build critical thinking skills, engage students, and increase knowledge of content (Marzano, Pickering, and Pollock, 2001).  Strategies that correlate well with the Modeling Method are listed in Figure 2.  The Modeling Method of teaching physics also focuses on engaging students through a series of steps organized into the modeling cycle (Wells, Hestenes, Swackhamer, 1995).   The modeling cycle is a student-centered instructional design.  It 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 (Dukerich, 2006).   Each part will be discussed in more detail as it is incorporated into The Thoughtful Classroom Unit Design.  

Figure 2- Research Based Strategies (Silver Strong & Associates, 2006).
	Mastering Content
	Reasoning and Critical Analysis
	Exploring and Synthesizing Ideas
	Collaborating and Personalizing Learning

	· Interactive Lecture
	· Compare and Contrast

· Inquiry/Mystery
	· Metaphorical Expression
	· Cooperative Learning


The Thoughtful Classroom Unit Design


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 research based strategies and hidden skills of academic literacy.  The Thoughtful Classroom Unit Design arranges specific lessons or activities into a “blueprint” format, which uses the functions of different rooms in a house as a metaphor for specific aspects of a unit (Figure 3).  Each step in the Modeling Cycle can be compared to each room in The Thoughtful Classroom Blueprint.  

Figure 3- The Thoughtful Classroom Curriculum Design “Blueprint” (Silver Strong & Associates, 2008).
	
	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.


	


Incorporating the Modeling Method with The Thoughtful Classroom
FOYER


The beginning steps of a lesson or unit are called the Foyer.  Here 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 (Dukerich, 2006).  For investigating the period of a pendulum the instructor can carry out this step by allowing three different pendulums (varying in length of string and mass) to hang at the front of the room.  Students should observe as all are set in motion.  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.  Here students are given an objective but not told how to carry it out.  The Modeling Method requires students to collaborate in small groups to plan and carry out their own individually designed experiment.  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.  Again, these fundamental skills will be used over and over again in all physics units.  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 each variable in question.


The Library is conceptually where the “teaching” takes place.  Although the Modeling Method is a student-centered form of instruction the teacher does still play an important role.  The teacher must be aware of the common misconceptions of introductory physics students and design questions to bring these misconceptions to light.  Instead of direct instruction the teacher asks questions of students in order to guide them toward the correct understanding of concepts.  During this modeling cycle step the teacher does not directly tell the students how to investigate each variable but acts more as a mediator for group planning (Wells, Hestenes, Swackhamer, 1995).  

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.  Investigating the period of a pendulum is a good introductory experiment to use for this.  The students will develop and record findings in data tables.  They should also be required to graph, by hand without the aide of graphical analysis software, the relationships they are exploring.  Students will find that only one variable, the length, actually affects the period of a pendulum.  This process falls under the Analysis of Experiment step in the modeling cycle.  Graphing their data allows students to analyze and summarize their results. 

In analyzing this experiment students are asked to derive a formula for the period of a pendulum using the straight-line formula y = mx + b.  Students are taught how to linearize graphs using Unit 1 Reading- Graphical Methods (Dukerich, 2006).  After students have linearized the period vs. length graph they now determine the slope of the line.  Once students have found the slope of their graphs they now have a workable equation that they can use with any pendulum.  Group results will be presented in the next step.  In conclusion to learning linearization students can receive more practice in interpreting graphs as they complete a Compare and Contrast worksheet (Silver, Strong, Perini, 2007) on different graphical relationships (Figure 4).   The Compare and Contrast strategy fits in perfectly with the Modeling Method of teaching physics.  In Figure 4 students are asked to compare and contrast different aspects of a hyperbolic graph, top-opening parabola, and side-opening parabola.  Too often with physics student learning processes get sidetracked because of the abstractness of the content.  This strategy is designed to deepen student understanding by using the natural human act of making comparisons (Silver, Strong, Perini, 2007).  

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 (Dukerich, 2006).  As part of the Analysis of Experiment step mentioned above, students should have prepared a whiteboard that summarizes their data, shows a graphical representation, and a conclusion.  The teacher will then select groups to present their findings.  The teacher’s role now is to manage scientific discourse, or discussions, between students (Hestenes, 1996).  Student engagement in scientific discourse is a very important step within the Modeling Method.  It requires students to use models to construct arguments and justify their findings.  Discourse consists of students engaging in scientific discussions with each other to help develop scientific ideas.

During this part of the lesson students can assess their period of a pendulum equation by testing it out on a pendulum that has an unusually long string length.  Students have developed a model and now have the chance to implement their model.  This can easily be done by hanging a pendulum down a stairwell, let it swing, and have students time the period.  It will surprise students to see how accurate their equations may be.  

PORCH


The Porch is the part of the lesson where students take a step back to reflect on what they have learned and accomplished.  It has been found that student learning improves when students are reflective about their learning (Swada and Pilburn, 2000).  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? - students summarize the main idea of the lesson, (2) So what? - 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.  Lastly question (3) Now what? - 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.  They may be asked to explain how a pendulum clock works.  Figure 5 is an example of a What? So What? Now What? worksheet that students can fill out for this particular unit.


The Thoughtful Classroom and The Modeling Method are both based around a similar concept- to steer away from traditional lecture-based lessons.  Many teaching strategies that are seen in both instructional methods have proven to be very effective in improving student understanding.  For in physics instruction, the Reformed Teaching Observation Protocol (RTOP) evaluates teaching by looking for 25 specific teaching practices (Swada and Pilburn, 2000).  Many of the 25 teaching practices can be seen within both instructional methods specifically cooperative learning, student engagement and student reflection.  Incorporating The Thoughtful Classroom instructional methods with The Modeling Method (Figure 6) will further enhance student understanding by implementing lessons that are both “thoughtful” and student-centered. 

Figure 4- 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 (Dukerich, 2006) 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 5- What? So What? Now What? Used 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?

	
	FOYER

(Knowledge Anticipation)

· Qualitative Description

· Identification of variables

· Factstorming


	

	WORKSHOP

(Practice)

· Laboratory experiment

· Analysis of experiment

· Extrapolation and reinforcement

· Compare and Contrast
	LIBRARY

(Knowledge Acquisition)

· Planning for the experiment

· Mystery Strategy


	PORCH

(Reflection)

· Generalization

· What? So What? Now What?

	
	KITCHEN

(Assessment)

· Presentation of experimental results


	


Figure 6- Modeling Cycles Integrated into The Thoughtful Classroom Curriculum Design.
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