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Introduction 

No matter the sub-discipline, school of thought, or level of presentation, comparative statics is an integral part of economic theory.  This article presents a way to teach comparative statics via a newly developed Microsoft Excel add-in called the Comparative Statics Wizard.  The computer does the cumbersome, tedious calculations required by numerical applications of comparative statics, enabling the student to better understand the economics of the problem and calculus-based solution strategies.  To demonstrate the software that forms the main contribution of this work, an interesting, non-standard optimization problem is used as an example.

This article describes and refers to a series of Microsoft Excel workbooks available on-line at http://www.wabash.edu/econexcel/compstatics/examples/lifeguard.  When opening the workbooks, choose the Enable Macros option. By doing so, the user will access a variety of tools, buttons, and hints built into the workbooks.  The Excel workbooks are used as an example on which the Comparative Statics Wizard is applied.  The Wizard add-in itself is a completely separate file called CSWiz.xla available at http://www.wabash.edu/econexcel/compstatics/download.  The CS Wiz add-in can be applied to any optimization problem or equilibrium model that can be handled by Excel.

The next section describes files that set up and solve an optimization problem with elementary tables and graphs, calculus, and Excel's Solver.  Focus then turns to an illustration of how to do comparative statics analysis via the Comparative Statics Wizard.  The fourth section reflects on the merits of this new teaching tool and offers additional resources.

The Lifeguard Problem: The Initial Solution

Begin by opening the Excel workbook called LifeguardIntro.xls (available on-line at http://www.wabash.edu/econexcel/compstatics/examples/lifeguard

).  Given exogenous parameters, the lifeguard chooses the distance to run on the sand before entering the water in order to minimize the time it takes to reach a drowning swimmer.  The DescribingtheProblem sheet contains a series of text boxes and graphics that explain the lifeguard optimization problem in detail.  The TableandGraph and Calculus sheets show conventional methods of solving the problem.

Open the Excel workbook LifeguardSolver.xls to see a third way to find the initial optimal solution to the lifeguard problem via Excel's Solver.  The supporting file Solver.doc offers documentation and instructions on using Solver.

Comparative Statics Analysis

Examining the effects of changes in exogenous variables on optimal (or equilibrium) values is called comparative statics analysis.  Economists use the comparative statics properties of an optimization problem (or equilibrium system) to generate testable predictions.  An individual demand curve, for example, is a comparative statics analysis of the utility maximization problem faced by a consumer.  Holding everything else constant, a demand curve tracks the optimal consumption of a good given its price.

With calculus, comparative statics boils down to exploring the derivative of a reduced-form expression.  For example, the Calculus sheet in LifeguardIntro.xls shows that the optimal distance to run before entering the water is given by
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To find the response of optimal distance to run (x*) as the lifeguard’s running speed (vs) changes, ceteris paribus, take the partial derivative of x* with respect to vs.  Evaluate and sign 
[image: image2.wmf] at given values of the exogenous variables.  By taking the partial derivative of the reduced-form with respect to any exogenous variable, an expression is obtained that relates the response of x*  given an infinitesimally small change in that exogenous variable, ceteris paribus.

An alternative approach to comparative statics relies on repeated recalculation of the problem given different values of a single exogenous variable.  ​This approach is much easier to understand than calculus-based methods, but extremely time-consuming and tedious if done by hand.  The Comparative Statics Wizard removes the cumbersome, boring calculations, organizes the variables, and enables easy charting and further analysis (e.g., computing elasticity).

The Comparative Statics Wizard Excel add-in, CSWiz.xla, must first be installed before it can be used.  Visit http://www.wabash.edu/econexcel/compstatics/download for complete download and installation instructions.

The Comparative Statics Wizard guides the user through a series of steps so that the computer does most of the work.  Dialog boxes prompt for information and explain the steps in the process. 

In the first step of the Wizard, click on the Input button and respond to each of the three dialog boxes.  The user provides the objective function or equilibrium condition, endogenous variable(s), and exogenous variable(s).  Solver is used to find a solution for the initial set of exogenous variables in the second step.  The third step is devoted to getting the shock (or exogenous) variable information.  Information on which exogenous variable will be changed, holding the others constant; the amount of the change; and the number of shocks is collected.  The Run Comparative Statics Analysis button in the fourth step actually carries out the re-optimization calculations.  This step is the core of the Comparative Statics Wizard.  With the information provided by the user, the problem is solved for the initial parameters, then solved again and again as many times as requested.  

The results of the Comparative Statics Wizard are displayed in a new worksheet with the output nicely organized.  The exogenous variables are listed along with their initial values.  Several values of the exogenous variable under consideration and the corresponding optimal values of the objective function and optimal values of the endogenous variable(s) are displayed.  These data can be used in further calculations (such as slope or percentage change) and drawing charts.

To see the Comparative Statics Wizard in action, go to the Solver Setup Table (starting in cell S36) of the Solver sheet of the LifeguardSolver.xls workbook.  Use the Wizard to find the effects on optimal distance on sand and minimum time to victim given a faster lifeguard.  Instead of a top running speed of 300 yards/minute, suppose a lifeguard’s top running speed was 310, 320, 330, 340, or 350 yards/minute.  How would the optimal distance to run and minimum time to victim be affected by these different top running speeds?  The sheet CompStaticsDoc in the LifeguardSolver.xls workbook contains explicit, detailed instructions for using the Wizard to answer this question.

The Comparative Statics Wizard’s output can be augmented and enhanced.  Figure 1 depicts a typical example:
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Figure 1: Comparative Statics Wizard Output (from LifeguardSolver.xls)

Of course, as many comparative statics analyses as desired can be run.  Each time, a new sheet will be added to the workbook with its own set of results.

Finally, two additional resources for the lifeguard problem are available.  A constrained optimization version of the lifeguard problem, LifeguardConOpt.xls, provides the opportunity to show how Excel’s Solver handles constraints.  Excel’s Solver provides a numerical estimate of the LaGrangean Multiplier (see the Sensitivity Report sheet) and the Comparative Statics Wizard is used to explore the effects of changing the victim’s location (Distance Away from in Water).  The LifeguardGame.xls workbook allows one to play at being a lifeguard.  With the victim’s location randomly determined, the player decides how far to run before jumping in the water by moving a scroll bar.  The computer reports the optimal solution and keeps track of the virtual lifeguard’s performance.

Pedagogical Advantages of the Comparative Statics Wizard
From a teaching and learning standpoint, the primary benefit of the Comparative Statics Wizard is that it enables students to understand better the fundamental notions of comparative statics, calculus, and elasticity.  Since it can be applied easily to any problem that Excel’s Solver can handle, the Wizard has a wide range of potential application.

Embedded in the familiar Excel spreadsheet environment, the Comparative Statics Wizard proceeds in systematic fashion through the steps of comparative statics analysis.  The first step reminds the student that the problem must be appropriately organized: an objective function is driven by endogenous choices given exogenous variables.  After finding an initial solution, one particular exogenous variable is selected for manipulation.  The student enters the size and number of shocks.  The results are organized in a way that emphasizes the separation between the other exogenous variables that are held constant and the one exogenous variable under scrutiny.  It is clear that optimal changes (in endogenous variable(s) and objective function) are being tracked in response to changes in the exogenous variable.

Not only is comparative statics better understood, calculus-based approaches to optimization and comparative statics are also enhanced.  The student can compare rates of change found by evaluating the derivative of the reduced-form at a point to the slope provided by the results of the Comparative Statics Wizard.  A calculus teaching point can be driven home by noting the fact that linear reduced-forms have a constant slope so that dy*/dx = y*/x, while infinitesimally small instead of finite changes in x will lead to different rates of change when y* is non-linear.  By having the student run the Wizard again and again with smaller and smaller size shocks, the core idea underlying the concept of the derivative can be demonstrated.  Of course, charting the data and explaining the slope based on a movement from one point to another versus the tangent line at a point is another way to illustrate the idea behind the derivative.

The Comparative Statics Wizard can be used for problems where no closed reduced-form expression exists, which means analytical methods cannot be used.  Of course, severely non-linear problems that have no closed reduced-form may also not be solvable via numerical methods.  The supporting file Solver.doc elaborates on the dangers inherent in numerical optimization techniques.  However, Excel’s Solver can easily handle relatively simple problems with no closed reduced-form, such as a profit-maximizing monopoly-monopsony problem.  Students learn that the absence of a closed reduced-form expression does not preclude comparative statics analysis.

As the example displayed in Figure 1 (from LifeguardSolver.xls) shows, calculating slopes and elasticities is fast and easy with the output generated by the Comparative Statics Wizard.  Simple Excel formulas computing the rate of change and percentage change can be used to clarify the concept of elasticity.  The active role played by the student in entering the appropriate formula is an important pedagogical benefit.  

Because the Comparative Statics Wizard merely structures user input and organizes the results, it can be used with any optimization problem or equilibrium system handled by Excel’s Solver.  Simply set up the problem in an Excel workbook, then apply the Comparative Statics Wizard.  It has been applied successfully to consumer theory and profit maximization micro problems as well as IS/LM and Mundell-Fleming macro models.  The Wizard also has been used in more specialized applications such as Solow Growth Models.  Examples are available on-line at http://www.wabash.edu/econexcel/compstatics/examples.

The wide range of applications is a powerful pedagogical advantage of the Comparative Statics Wizard.  Through interesting repetition, the student learns the framework of modern economics theory.  As he or she proceeds through the steps, a variety of text boxes are used to provide feedback to the user.  Information is displayed at each step and the student controls the pace of the action. The problem is different, but the structure is constant, driving home the logic of comparative statics analysis.

Conclusion
Whether it be a macro equilibrium model or an intertemporal optimization problem, the response of the solution to a ceteris paribus shock and the calculation of elasticities forms a crucial part of economics.  This article has demonstrated how to obtain and use the Comparative Statics Wizard add-in to better teach comparative statics analysis by using Microsoft Excel to do much of the tedious computation.

All Excel files and supporting Word documents cited in this article can be found on-line at http://www.wabash.edu/econexcel/compstatics.  
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