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CHAPTER

10

SPREADSHEET ESSENTIALS

Introduction

Having strong spreadsheet skills is essential for public managers and policy analysts. Spreadsheet programs
(such as Microsoft Excel) are not only popular, they are very practical tools with a wide range of applica-
tions. This chapter provides an overview of some important uses for spreadsheets in public management.
Mostly, spreadsheets involve quantitative, nonstatistical applications (that is, they involve data but not
hypothesis testing and associated analyses). Spreadsheets are quite commonly used for making and analyzing
budgets, for scenario building and “what-if” analyses, and for developing graphs and charts for presenta-
tions. Although spreadsheet applications are often as unique as the contexts in which they are used, the prin-
ciples and problem-solving methodologies often are readily grasped and easily transferred to new situations.

Sometimes, people who are unfamiliar with statistical analysis wonder why spreadsheets cannot be used
for both statistical and nonstatistical analysis. To use a spreadsheet for statistical analysis would be like using
a screwdriver to drive a nail into a wall; it can be done, but it is very clumsy, tedious, and prone to error.
Although some overlap exists between spreadsheet and statistical analysis programs, the two are actually
quite different. Spreadsheets are designed for generating graphs and for making “what-if” calculations.
Although spreadsheets do offer some statistical functions, they are not designed to perform complicated sta-
tistical analysis (such as Kendall’s tau-c or many regression diagnostics—even calculating chi-square
requires some work). Spreadsheets are also limited in analyzing subsets of data or in making variable trans-
formations. Often, these data abilities are available in only rudimentary ways. By contrast, statistical pro-
grams are designed exactly to perform these kinds of tasks, but they are not very good at what-if analysis or
for presenting budget data; using statistical software for these functions is sometimes like using a hammer to
drive in a screw. Good analysts appreciate both the spreadsheets and the statistical programs for their spe-
cialized purposes in public management. Having both in your toolbox only enhances your abilities.

You will be working with a sample spreadsheet file called, conveniently enough, “Spreadsheet.xls.” This
file contains eleven separate sheets that you will be using as you progress through this guide. These eleven
sheets have also been saved as separate files on the accompanying CD-ROM. Each sheet contains data that
can be used for different kinds of statistical analysis. If you are uncertain or unfamiliar with any of the func-
tions being performed in a particular sheet, remember to click on individual cells to see the formulas them-
selves, and be sure to refer to this workbook as you work through the various sheets. The screen shots in this
guide will be valuable reference points to make sure that your results are accurate.

In order to get the most from this guide, you must have a working familiarity with spreadsheets. The
examples in this guide are based on Microsoft Excel, a widely used spreadsheet program, but any spread-
sheet software can be used. (Note: The SPSS Data Editor is similar to a spreadsheet; students familiar with
SPSS will find it quite easy to obtain such working knowledge.)

How much familiarity is required? Here is a short test to assess your comfort level with spreadsheets.
Open the file “Spreadsheet.xls,” which has several sheets, shown by the tabs in the lower left corner of the
screen. Open the sheet called “Budget.” If this sheet does not appear as an option, click on the arrows in the
lower left part of your screen until this name does appear. Familiarize yourself with the spreadsheet. Look at
the format, the font sizes, and alignment as shown in Screen W10.1. If you are able to design a table, enter
the data, change font sizes and alignment, and create the basic “=SUM” function to total the figures in row
5, then you are familiar enough to move on.
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If you feel uncomfortable using Excel or if the “=SUM” function seems unclear to you, please take a
look at an introductory guide to the software itself. The instructions that come with the software, or that
can be purchased separately in most bookstores, will do a great job of explaining the basics. Spreadsheets are
very straightforward. You should be up and running in no time.

Presenting Your Results

One of the most attractive features of spreadsheet software is its ability to create graphic elements that
quickly summarize essential points and findings. Creating these graphs or charts is often the last step in
analysis, but it is often the first thing to learn when becoming more familiar with the software’s capabilities.
Continue on with the spreadsheet called “Budget.” If you want to show how personnel costs vary across
departments in a year’s budget, you can use Excel to produce line graphs, bar charts (histograms), pie
charts, scatterplots, and many other useful visual aids. To create these, use the “Chart Wizard,” which is
obtained by selecting Insert — Chart. The Chart Wizard should appear, as shown in Screen W10.2. Select
the type of chart you want, and click on Next. Then, simply walk through the rest of the clearly indicated
steps. Please note the importance of correctly specifying the data range, as well as the various options that
exist for titles, axes, legends, and data labels. Feel free to play around with the Chart Wizard and its various
features to get a good sense of the tools at hand.

After you have produced some graphs and charts, you should edit them because some features in Excel
are not part of the Chart Wizard. For example, to change the background color of your chart, you need to
place the cursor over that area and then click the right button on your mouse (or select Format — Selected
Area). This will bring up a dialogue box called Format Plot Area. If you want to format the bars, place the
cursor over the bars, and then right-click the mouse to bring up the dialogue box Format Data Series.
Although some of these features are available in other statistical analysis programs, Excel also offers a broad
range of options for enhancing the appearance of charts and graphs.
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Another added benefit of Excel is the ease of transferring your results to a word processing document.
You can copy and paste your graphs directly into a document. Figure W10.1 is a good example of a basic bar
chart that can be incorporated into a handout or written presentation. It was copied and pasted from Excel
into this document. You should try to reproduce this figure using the “Budget” spreadsheet.

Of course, you already know that many tables have column and row totals, which are created using the
=SUM function, and that they are also used in presentations. By way of practice, try modifying the “Budget”
spreadsheet so that it looks like Screen W10.3. (For your convenience, this is saved on the “Budget” sheet—
scroll down to row 40 to compare your work.)

Experiment some more with the different options in presenting your data. For example, change the
value of cell B5, and see how your graph changes when you alter the data. Another good exercise is to plot
the budget differences between this year and last year, using data on this spreadsheet. You might also explore
some of the editing features such as background colors, font sizes, text direction, and so on. Don’t be sur-
prised if such practicing turns out to be quite time intensive as you try to perfect all of the various options.

Figure W10.1———"Budget” Sample Bar Graph
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Essential Functions

An important feature of spreadsheets is their ability to analyze data. These very basic functions will help give
you a strong foothold before we move on to some more specific applications in later sections. In the preced-
ing section, you used the =SUM function to add up rows and columns. In Excel, other statistical functions
are displayed when you select f, on the standard toolbar (or choose Insert — Function). The dialog box
Paste Function appears when you select f; it defines each function and shows you how to use it. Take some
time to identify functions that you think you will use often in your work.

In most applications =SUM (range) and =AVERAGE (range) are probably most widely used. Just to be
clear, the =AVERAGE function calculates the mean. To produce the median, you need to type =MEDIAN.
When using the =AVERAGE function, note that =AVERAGE (A1: A4) produces the same result as +
(A1+A2+A3+A4)/4 only when each cell has a valid entry. If you use =AVERAGE (A1: A4), cells that have
text or missing entries will be ignored and only the valid entries will be used to calculate the mean. By con-
trast, +(A1+A2+A3+A4)/4 returns “#VALUE!” when any of the indicated cells are invalid.

Data Sorting

Another useful feature is data sorting, which is used when an analyst wants to change the order of data pres-
entation. For example, previously you produced a bar chart (Figure W10.1), in which the order of personnel
expenditures appeared in the same order as presented on the spreadsheet. But what if you want to show the
Corrections’ personnel expenditures before (to the left of) Police personnel expenditures, which would place
the bars in descending order? You must then change the order in which the data appear in the spreadsheet;
specifically, the data must be sorted in descending order of personnel expenditures.

First, select Data — Sort. Simply put the cursor somewhere in the data table to tell Excel what area you
want to sort, or you can specify the exact area by highlighting it. Then identify in the Sort dialogue box
(shown in Screen W10.4) whether the highlighted area includes a header row, which is used to identify the
different columns and is not part of the data that are sorted. Observe that data can be sorted by more than
one variable. After you have sorted the data, you can use the Chart Wizard to produce the new chart. Screen
W10.4 shows the result; note that expenditures are sorted and graphed in descending order. Data sorting
comes in very handy when dealing with very large data sets. To open a typical, larger data set, click on the
Census tab, which contains information about all 398 Florida municipalities. Being able to sort data in
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ascending or descending order can help an analyst answer such questions as how many cities had popula-
tions over 20,000 in the year 2000? (The answer is 90 of the 404 cities.) Or, how many cities lost populations
between 1990 and 2000? (Answer, 79.) Answering the latter question requires careful definition of the data
ranges to be sorted because the formulas for calculating the change in population extend to an area of the
spreadsheet (column G) that is separated by a blank column (column F). You need to identify the entire
range, from A8 through G415. Another useful feature for counting is =COUNT (range), which counts the
number of observations in a specified range.

When sorting data, there will be times when you are concerned about returning your data to their origi-
nal format. An easy solution is to fill a column with a numeric sequence such as “1,2,3,4 . . ” that is later used
to re-sort the data in their original order. To create such a series, highlight a space within a column adjacent to
the data that are to be sorted (for example, insert a new column in column A). Then, enter “1” in the first row
of the column (shown in Screen W10.5), highlight the appropriate range that is to be “filled” in), and select
Edit — Fill — Series. This will create a series that begins with 1 in cell A8 and ends with 408 in cell A12.

Filtering Data
The filter feature allows analysts to select a particular subset of observations for analysis. If you want to ana-
lyze only the ten largest cities in Florida, then you would choose to filter your data. Using the “Census” sheet,
place the cursor over the column “Census Count” and select Data — Filter — Auto Filter. New drop-down
arrows will appear in each of the columns, as shown in Screen W10.6. Choose the arrow in the “Census” col-
umn (column D), and select Top 10. Note that after you select this option, only ten rows of data will appear;
the blue filter in the “Census” column indicates that it is now active. You can use just these ten cities to create
a chart (Insert — Chart). Or, you can print the spreadsheet, and only these observations will appear.

Please note that the Excel filter does have a limitation. If you select a function such as =AVERAGE and
attempt to identify these observations as a range, Excel will identify all observations that lie between the
lowest and highest values of these cities, or D52:D332. Thus, the mean will be calculated for many more
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Screen W10.7 Creating a Pivot Table
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than just these ten cities. Instead, analysts will need to specify each of these observations separately. That is,
=AVERAGE (D52, D56, D68, D95, D135, D179, D214, D221, D264, D332), which is quite cumbersome. To
overcome this problem, analysts might take a different approach. They might first sort the data in descend-
ing order and then identify the range of the first ten cities (or a statistical analysis program might be used).

Creating Tables from Raw Data

Finally, Excel can also make tables from raw data—another great capability of spreadsheets. Open the sheet
“Watershed.” The data include various measures of pollution, along with demographic descriptors, such as
region. (The variables are selected from the SPSS data set with the identical name, and we refer to the docu-
mentation about data sets that is included in Chapter 11, “Data Set Documentation.”) To make a summary
table (called a Pivot Table in Excel), choose Data — Pivot Table Report. Screen W10.7 shows the result of
this analysis below. The Pivot table shows the average loss (in percentages) of watershed wetlands by region
and by population size (coded in categories). You might want to create some other Pivot tables from these
data to see how other functions appear. Please note that although the default summary function is =SUM,
double-clicking variables in the Data field brings up the dialogue box Pivot Table Field where this function
can be changed. If you want to show both the counts and the mean of certain variables, you can drag the
same variable several times from the right side of the Pivot Table Wizard dialogue box to the Data, Column,
or Row fields. Then change the statistical function. (It is worth noting that the manner in which columns
and rows are changed in Pivot Tables is similar to that found in SPSS when using Analyze — OLAP cubes
and then, in the Output Viewer, double clicking the output table and selecting Pivot — Pivoting Trays.)

DATA ANALYSIS

Other spreadsheet applications are of special interest to public managers and analysts because they can per-
form valuable data analysis. These applications are quick, easy, and produce attractive results that are easily
reproduced for presentations and reports.



120 Exercising Essential Statistics
This chapter originally appeared as chapter 10 in Exercising Essential Statistics, first edition.

What-If Analysis

What-if analyses are sequentially performed analyses whereby analysts change one or more parameters in
order to see the effects on another variable of interest. For example, you might change population growth in
a revenue or pollution-forecasting scenario, in order to see how that affects these variables. By sequentially
modifying the same parameter (for example, examining the effects of population decline and growth of
varying degrees), what-if analyses can give a sense of the likely range of program or policy outcomes.
Although what-if analyses tend to be as specific as the problems they address, a few examples should help
illustrate the general idea. Spreadsheets are especially good tools for doing such analyses.

Open the “Budget” sheet again. Scroll down to row 73 so that your computer screen resembles Screen
W10.8. Here, the spreadsheet shows how a policy maker could figure out the effect on next year’s budget of
increasing all expenditures by 3 percent. Take a look at Screen W10.8, and note the formula in cell B75. It
includes a reference to cell H78, which identifies the 3 percent increase. The reference is absolute, $H$78,
which allows us to copy the formula to the range of all of next year’s expenditures, B75:F82, while maintain-
ing the same reference to cell H78. Then, next year’s budget will be $805,967,000, as shown in cell G83.

The ease of using spreadsheets to do a what-if calculation lies not in just a single calculation (indeed,
the above result can be obtained easily by hand) but rather in the ability to quickly do many calculations.
Indeed, you might ask, what if all expenditures are allowed to increase only 2.5, 2.8, 3.2, 4.5, or (a whop-
ping) 6 percent? Then, you need only change the value in cell H78, and the value is automatically shown in
cell G83. Furthermore, next year’s budget is shown for all expenditure categories and departments, which
could be graphed as well. Using this spreadsheet can save time by quickly doing many calculations otherwise
done by hand.

Moreover, what if you want to calculate next year’s budget when personnel expenditures grow 3 percent
(except in the Corrections Department, where they stay at last year’s level), all operating expenses are cut by
2 percent, and all other expenses remain at last year’s level? Spreadsheet formulas easily allow for more com-
plexity. Here, you simply need to modify the formulas in each group of cells to reflect this scenario. Be sure
to use separate values to reflect the personnel and operating expenses. Try modifying the above spreadsheet

Screen W10.8 What-If Analysis
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FigureW10.2 v Alternative Budget Forecast

Budget Forecast (Alternative Scenarios)
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in this manner. The final result should be $785,222. To further increase your familiarity, try a few different
scenarios, and plot your results on a bar chart such as might be shown in a briefing to decision makers. A
hypothetical example is shown in Figure W10.2 (of course, in an actual write-up we would define and
explain each scenario).

What-if analyses tend to be quite specific and have much practical application in your own day-to-day
life. Open the sheet “Retirement,” which shows a simple formula to project your future retirement income.
(A little disclaimer: This is for learning purposes only; results or accuracy are not guaranteed!) Although
you may not want to think about retirement right now, government leaders and financial planners agree
that you should, and the earlier the better. Why is that so? Do your own what-if analyses in which you vary
your “years to retirement.” Then, change your annual contributions. Can you find a balance between these
two that is consistent with your lifestyle and expectations? See how much money you need to save in order
to maintain your lifestyle after retirement.

Many situations are appropriate for what-if analyses: calculations to determine whether leasing or buy-
ing is better (under different assumptions of depreciation, interest, and inflation), revenue forecasting
(under different assumptions about economic growth), service demand (under different assumptions about
target population). Wherever there is a spreadsheet with data (that is more than just a listing of names,
addresses, and the like), the possibility of doing a what-if analysis is not far away. Can you think of some sit-
uations in your current or future work in which what-if analyses might be useful?

Pareto Charts

You may have participated in brainstorming meetings in which a group attempted to resolve some problem.
Typically, a good deal of the discussion focuses on the root sources of the problem. Some time ago, the Ital-
ian economist Vilfredo Pareto (1848—1923) observed that 20 percent of the population have 80 percent of
the income; decisions that affect the accumulation of wealth can be targeted at the few. Likewise, a few root
sources usually account for almost any problem. A Pareto chart is simply a histogram, in which analysts
show the importance of different root sources as they contribute to the problem. The idea is to channel
energy to those few sources that cause most of the problems, rather than try to solve the myriad number of
problems caused by these few root causes.

Service logs, maintenance records, and customer complaints are great sources of data for Pareto charts.
Employee and citizen surveys also can be used. Assume that an agency wishes to examine the sources of
employee dissatisfaction. Convening groups of staff and managers together in focus groups is apt to provide
many possible problems and solutions, but which ones are likely to have the greatest impact? Which prob-
lems are most widely and severely experienced? Figure W10.3, based on an actual employee survey, is a
Pareto chart because it shows, in descending order, the order of importance of various causes (in this exam-
ple, factors associated with employee dissatisfaction). Chart Wizard creates the chart after the mean of each
response has been determined. Further analysis could examine this result by rank, department, gender, and
race to provide additional guidance. Again, the ordering of the importance of a problem’s sources helps to
move dialogue and decision making forward.
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Figure W10.3———»—Pareto Chart
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Demand Analysis

Demand analysis often is a very useful productivity improvement tool that can be used to analyze fluctua-
tions in demand. For example, some agencies experience increased demand at some times of the day, weeks
of the month, or months of the year. Increased demand not only causes great stress for employees, it also
causes increased backlogs and, hence, waiting and complaints among agency clients. At other times, agencies
experience very low service demand. Although some “down time” is then used for clearing the backlog and
planning for the future, too much downtime is obviously unproductive.

The idea of demand analysis is to align staffing with demand. When service logs are available, an accu-
rate analysis can be made of the average demand. For example, consider the following hypothetical demand
for services, which shows the average, daily service demand based on an analysis of the preceding twelve
weeks. Figure W10.4 is created by first using Chart Wizard to create the bar chart from available service
request data. The figure clearly shows that demand on Tuesdays, Wednesdays, and Thursdays is greater than
on other days of the week. Added after the chart has been cut and pasted into a word processing document,
the dotted line () shows the normal service load for current staffing levels. (In Microsoft Word, the dot-
ted line is added using the Drawing Tool Bar.) Although staff should be able to handle some above-
normal service request loads (for example, during peak periods), the number of requests on Wednesday is
considerable. If this unevenness causes problems (such as service that does not meet client expectations),
the agency might consider hiring some additional part-time staff for Tuesday, Wednesday, and Thursday.
Indeed, it might even consider filling a full-time employee vacancy with two or more part-time employees.

Note that demand analysis charts can analyze service by any time period, such as by the hour, day, week,
month, or quarter. For example, a demand analysis chart that analyzes service demand per hour might find
that demand in the morning differs from that in the later part of the afternoon, hence causing managers to
increase the use of flextime policies.

Allocation Decisions
“Who gets what and how?” is a key research question in the study of public policy and politics. Sometimes,
analysts are called upon to help managers and elected officials in making their allocation decisions. For

Figure W10.4———~—Demand Analysis
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example, an agency might want to allocate program funds based on a mix of current service demand and
population size. Or, in a workshop setting, a city council might ask each of its members to rank different
programs according to their priorities. Analysts are then called upon to determine the aggregate ranking and
to analyze its impact on funding. They may even show how different criteria and parameters affect overall
results.

Open the spreadsheet “Allocation,” and look the data over carefully. Assume the following scenario.
Five councilpersons are asked to prioritize six existing programs on a scale of 1 to 6 (1 = lowest priority,
6 = highest priority). Assume also that the ranking will affect only 20 percent of available funding; the
remaining 80 percent is based on last year’s expenditures. Further, the overall budget is increased by 3 per-
cent over the previous year. By ranking each of these six programs, the councilpersons will be able to deter-
mine who receives the funding. The spreadsheet “Allocation” (Screen W10.9) shows the analysis used to
rank these programs. Note that the total sum of rankings is 105 points, reflecting the sum of all rankings
among the five officials [that is, 5%(1 + 2 + 3 + 4 + 5 + 6) = 105]. The formulas for calculating the results
for Program 1 are shown in row 18. Although this may look a little confusing at first, please work through
each formula, going from left to right across the spreadsheet. The key to understanding the allocation deci-
sion is column C, in which the rankings are recalculated to add up to 100 percent, which is then used for
subsequent allocation decisions.

Note that the “Allocation” spreadsheet allows analysts to add further value by performing a what-if
analysis. How are results affected by limiting that part of the budget that is subject to the prioritization to,
for example, 5 percent? Why or why not might officials be interested in such results?

Location Decisions

What is the most efficient location for a fire or police station that makes service calls to different locations
with different frequencies? Although specialized software programs exist for this purpose, the general prin-
ciple is easily illustrated using a spreadsheet, which readily performs the necessary calculations.
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Figure W10.5-——~—Service Call Locations
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Table W10.1 Service Call Coordinates
Coordinates  Nymber of Weighted ~ Weighted

Place X Y trips X Y

A 1.0 3.5 11 11.0 38.5

B 3.0 3.0 9 27.0 27.0

C 1.5 1.5 8 12.0 12.0

D 3.5 1.5 3 10.5 4.5

E 4.5 1.0 20 90.0 20.0

Total 51 150.5 102.0

Ideal X coordinate: 2.95
Ideal Y coordinate: 2.00

Take a look at Figure W10.5, and assume that service calls were made to each location (number of calls
shown in parentheses). You can find the optimal location for the service center by specifying the coordinates
of each location and weighting it against the number of visits. The coordinates are identified by overlaying
an imaginary grid on the area. Based on such a grid (not shown here), the X and Y coordinates in Table
W10.1 are obtained. The weighted value of Y for place A is calculated as 3.5%11 = 38.5, and so on. The ideal
X coordinate is calculated as 150.5/51 = 2.95. The ideal Y coordinate is 2.00. The location of the ideal loca-
tion is identified with an asterisk in Figure W10.5. Of course, the above result does not consider maximum
response time and other requirements, which might affect such final decisions. After analyzing your find-
ings, as presented in Table W10.1, the results can be cut and pasted from Excel to a word processing pro-
gram for presentation. Their quick and thorough computation and ease of presenting results make spread-
sheets a great resource when performing this kind of analysis.

Forecasting

Chapter 7 of the textbook, Essential Statistics for Public Managers and Policy Analysts, discusses various fore-
casting approaches that analysts can use in their work. Excel can help perform these tasks. This section
shows how to replicate the textbook forecasting examples using prior moving averages (PMA), prior moving
changes, and the method of forecast ratios. Open the “Forecasting” spreadsheet. This spreadsheet also shows
the use of pop-up comments that can be attached to each cell. (To create a pop-up window, highlight a cell,
then click on the right mouse button and select Insert Comment.) In this example, we are forecasting
budget expenditures for the next three years. The first step in forecasting is calculating all expenditures as
constant dollars at time = T; the spreadsheet includes the formulas you will be using to convert current dol-
lars to constant dollars. For example, the constant dollar value of expenditures at T — 4 is calculated as (see
highlighted cell in Screen W10.10):

C7*(1 + C6/100)*(1 + D6/100)*(1 + E6/100)*(1 + F6/100).

Then these constant dollar values are used to create forecasts as explained in the textbook.
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Screen W10.10 “Forecasting” Spreadsheet: Pop-Up Comments
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The second step involves the forecasting of the constant dollar expenditures. The textbook discusses the
three different approaches. PMA uses the mean of the prior three values to forecast the current period value.
For example, the formula in cell F9 is =AVERAGE (C8:E8). However, when no more actual values are avail-
able, previously forecasted values are used instead. Thus, the forecast for T + 2 (cell 19) is calculated as (F8 +
G8 + H9)/3.

By contrast, PMI uses the mean of the prior three changes to forecast the current period. This average
change is added to the previous expenditure in order to calculate the current amount. For example, the pre-
dicted value for T (cell G13) is calculated as G12 + F8, where G12 is calculated as (C11 + D11 + E11)/3.

The third approach is forecasting by using known ratios. The ratio approach is simple to calculate; for
example, the forecasted value for Tis H15*[AVERAGE(B16:G16)]. The results in row 17 (“Predicted Budget
I”) are based on the average ratio of all known periods (T — 5 through T). The results in row 18 (“Predicted
Budget II”) are based on the average ratio of the three most recent known periods (T — 2 through T).

Different forecasting methods produce different results. By comparing alternative methods, analysts can
provide decision makers with a range of plausible forecasts. In our example, we would forecast expenditures
in T + 3 as lying between $59.70 and $64.00 (constant $s).

The “Forecasting” spreadsheet also shows how to incorporate patterns of periodicity, replicating the cal-
culations for Table 7.7 in the textbook. These calculations are shown in the range B27:G50. By working
through these formulas, you can see how these forecasts are made that involve periodicity.

STATISTICAL FUNCTIONS

In addition to its analytic abilities, Excel also has a wide range of statistical functions that will be helpful to
you. Not only will these functions be of good use, but being aware of these capabilities can help you decide
whether you need more specialized statistical analysis software. Statistical functions are found by selecting
Tools — Data Analysis (or by selecting f, on the standard toolbar).
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Descriptive Statistics

Excel produces a wide range of descriptive statistics, such as those discussed in Chapter 2 of the textbook. To
explore these, open the spreadsheet “Productivity.” Then, use the Descriptive Statistics Tool to calculate the
mean and other measures of the variable Teamwork, an index variable measuring the use of teamwork.
Select Tools — Data Analysis — Descriptive Statistics, as shown in Screen W10.11. Although these statistics
can also be produced by using separate functions (for example, =STDEV [range] to calculate the standard
deviation), the Descriptive Statistics Tool produces them all instantly. As is often the case, users specify the
data range that is to be analyzed and the location of the output. Although this is a minor task, it is some-
times inconvenient when the data set is large. You can practice replicating this analysis for another variable
on another, larger data set, such as the “Public Perceptions” spreadsheet.

Be aware that Excel does not produce boxplots. To calculate boxplots, Excel users must calculate each
individual statistic. For example, to calculate the first quartile of the above variable, use =QUARTILE
(C2:C322,1). (This function is fully explained when selecting the function wizard, f..) Then select Statisti-
cal — Quartile. Next, create your own formulas to calculate the inner and outer fences (see Chapter 2).
Using Excel to create boxplots obviously requires a good deal of work. However, some “after-market” prod-
ucts exist for Excel (developed and sold by others) that include add-in statistical procedures that automate
the above calculations and produce boxplots faster than would be done by making separate calculations.
Comparing Excel’s capabilities with those of another software package will help you to determine how you
can best meet your software needs.

Chi-Square

Excel can also assist in calculating chi-square in another step-by-step process. Open the spreadsheet
“Chi-square.” (This table replicates Table 3.1 in the textbook.) When performing a chi-square analysis in
Excel from raw data, the first step is always to produce a table of observed values. Use the Pivot Table fea-
ture, as discussed earlier. The second step consists of calculating the expected values, the values that would
exist if no differences were found. These are shown in Screen W10.12.

Screen W10.11 Descriptive Statistics Dialogue Box
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Screen W10.12
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The third step is hypothesis testing. The function =CHITEST (observed data range, predicted range) is
used to calculate the probability of rejecting the null hypothesis. The dialogue box shown in the lower right-
hand corner is obtained by using f,. Upon calculating the probability, =CHIINV is used to produce the chi-
square test statistic used to calculate the before-mentioned probability.

Note that Excel does not produce warnings concerning the chi-square test assumption that cells must
have expected values exceeding 5.0. Also, although Chapter 4 of the textbook discusses a wide range of other
bivariate statistics for categorical data, Excel has functions only for calculating chi-square. It has no func-
tions for calculating tau-c, Kruskal-Wallis’ H, and many other statistics discussed in Chapter 4.

T-Tests

Excel can also produce independent and paired samples t-tests, as well as one-sample t-tests discussed in
Chapter 5 of the textbook. However, Excel does not produce tests of normality, and so analysts must deter-
mine whether test assumptions of normality are met through visual inspection. Also, because boxplots are
not readily produced, outliers are usually identified visually. Thus, the first step requires visual analysis. For-
tunately, the Chart Wizard can help produce bar charts and histograms for this step. Visual inspection might
also be used to determine whether sample variances are equal because the independent samples t-tests
require users to specify, a priori, whether or not variances are equal; tests for the equality of variances are
also not available.

The independent samples t-test requires Excel users to specify contiguous input ranges for both vari-
ables. Thus, sorting of the data set is sometimes a preliminary step. For example, Chapter 5 of the textbook
examines whether mean levels of pollution differ between the East and other regions. To perform that
analysis now, open the spreadsheet “Watershed.” You should first sort these variables by region, in order to
ensure that all of the pollution values associated with the East region are grouped together and that all of
the pollution values associated with the other regions are grouped together.

To produce a t-test in Excel, use Tools — Data Analysis — t-test: Two-Sample Assuming (Un)Equal
Variances. Look at Screen W10.13 to compare your results. Make sure that the test variable is the trans-
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Screen W10.13 T-Test Results
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formed variable Pollution as shown in Figure 5.4 in the textbook. Screen W10.13 and your results should be
consistent with those shown in Table 5.2 (also in the textbook). The t-test statistic is 1.252, which is not sta-
tistically significant.

Excel can also do paired t-tests and one-sample t-tests. The paired samples t-test is used for evaluating
differences between before and after tests (see Box 5.1 in the textbook). To produce it, use Tools — Data
Analysis — t-test: Paired Two Sample for Means. The example from the textbook is reproduced on the
“Watershed” spreadsheet. Open this spreadsheet and examine the results which are shown in the range
AEL:ATILS.

The one-sample t-test requires some user-specified formulas. Recall that the one-sample t-test test sta-
tistic is defined as t = (X — p) / s/ V' n, where p is the population mean (or hypothesized value) against which
the sample mean is tested, s = standard deviation, and n = sample size. The first step is to calculate the t-test
test statistic by calculating the sample mean, calculating the sample standard deviation, specifying the popu-
lation mean, and calculating the t-test test statistic. The sample mean and standard deviation are easily cal-
culated using the Descriptive Statistics Tool shown in Screen W10.11. The hypothesized value is user speci-
fied, and the t-test test statistic is calculated using the formula shown in Screen W10.14. Here, you want to
know where the mean percentage of samples that exceed pollution levels in the East differs from 10.0; test it
against V10 because the variable has been transformed in that way. The t-test test statistic is 3.59.

The second step is to determine the probability of obtaining a t-test test statistic of this value. You will
need to use the =TDIST function (“TDIST” stands for “t-test distribution”) shown in Screen W10.14. As
you can see, the two-tailed probability is less than 1 percent; hence, a statistically significant difference exists
between the actual and user-specified percentages of samples in the East that exceed pollution standards.

Regression

Other statistical tasks for Excel are calculation of correlation coefficients, performance of simple and multi-
ple regression, and calculation of residuals. For a quick review of these concepts, please look over textbook
chapters 6 and 7.
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Screen W10.14 One-Sample T-Test Results
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To calculate Pearson’s correlation coefficients, use Tools — Data Analysis — Correlation (the default
choice is Pearson’s Correlation Coefficients). This dialogue box requires users to specify one contiguous area
of all variables and observations. Excel can also calculate Spearman’s rank order correlation coefficients. To
this end, users must use f_(or Insert — Function). Then =SPEARMAN is first used to calculate the Spear-
man’s rank order correlation coefficient, and =SPEARMANTP is then used to calculate the probability of
association. To practice calculating these coefficients, use the data in the “Productivity” data set.

In the following example, you will use the “Productivity” data set and spreadsheet to practice regression
analysis. Both simple and multiple regressions can be obtained using Tools — Data Analysis — Regression.
The only difference is that in simple regression the input X range is only one column wide, whereas in mul-
tiple regression it is several, contiguous columns wide. The multiple regression results shown in the text-
book (see Table 6.2) have been reproduced in Screen W10.15. The output shows the order of the independ-
ent variables, as entered on the spreadsheet. To produce the above output consistent with Table 6.2 in the
textbook, the independent variables were copied and pasted in the above order. Use the button “Label” to
produce labels for the variables in output range AA16:AA20.

The output also shows predicted values and standardized residuals. The residual and line fit plots are
plots of the independent variables; be warned—Excel does not produce the common error term plot shown
in the textbook in Figure 6.3. To produce the error term plot, calculate the standardized predicted values.
First, you must calculate the mean and standard deviation of the predicted values, and then use the formula
(x— X)/s to transform each value as shown in Screen W10.16. The error term plot in the screen reproduces
the example from Box 7.1 in the textbook.

CONCLUSION

Although Excel does not produce further diagnostic statistics (as discussed in Chapter 7), nor any of the
advanced statistical procedures (discussed in Chapter 8), spreadsheets play an important part in the lives of
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public administrators and analysts. Accurate calculations, a wide range of analytical functions, and colorful
charts and graphs make it easier for analysts to work with their data, to present their findings in a better
way, and to undertake a wide range of quantitative, nonstatistical analyses. Spreadsheets do feature some
basic statistical functions, which may suit your particular needs. Used in conjunction with specialized statis-
tical software packages, spreadsheet use can round out your skills as an analyst. Through practical and cre-
ative use, spreadsheets can allow you to make many valuable and accurate contributions to public adminis-
tration and policy analysis.

APPENDIX

The Parks Department (Exercise)
The following exercise combines various elements from the “Data Analysis” section. This is your opportu-
nity to practice and further hone your skills. Consider the data in Table W10.2.

Table W10.2 Park Analysis Data
Avg.
Avg. use Avg. use area
Estimated capital Mon-Fri Sat-Sun household
Maintenance ($) costs ($) 9AM=7PM  9AM=7PM income
Year 1 Year 2 Year 3 Year 4-6 Acres (p-p-hr) (p-p-hr) ($1000)
Park 1 90 100 110 20 30 50 40 25
Park 2 400 425 450 400 200 500 1500 35
Park 3 330 360 390 400 150 100 2000 50
Park 4 30 50 30 5 2 75 50 15
Park 5 70 80 90 25 20 60 60 15
Park 6 150 150 155 45 60 50 700 50

Note: The current year is YEAR 3; Park 4 is a downtown Park. All maintenance and capital costs in thousands, for example,
the maintenance cost of park 1 in year 1 is $90,000.
p-p-hr = persons per hour.

Table W10.3 Example Allocation (Hypothetical)
METHOD A METHOD B
% of Allocation Allocation
Use use of $1,000 Rank use of $1,000
Park 1 25 13.9 139 3.5 167
Park 2 40 22.2 222 5 238
Park 3 60 33.3 333 6 286
Park 4 20 11.1 111 2 95
Park 5 10 5.6 56 1 48
Park 6 25 13.9 139 3.5 167
Total 180 100 1,000 21 1,000

Note: Method example: 13.9%*1,000 = 139; 3.5/21*1,000 = 167

1. What are the projected costs for each park over the next two years? Assume that past and future infla-
tion is 4 percent annually. Assume that capital expenditures are evenly distributed over the three-year
period (straight-line method). Calculate future maintenance costs as three-year moving averages;
hence, Year 4 forecast is (Year 1 + Year 2 + Year 3)/3, when all expenditures are calculated in constant
dollars. Therefore, calculate all of the expenditures in constant dollars first; use Year 3 (this year) as
the reference (base) year.
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2. What is the average maintenance cost per park per user in Year 3? Make a pie chart.
3. What is the average maintenance cost per park per acre in Year 3? Make a pie chart.

4. Which park is the most expensive? Print a spreadsheet showing the results of Questions 1—4.

5. Your total budget for Year 4 is $1,400,000. How would you allocate your budget in order to increase
Saturday and Sunday use? Explain your justification. See Table W10.3.

6. Because of highway construction, the expected Saturday and Sunday use for parks 2 and 6 is
expected to drop by 25 percent in Year 4. How does this affect your result? Explain.

7. Your budget just got cut by another 18.5 percent. How do you propose to allocate this shortfall, given
your concern that areas with low incomes are affected least?

Note: Different answers are possible for Questions 5—7. Explain how different approaches might affect
your answer. What do you conclude?



