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Modeling instruction is a new growing methodology for teaching science that was originally developed for high school physics.  In more recent years a curriculum has been developed in chemistry.  In a modeling curriculum there are two basic phases for each unit.  During the first phase the students develop a model for the current topic through observations and experiments.  At the beginning of the phase the teacher provides a phenomenon or discrepant event that allows students to make observations and prepare a plan to test their observations to understand the phenomenon.   There are some differences between a Modeling classroom and a traditional classroom that help in the development of a students conceptual development in some of the hardest to understand parts in chemistry.  
Introduction

Education is going through some major renovations.  Teachers use to be the informer, standing at the front of the room giving out information as the students sit idly by and try to absorb the information like a sponge.  Classrooms are now moving towards teachers taking seemingly much less of a role and focusing more on students.  The teacher now becomes a facilitator of the information instead of the one that has all the information. Modeling instruction has been developing over the past few years in physics.  There are generally two phases of modeling, the first phase is the introduction into the topic and the second phase is the development of the ideas. (Hestenes, 1996)  Modeling is designed to move away from lecture, which tends to develop the lower order thinking skills and improve the higher order thinking sills of students. (Zoller, 1993)  

More recently there has been an attempt to develop a modeling instruction curriculum in chemistry.  The curriculum is the same for the most part, covering the same topics but there are variations as to how the material is presented.  One of the big differences is the order in which the materials are taught.  Traditionally, most high school teachers have the same order: energy and matter, atomic structure, bonding, periodic table, stoichiometry, solution, acids and bases, kinetics and equilibrium, redox, organic chemistry, and finally nuclear chemistry.  Modeling mixes it up a bit, seemingly following the history of chemistry development.  Modeling, for example, for the first semester looks at only Daltons model of the atom, atomic structure is not dealt with until the second semester of high school, a long stretch for most chemistry teachers.  This keeps the atom very simplistic and much easier for the students when dealing with and understanding chemical reactions.  Chemical reactions were first understood before protons, neutrons, and electrons so it does make sense that students could also discover them in the same manner.  

The order of topics is not the only difference between modeling and a traditional chemistry course.  Within each of the units there are different methods for presenting each topic.  Those differences are highlighted for the first semester of Modeling.  The second semester is still mostly under development.

Unit 1: Physical Property of Matter
It is important to recognize that there are three ways to teach chemistry: with atoms and molecules (microscopically or particulate), with sensory (macroscopically), and symbolically.  Most chemistry courses emphasize the symbolic.  This leads to little connections between everyday phenomena and the classroom.  By introducing the atoms and molecules into the instruction it automatically forces the students to use sensory and symbolism. (Gabel, 1993)  The story behind chemistry begins with the particle model.  Here we are able to define mass as the “amount of stuff”, to get the class moving.  Many of the students remember the definitions of mass, volume, matter, and density from earlier sciences.  A large problem soon arises when students are asked more deeply about density.  Students know the equation that has been driven into them that density is mass over volume, and can quickly refer to the density triangle, but do not really have a full understanding of what it means for one object to be more dense than another object.  A lot of this can be because teachers will say “mass per volume”, but do not thoroughly get into the meaning of “per”. (Arons, 1997) Modeling takes the students through worksheets that help students to understand that the size and arrangement of molecules determines the density.

Unit 2: Energy and the States of Matter- Part 1
The story then continues into a discussion of gases.  Again, there is a large emphasis on the particulate model beginning with a spray of perfume.  Students predict then observe what happens to the molecules after perfume has been sprayed into the air.  Students are required to draw a comic strip of the molecules over time.  This can be done as a before and after or just a before to predict and get an idea of student thoughts on molecular interactions.   After the perfume is sprayed it is important to get into a discussion as to how it occurs.  This, with a helpful website simulation, leads easily into the Kinetic Molecular Theory.  It is far more likely that students are able to actually understand the theory if they take part in the development of the theory.  Utilizing demonstrations and discussions also develops the students’ ability to think about chemistry. (Miller, 1993) Another demonstration can then be done for the students to define temperature.  This can be done with two beakers and food coloring.  One of the beakers has been in a refrigerator and another heated by a Bunsen burner.   Students are able to immediately see that the molecules spread out much faster in the warm beaker than in the cold beaker.  Students can then immediately determine a definition of the word temperature as the speed of the molecules.  Depending on if students have been previously been exposed to any physics they may or may not know that the kinetic energy of a molecule is directly related to how fast the molecule is moving.  In New York State it is important the students connect the two and understand that temperature is average kinetic energy.  

Throughout this unit the students continue to develop concepts that will lead to an understanding of the gas laws.  Students are led to understand how a manometer and barometer are used by competing molecules and the use of force to determine pressure. Once pressure is further understood it is now possible to look at the relationships between pressure, temperature, and volume.  Looking at these relationships through exploration, utilizing laboratory experiments or online simulations, students can graphically find the relationships between any two of those variables.   Once a graphical relationship has been found it is then possible find a mathematical relationship.  This can be done by comparing different student graphs and through classroom discussions, helping the students to make the results their own.  Now is when the students are able to develop what they have learned through various worksheets that require students to utilize these relationships.

Unit 3: Energy and the States of Matter- Part 2
Here is where temperature and heat begin to separate themselves.  Most teachers, in the early developmental years of students, have a difficult time discriminating between the terms “heat” and “temperature”. (Arons, 1997)  This can be easily remedied through demonstrations, such as two beakers with different amount of waters with equal size Bunsen flames, but one boils faster or a bucket of hot water compared to a drop of hot water.  The big problem that students tend to have is the understanding of the term energy.  Modeling tries to change how energy is understood.  Energy is defined in the dictionary as “a fundamental entity of nature that is transferred between parts of a system in the production of physical change within the system and usually regarded as the capacity for doing work”. (Energy, 2009)  Doing a simple “Google” search on the definition of energy will give you more simplistic answers that focus on the capacity for doing work and that there are different forms of energy. (Jones, 2009)  This can often be difficult to understand if the student does not have a definition of work, and how work applies to chemistry.  Modeling focus on the first part of the definition, by stating it is a “substance-like” entity that is present in all systems containing particles.  So, any change in energy is a change in the arrangement of particles in the system represents a transfer of energy from one form to another.   Another change from the traditional approach is from types of energy to forms of energy.  This can often be confusing to students when energy changes, say from potential to kinetic as an object falls.  It makes the appearance that potential and kinetic energies are different, when they are the same, just in different forms.  There is a similarity made between information, there are different ways to store information, but it is all the same in the end.  Here there are many ways to store energy, but it is all energy and can be transferred by heat, work, or radiation, but it is all energy.  The emphasis in chemistry is transferring energy by way of heat which can be observed by a change in temperature.  
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Students first learn how to track energy transfers using energy bar diagrams such as those shown in figure 1.  In this diagram all forms of energy are abbreviated with a capital E and the subscript denotes the form of energy storage where Eth is thermal energy, Ei is interaction energy, and Ech is chemical energy.  Notating each form with a capital E, keeps the uniformity within the concept of energy.  Energy does not change when the form changes.  Thermal energy is the energy directly related to the motion of the particles such as the temperature.  Interaction energy is the energy related to the arrangement of the particles, in other words the state of matter.  A substance that is a solid has less interaction energy than a substance as a gas because of the fewer attractions in the system.  The last form of energy storage is chemical potential energy, which is the energy needed to change the makeup of molecules; this is only dealt with during chemical changes and will not be discussed until later units.  What can be discussed now is the how energy has a part in simple everyday phenomena. The first example involves coffee cooling on a table top.  Initially, the coffee is very hot, but at the end has cooled off but remains a liquid.  A bar diagram would look similar to figure 2.  Students here are able to visually see the forms of energy storage change and where the energy flows from, in this case from the cup of coffee to the surroundings in the amount of Q.  Some students may also notice what will happen to the surroundings of the cup and may realize that the air or hand or table may increase in temperature, and this can be fully developed with other similar questions.  This then becomes useful while teaching what forms of energy are transferred during the change of phase diagrams.  Students may also be curious about the quantity of Q and leads easily into heat transfer equations.

Unit 4: Describing Substances

What is a mixture?  How is a mixture different than a compound?  How can we separate mixtures?  Is it possible to separate compounds?  Students are able to determine how to separate a mixture of salt, sand, and water.  Most students enter chemistry knowing full well the chemical formula of water is H2O, but what they do not know is why.  Simply hooking up a Hoffman apparatus and running some electrolysis the teacher can explain how the two gases are being separated.  The students will notice there is twice as much of one gas as the other it becomes possible to determine which one is hydrogen.  This leads to a discussion that there must be something electrical that holds the two elements together.  Very little is different in this unit than is done in a traditional classroom other than electrons are not yet discussed.  An activity is done with two pieces of scotch tape that show electrical interactions.  It is also possible to show the interactions between paper and aluminum foil showing the differences in the type of compounds.  During discussions of ionic compounds versus molecular compounds we know of those electrical interactions but again, electrons are not used.  It was known by Dalton that elements were able to form those simple whole number ratio compounds, but he did not know about electrons.  Students should be able to complete the unit with a knowledge of molecular compounds (not polar and non-polar covalent), ionic compounds, pure substances, and homogenous and heterogeneous mixtures.  They should also be able to name ionic and molecular compounds.  It is unusual to work with compounds at this time of the school year, but it is necessary to setup the upcoming units dealing with chemical reactions and stoichiometry.  

Unit 5: Counting

It is not a chemistry course without a discussion about the mole.  The discussion here begins with a large bag of Styrofoam peanuts.  They are asked if anyone wants to stay after school and count them.  Of course no extra credit will be given, but a few will realize that it is possible to mass some of them, then mass all of them and then they will know how many are in there.   This can then be compared to the counting of particles by holding up a 22.4L box full of gas.  How do we know how many particles are in here.  A full discussion can go into comparing a mole to a dozen and the magnitude of 6.022x1023 but ultimately how small in volume the number is when we are talking about molecules.  This is the unit students learn about gram formula mass, percent composition, and empirical formulas.  It is important throughout the unit that the teacher does not simply lecture the students on these topics.  Participation will help the students to stay motivated and will help improve performance.  (Ward & Bodner, 1993)
Unit 6: Representing Chemical Change

The start of this unit actual begins during the review of the previous unit with an incredibly simple lab.  It is a three day laboratory activity called the Nail Lab.  On day one students mass some copper II chloride and dissolve it in some water.  They then mass three iron nails and place them in the solution.  Immediately upon placing the nails in the solution the students can see an orange color forming around the nails.  Students believe this is the nails rusting, but through discussion later they realize without oxygen it cannot be rust.  After the other two days of the lab the students come to realize that the copper and the iron switched places in the beaker.  This then leads to types of reactions that take place.  To finish off the lab students first come up with a balanced chemical reaction and see the importance of having the same number of molecules in both the reactants and products side of the reaction.  It is then important for the students to have practice balancing reactions, using bingo chips really helps with a majority of students.  Another tool that can be very useful is a SMARTboard™.  This is very similar to having magnets representing atoms on the blackboard but on a SMARTboard™ it is very easy to clone molecules and atoms.  It makes the visualization of balancing chemical reactions very obvious, aiding greatly in the students’ conceptual development of a balanced chemical reaction.  It is important for students to follow through with these problems and for the teacher to take a back seat.  Having the student struggle a little helps them to learn from the path they have taken. (Bodner & Domin, 2000)
After a clear development of balancing reactions, attention can go back to the types of reactions.  Another activity can be done looking at the different types, again focusing on conceptual understanding, not on memorizing the types of reactions.  This approach has far more benefits in learning the material than trying to lecture and have students memorize the same material. (Ward & Bodner, 1993)
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The last part of unit 6 involves the energy used in a chemical reaction.  Now there is a transfer between thermal energy and chemical potential energy.  There is also the need for an intermediate bar graph, like that in figure 3.  At this point in the development it is not necessary to identify anything about activation energy, which will be discussed later during kinetics.  During an endothermic reaction the overall reaction with have an increase in chemical potential energy, similar to that in figure 4.  This diagram does not tell the entire story, just as the traditional diagram in figure 5 lacks important information about the reaction.  Thermal energy is left out of both of these diagrams.  Thermal energy is a large part of a reaction, considering that it is temperature that often determines if a reaction is endothermic or exothermic.  It is important for students to recognize the importance of increasing the number of collisions and the effectiveness of those collisions and how they are affected by temperature.  During an endothermic, it feels cold, so therefore it is heat is going into the reaction, before the reaction can take place similar to figure 6.  This then allows the reaction to transfer the energy from thermal to chemical potential, as in figure 7 for a complete reaction shown in figure 8.

This method allows for students to conceptually develop an understanding for how a reaction actually proceeds.  An exothermic reaction proceeds in an opposite manner.  Chemical potential energy will decrease over the length of the reaction and thermal energy will leave the system in the form of heat and will look similar to figure 9.  Again, students are able to better visualize what happens throughout the reaction, including what happens with thermal energy.  All of this will be developed more through practice problems and discussion.  Another addition Modeling adds to the classroom is the use of whiteboards.  These boards can be as simple as white tile from a home repair store.  The main advantage of whiteboards is to give students a canvas to express what they have learned and their thoughts on particular problems.  It is also an aid to discussions that students can refer to as they present a problem. (MacIsaac)  Teachers also have the opportunity to get a better insight into student thoughts, and can adjust the lessons accordingly.   Students at this point should have a good enough grasp of the proper use of whiteboards, and will be able to greater develop the important concepts as they discuss these problems as a class on the whiteboards.

Units 7 and 8: Stoichiometry-1,2

Students now have learned how to count molecules and they also know the importance of a balanced reaction.  What will happen in this unit will be combination of the previous two units, focusing on solids, dealing with liquids in gases in the second part of stoichiometry in unit 8.  A very recent addition to equilibrium problems has been the use of ICE tables.  These tables can be used to help organize given information and calculations for problems involving equilibriums, where I represents the Initial amounts, C is the change, and E is the equilibrium amount.  Modeling takes the same idea and applies it to stoichiometry with a BCA table.  In this case B stands for Before the reaction, C is again the Change of the reaction, and finally A is after the reaction.  The tables are designed to help make the arithmetic more visual and therefore easier to manage.  Students tend to struggle with determining molar ratios as well as multi-step problem solving. Stoichiometry requires the students to not only determine a ratio and make sense of it, but also must convert between units.  The use of these tables helps the students to slow down and attack each individual problem at a time, increasing the likelihood of solving the problem correctly. 

Once a student has increased their ability to deal with simple stoichiometric relationships in unit 7, they move on to more stoichiometry in unit 8.  Now they become more complicated with the addition of gases.  Now students must be aware that one mole of a gas takes up a volume of 22.4L as well as remember there are 6.022x1024 molecules in a mole.  These two number represent more difficulty for students to convert between. If the students continue through the BCA table it will again make help organize and help keep track of what needs to be found.  Now there are even more steps that the students are required to take to get to those extra two conversions, so there is a greater need for students to be organized while dealing with these problems.

Conclusion:

There is a design in Modeling to have a larger amount of inquiry based instruction.  Students get a better opportunity to utilize prior knowledge either to change or continue to learn based on that knowledge.   Students are also given the opportunity to talk and discuss and become part of a science community while reflecting on their scientific practice.  All of these opportunities will help students in their overall goal in learning science. (Stewart, Cartier, & Passmore, 2005)  Giving the students an opportunity to discuss their results with each other gives them a sense of ownership, helping them to know and remember the concepts.  The hardest part as a teacher is in stepping back and allowing them to discuss, without too much teacher intervention.  This is not only hard as a teacher, but also as a student.  It is important for the teacher to monitor frustration levels of the students and occasionally inject questions that do not give answers, but allow the students to see what is to be done next while solving problems.  Students often enter the classroom having been in many other classes where the teacher stood at the front of the room and gave them the information.   This type of classroom is a large change for them and creates easy frustration.  It is the teacher that must control this frustration, not by giving the students what they want but by asking them the questions that they can then use to determine the next stage in the process.  

Modeling in physics has shown a great increase in understanding of conceptual knowledge. (How Effective is Modeling Instruction?)  These results can be found in chemistry as well, by changing the way teaching is done.  Modeling is not the only way, but is compatible with other new instruments out there such as POGIL (Process Oriented Guided Inquiry Learning), another way to implement inquiry into the classroom and challenge students to think critically.
Modeling also provides much better conceptual knowledge.  Students are now looking at the particle model in every part of the course.  This will help aid the development of the content.  If the students are able to better visualize what happens to the molecules of a gas as pressure decreases and volume remaining constant, they can understand what will happen to temperature.   Memorizing equations does not help them down the road because it is not an example of what they truly know and understand. It is important for students to work together and explore chemistry, to have a better grasp and truly understand, and hopefully enjoy chemistry.
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