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Theory in Motion
A lesson in chemistry concerning the bonding of elements consists of more than a few simple rules and explanations though it may be broken down into smaller portions in order to gather the concept in a reasonable manor.  For all purposes it is to be assumed that the class has covered fundamentals such as electron configuration, orbital theory, and the characteristics of the first few groups and periods of the periodic table.  In order for the students to determine the molecular shape of a molecule (which is the ultimate goal of the lesson), the plan will be to introduce Lewis dot structures which is consistent with valence bond theory along with the Octet rule of atoms.  The two methods that will be considered for implementation into the lesson will support the ideas of both the behaviorist and constructivist approach.
Training the students to perform tasks in a certain order to reach the ultimate goal of predicting molecular shape of given atoms that are bonded together is a prime example of the behaviorist method that would be used in such a lesson.  Though this is a bit more advanced than Pavlov’s approach in training the mind with a stimulus and the desired response by the trainee, it would be built on those foundations in order to take small tasks that are performed correctly and use those answers to proceed to the ultimate goal.  From the ground up the lesson would incorporate the fundamentals of Burrhus F. Skinners’ radical behaviorism method of teaching which is ideally shaped by modifying the behavior of the student through consequence.  In his article from 1954 called “The Science and Art of Teaching,” Skinner discusses the need for consistent reinforcement in order to condition the learner to follow the correct procedure, effectively concluding the right answer to the problem (pg 87-88).  Therefore a problem presented to the class will have many components that require answering before the next step may be taken.  Between each step there are right and wrong answers, so it is the duty of the instructor to state whether the answer of the class is correct in a fashion that motivates the students to want to determine what is correct.  If the teacher informs the students verbally, then the simplicity of the tone used when stating “Correct” or “Incorrect” may influence the student to recall the correct path to the answer.  Other varieties of reinforcement could also include rewards and punishment such as giving and taking.  A method of this type could be represented by the use of merits given equally to each student prior to an oral assessment which are described as the pot.  During the oral exam the students are presented with a series of problems concerning the expectations of chemical bonding in reference to the number of bonds that each element will have along with the number of valence electrons and the proposed molecular shape.  Students will then be chosen at random to present their answers and will be awarded additional merits for correct answers and incorrect answers will be accompanied with merits taken away from their pot.  If a certain number of merits are required to be dismissed from homework assignments, then students will aim to answer correctly.  Skinner also states that “extremely complex performances may be reached in successive stages in the shaping process” meaning that the teacher should start small in the multi-step process, reinforcing in all areas, and train the students to reach the end goal through progressive rewards and punishments.  This is ideal for the lesson as multiple steps are involved in determining the molecular shape of bonded atoms such as determining what group and period each element is in, proceeding to number of valence electrons each atom has, then using Lewis structures to determine how they will bond and in what direction.  The goal of the teacher that uses the behaviorist method is to have the students run a step-by-step approach to the problem and praise or “punish” each step immediately during the process according to the correctness of their answer.
Conducting the same lesson would have a different approach if using the cognitive method as the personal experiences of the learner’s mind is taken into affect during knowledge transfer.  Again, the students will have to learn the multi-step approach to determine the molecular geometry of given bonding elements, yet the method will include having the students come to an understanding of the correct answer by constructing their own personal ways of viewing the approach.  O’Donnell briefly describes Vygotsky’s method of dialectical constructivism as a means for student understanding as it has them continually interacting with working environment (pg 241).  The learner is not only actively engaging oneself in the attempt to comprehend the problem, but also has the opportunity to see the consequences of their outcome.  Models and simulations would be a prime example of this approach.  Ball and stick models of atoms and molecules have long been used in demonstrating chemical bonding as it serves as a visual representations of unobservable phenomena in chemistry and can be manipulated in many ways by the learner.  They differentiate between atoms by the color of the balls and the number of possible bonds that it may have while also showing the bonds between each atom and at various lengths.  A more effective method is that of digital simulation which also allows for learner manipulation and visual dynamics but also adds the element of real dimensional space and geometry as they are not limited by the fixed angles of tangible objects.  The bond angles, lengths, and atom sizes are not limited by the materials at hand so the reality of shape is present and the animations involved in the computer software may also show the breakdown of molecules if the arrangement by the learner is unstable.
O’Donnell additional gives examples on how to aid the students in comprehending ideas through deductive reasoning (pg 45).  As part of the lesson it would prove beneficial to introduce these two methods to the students so that they may determine if their uses would aid in remembering how to perform a problem correctly.  If a student was asked to show their method for determining the molecular shape of a molecule that had one carbon atom and four hydrogen atoms, then they would deduce that carbon is in Group 4 of the periodic table while hydrogen is in Group 1.  Therefore: 1. carbon is the central atom having four valence electrons, 2.carbon will have four bonds, 3.there are four hydrogen atoms to bond to the carbon, and 4. the shape is tetrahedral.  The answer given by the student is based on the linear logic from one idea to the next which accurately presents the answer to small questions by eliminating the illogical.  Similar to this theory is the association of ideas which Willingham details in his article concerning memory (pg 71).  He points out that students will not have increased ability to recall concepts and ideas that are related to the material unless they take time to reflect on their meaning as opposed to the words and ideas solely.  A lesson in molecular geometry would benefit from the understanding of the nomenclature involved and the concepts that surround them.  A shape that is tetrahedral or trigonal bipyramidal may be meaningless to the untrained mind, though their meaning is represented in the words themselves.  As part of the lesson I would help the students to associate fragments of the descriptors with things that they should already know.  For example, the suffix tetra means four which in turn defines the molecule to have four bonds.  Similarly, TRI-gonal bi-PYRAMIDal may mean to a student that the molecule has three bonding atoms from the central atom and is in the shape of a pyramid.
