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  How to Use This Book

  Statistics is a highly technical subject, replete with complex formulas and equations that seem written almost entirely in Greek. A basic course in statistics is required for most undergraduate majors in the social, natural, and physical sciences, not to mention those in education and business. Given the poor math backgrounds that most students bring to these courses, very few who complete statistics can apply any of the basic concepts that were covered.

  At some time in our lives, nearly all of us will encounter statistics at school, on the job, or just reading a newspaper. Many job descriptions call for quantitative skills, or, less formally, the ability to crunch numbers. What they really want is someone who can work with numbers, draw graphs, and do simple statistical analysis. Working your way through this book will not make you into an instant statistician, but you certainly will qualify as a number cruncher.

  You don’t know it yet, but you really lucked out by choosing this book. My approach is to make every problem as simple as possible. And rather than placing the answers to every other problem at the end of the book, I present a full solution immediately after every problem.

  You will be learning statistics by doing statistics. By the time you have worked your way through this book you will have done hundreds of problems. Statistics can appear quite intimidating because of all its unfamiliar terms and symbols as well as its rather complex formulas. Indeed, virtually every statistics book appears to be written largely in Greek. The only Greek letter you’ll need to learn in this book is ∑, or sigma, which means “sum of.” For example, ∑ X means the sum of the X’s. And (∑Y)2 means the sum of the Y’s squared.

  Do you need to know a lot of math to do the problems in this book? A smattering of very elementary algebra would be helpful. Mainly we’ll be plugging numbers into formulas and solving them arithmetically.

  What if your math skills are rusty? Well, if they’re really rusty, I would recommend that you read All the Math You’ll Ever Need (published by John Wiley and Sons), which I happened to write. You can work your way through this book in about three weeks to relearn any of the elementary, middle, and high school math you’ve forgotten.

  After a few chapters you’ll begin running into problems that call for doing a lot of multiplying and dividing. May you use a calculator? Definitely! In fact, it’s extremely hard to do statistics without one. Is there anything else you’ll need to do the problems in this book? Just one or two packages of graph paper and a ruler.

  Will you have to memorize a lot of formulas? No! Perhaps the only formula you’ll need to know is one that you probably have been using for years: the formula for computing the average, or mean:

  [image: ]

  The term X̅ is the mean, or average, of X. The letter n stands for the number of terms; in this case, the number of X’s. Putting it all together, we have: The mean of X is equal to the sum of X’s divided by the number of X’s. For example, what is the mean of 2, 5, and 8?

  [image: ]

  You’ll see that there are chapter reviews at the end of some chapters. These are the chapters that present a few different types of problems, so the problems in the chapter review serve as an end-of-chapter test. Please don’t go on to the next chapter until you are confident that you have mastered all the material. Unless you already know a substantial amount of statistics and are using this book just to refresh your memory and sharpen your skills, you’ll need to take your time working your way through this book. Statistics is hard enough as it is, especially if you are learning it on your own.

  There are times when you’ll run up against some very difficult problems. Don’t get discouraged. Sometimes the best course of action is to put the book aside for an hour or two, or even for a couple of days, and then come back to it. But what if you still don’t get it? Then I’d advise you to go on to the next topic, or even the next chapter. Almost no one who takes a statistics course actually learns every single thing that the course covers. So don’t get bogged down in the stuff that you can’t do. At some point you’ll need to cut your losses and go on to the stuff you can do.

  You’ll find very little discussion of statistical concepts and virtually no statistical theory here. Basically I’ll be showing you how to do particular types of problems step by step. Then I’ll ask you to work out exactly the same types of problems. Once you’ve done that, you’ll be able to check your work with my own step-by-step solutions. As I said before, you learn statistics by doing statistics.


  Chapter 1

  Presentation of Statistical Data

  There are three main ways to present statistical data—in tables, in graphs or charts, and in words. Let’s start with words.

  When Lisa was five years old she weighed 42 pounds. Her weight rose to 49 pounds when she was six, 57 pounds when she was seven, 66 pounds when she was eight, 76 pounds when she was nine, and 87 pounds when she was ten. Imagine if we recorded her weight for the rest of her life!

  There’s got to be a better way. Actually there are two better ways—constructing a table or drawing a graph. We’ll be doing both over the next few pages.

  We’ll work with tables and then move on to graphs and pie charts (which look exactly like pies, especially pizza pies). Tables are a good way to present data in an orderly, easy to read way. Of course if these tables contain hundreds of numbers, they may not be too easy to read. Luckily the tables you’ll be working with right now are quite simple.

  Face it, simple or complex, tables are boring. We can take the same data and make it into a much more interesting graph. And if we happen to have a set of magic markers, or better yet, a color printer, then there’s almost no limit to what we can draw. Except, of course, the data we’re working with.

  Simple Tables

  The U.S. government, economics textbook writers, and others with a whole lot on their minds are great at compiling tables containing hundreds of numbers. While these tables certainly squeeze a great deal of data into a small amount of space, they are often very difficult to use. We’re going to start out with very simple, easy-to-read tables and work our way up to tables that contain a little more data.

  What’s data? Data (which may be used as both a singular and a plural noun) is a collection of factual information, usually statistics or numbers. In this book, when we talk about data, we’re talking about numbers. Right now we’re going to be compiling tables containing a few numbers.

  In Table 1. 1 we show Lisa’s weight each year from the age of five to the age of ten. This is as easy as it gets.

  
    Table 1.1: Lisa’s Weight from Age Five to Age Ten

    
      
      
      
        	Age
        	Pounds
      

      
        	
      

      
        	  5
        	42
      

      
        	  6
        	49
      

      
        	  7
        	57
      

      
        	  8
        	66
      

      
        	  9
        	76
      

      
        	10
        	87
      

    

    

  

  Now let’s add a new set of data. Let’s add Karen’s weights at the same ages. That’s done in Table 1.2.

  
    Table 1.2: Lisa’s and Karen’s Weight from Age Five to Age Ten

    
      
      
      
      
        	Age
        	Lisa’s Weight in Pounds
        	Karen’s Weight in Pounds
      

      
        	
      

      
        	 
        	 
        	 
      

      
        	  5
        	42
        	39
      

      
        	  6
        	49
        	45
      

      
        	  7
        	57
        	51
      

      
        	  8
        	66
        	58
      

      
        	  9
        	76
        	66
      

      
        	10
        	87
        	75
      

    

    

  

  Sometimes we use tables to make comparisons. Suppose we wanted to compare the number of seats in the House of Representatives held by Democrats and Republicans in each of the four regions of the country. We’ve done that in Table 1.3, using the results of the election of 2020. Remember, you saw it first right here.

  
    Table 1.3: House Seats Won by Democrats and Republicans in the Election of 2020, by Region

    
      
        	Region
        	  Democrats
        	  Republicans
        	Total
      

      
        	
      

      
        	East
        	  64
        	  39
        	103
      

      
        	South
        	  49
        	  69
        	118
      

      
        	Midwest
        	  54
        	  47
        	101
      

      
        	West
        	  60
        	  53
        	113
      

      
        	
        	227
        	208
        	435
      

    

    

  

  I’ve been doing all the work so far. Now I’d like you to draw up a table. I’ll give you all the data and we’ll see what you can do with it. We’ll start you off with an easy one.

  The population of Upper Volta was 1,206,198 in 1920. It rose to 1,372,061 in 1930. It fell to 1,338,926 in 1940. Then it rose to 1,404,228 in 1950. And it rose again to 1,536,490 in 1960. Compile a table of Upper Volta’s population from 1920 to 1960. Do it on a separate piece of paper. Then compare your table with Table 1.4.

  
    Table 1.4: The Population of Upper Volta, 1920–1960

    
      
        	Year
        	Population
      

      
        	
      

      
        	1920
        	1,206,198
      

      
        	1930
        	1,372,061
      

      
        	1940
        	1,338,926
      

      
        	1950
        	1,404,228
      

      
        	1960
        	1,536,490
      

    

    

  

  Ready to do another one? All right, here it comes. In the first quarter of 1999, Brooklyn International Corporation had sales of $45,000 in the United States and $38,000 abroad. In the second quarter sales in the United States were $58,000 and sales abroad were $61,000. Sales in the third quarter in the United States were $48,000 and sales abroad were $55,000. And in the fourth quarter sales in the United States were $62,000 and sales abroad were $73,000. Compile a table showing Brooklyn International’s quarterly sales in the United States and abroad in 1999. Do this on a separate piece of paper and then check your work with mine in Table 1.5.

  
    Table 1.5: Quarterly Foreign and Domestic Sales of Brooklyn International Corporation. 1999

    
      
        	Quarter
        	U.S.   
        	Foreign
        	Total
      

      
        	
      

      
        	1
        	$ 45,000
        	$ 38,000
        	$ 83,000
      

      
        	2
        	58,000
        	61,000
        	119,000
      

      
        	3
        	48,000
        	55,000
        	103,000
      

      
        	4
        	62,000
        	73,000
        	135,000
      

      
        	Total
        	213,000
        	227,000
        	440,000
      

    

    

  

  Line Graphs

  Most graphs are actually very simple, and line graphs are perhaps the easiest to draw. All you do is lay out the graph, place the dots, and then connect them. But we’re getting a bit ahead of ourselves. Remember Table 1.1, which listed Lisa’s weight? I’m going to show you how to take the data from that table and make it into a line graph. Let’s start with Figure 1.1. It’s a simple piece of graph paper on which I’ve drawn two axes. On the vertical axis we have weight, and on the horizontal axis we have age.

  Figure 1.1: Graph with Two Axes

  [image: ]

  

  Now we put in the dots representing Lisa’s weight at each age. We did that in Figure 1.2.

  Figure 1.2: Graph with Dots Representing Lisa’s Weight

  [image: ]

  

  And finally we connect the dots. That gives us the line graph in Figure 1.3. Now exactly what does this graph show us?

  Figure 1.3: Lisa’s Weight from Age Five to Age Ten

  [image: ]

  

  It shows us that Lisa’s weight went up each year from when she was five until she was ten. We might even go so far as to say that her weight went up at an increasing rate each year. She gained 7 pounds, then 8 pounds, 9 pounds, 10 pounds, and 11 pounds. You can see all that just from looking at a graph. This may be just what the Chinese had in mind when they made up the proverb, “A picture is worth a thousand words.” Indeed the word “graph” means “picture.” So when you’re asked to draw a graph, you’re just being asked to draw a picture. And when someone looks at your graph, you hope they get the picture.

  Before we do the next graph, I’d like you to notice that we began our vertical axis at a weight of 40 pounds. Would it have been wrong to start it at zero? No, but if we had, we would have had all that empty space between 0 and 40 that we weren’t using. The important part of our graph-from 40 pounds up to 88 pounds-would have been squeezed into the upper half of the graph paper. Imagine that we were graphing weights from 648 pounds to 688 pounds. Would you still want to start at zero? If you did, your graph would be squeezed into a tiny space at the top of the graph paper. It would look like the graph in Figure 1.4.

  Figure 1.4: Graphing Weights from 648 to 688 Pounds

  [image: ]

  

  Here’s another graph for you to do-the weights of Lisa and Karen. Use the data in Table 1.2.

  Did you draw the graph? It should look something like what I’ve done in Figure 1.5.

  Figure 1.5: Lisa’s Weight and Karen’s Weight from Age Five to Age Ten

  [image: ]

  

  You’ll notice that I used a dotted line to trace Karen’s weight. That way there’s no confusing the two girls’ weights. Using a different color ink would be even better.

  Bar Graphs

  Using the same data that we used to make line graphs, we can also make bar graphs. In Figure 1.6 I’ve done a bar graph of Lisa’s weight.

  Figure 1.6: Lisa’s Weight from Age Five to Age Ten

  [image: ]

  

  A bar graph can also be drawn horizontally. Using the same data, I’ve done that in Figure 1. 7.

  Figure 1.7: Lisa’s Weight from Age Five to Age Ten
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  When do you draw a bar graph and when do you draw a line graph? Sometimes one or the other looks more dramatic. Suppose you were making a presentation at a sales conference. You wanted to show that sales were going through the roof, and you wanted to make sure that even the people way in the back of the room could see your flip chart. I’d go for the line graph, and I’d make that line with a thick red marker.

  Enough chitchat! It’s time to go back to work. Remember those Republican and Democratic representatives we left back in Table 1.3? Let’s see you do a vertical bar graph, region by region. Use your own graph paper and lay out the regions on the horizontal axis and the number of seats won by Democrats and Republicans on the vertical axis.

  Did you do it? How did it come out? I hope something like what I’ve got in Figure 1.8.

   

  Figure 1.8: House Seats Won by Democrats and Republicans in the Election of 2020, by Region

   

  [image: ]

  

  You’ll notice a couple of things about my graph. First, I distinguished between the Democratic and Republican bars by making the Democrat bars a lighter shade. Once you know that the Democrats have the lighter-shaded bars and the Republicans have the darker-shaded bars, which I noted at the bottom of the graph, you can see the election results at a glance. Incidentally, you know you’ve drawn your graph well when the reader can see exactly what you’re saying at just a glance.

  You may have also noticed that I started the vertical axis at zero, rather than at around 35. Why? Because I wanted to compare the total number of seats won by the Republicans and Democrats in each region. If I started my vertical axis at 35, my graph would have had a truncated effect, exaggerating the relative regional strengths of the Democrats and Republicans. I’ve illustrated that in Figure 1. 9.

   

  Figure 1.9: House Seats Won by Democrats and Republicans in the Election of 2020, by Region

   

  [image: ]

  

  If you just glance at Figure 1.9, you get the impression that the Democrats completely dominate the East, Midwest, and West, while the Republicans completely dominate the South. But if you were to glance back at Figure 1.8, you would quickly see that the two parties are a lot more competitive in each region.

  Does that mean that Figure 1.8 is more correct than Figure 1.9? No! A careful reader would get exactly the same message from both graphs, since both show exactly the same data. The problem is that most readers will not spend more than a few seconds looking at your graphs. Sorry, but that’s how the world works.

  To come back to the flip charts, you have only a few seconds to capture your audience’s attention, so you need to make the most of it. You want to draw large, colorful charts that are easy to read from a distance. Whether you draw line graphs or bar graphs or present your data in other ways often comes down to judgment. And judgment comes with experience. That’s why I want you to keep drawing graphs.

  Histograms

  Histograms are bar graphs that are pushed together. Glance back at Figure 1.6, which is a bar graph of Lisa’s weight from ages five to ten. Using this data, we drew a histogram in Figure 1.10.

   

  Figure 1.10: Lisa’s Weight at Ages Five to Ten

   

  [image: ]

  

  A histogram can be even more dramatic when it is done in a solid color, as in Figure 1.11. Remember that readers seldom spend more than a few seconds looking at graphs and charts, so you need to make a strong visual impression.

   

  Figure 1.11: Lisa’s Weight at Ages Five to Ten

   

  [image: ]

  

   

  Now it’s your turn to draw a histogram. Use the data in Table 1.4, which shows the population of Upper Volta from 1920 to 1960.

   

  Figure 1.12: Population of Upper Volta, 1920–1960
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  Your histogram should look something like mine in Figure 1.12. Mine is a bit more stretched out horizontally than the one I drew in Figure 1.11. There are no set rules about proportions, so you can stretch out a histogram vertically or horizontally. In a box near the end of the chapter, “How to Lie with Statistics,” we talk more about this issue.

  Pie Charts

  Pie charts are exactly what they sound like—simply sliced-up pies. Each slice represents a portion of the pie. Usually we draw pie charts with three to six slices, although occasionally you may see one with eight or nine slices. The problem with having a lot of slices is that some may be too small to see very well.

  The pie chart shown in Figure 1.13 has four equal slices, which may be called quadrants, or quarters.

   

  Figure 1.13: Pie Chart with Four Equal Quadrants

  [image: ]

  

  What would a pizza pie look like? It would have eight equal slices, unless we’re talking about one of those square Sicilian pies. (I always thought pies were round and cakes were square.)

  Data for pie charts need to be in percentage form-a topic we’ll take up in Chapter 4. For now, we’ll just put our data into percentage form. Suppose the federal government gets 38 percent of its revenue from the personal income tax, 34 percent from social insurance taxes, 15 percent from the corporate income tax, 9 percent from borrowing, and 4 percent from excise taxes. Draw a pie chart for these sources of federal revenue. (Do the best you can sketching a circle on a piece of paper or, better yet, use a compass.) Your pie chart should look something like the one I’ve drawn in Figure 1.14.

   

  Figure 1.14: Pie Chart Representing Sources of Federal Revenue

   

  [image: ]

  

  Complex Graphs

  Don’t worry. The graphs you’ll be drawing won’t be that complex. What we’ll be doing here is making comparisons rather than just drawing individual pictures.

  For example, let’s compare the Republican, Democratic, and Independent votes in the presidential elections in 1992 with those in 1996. I’ve done that in the bar graph in Figure 1.15.

   

  Figure 1.15: Percentage Share of 1992 and 1996 Presidential Votes

   

  [image: ]

  

   

  Use that data to draw two pie charts (one for 1992 and the other for 1996) that make the same comparison.

  Your pie charts should look something like mine in Figure 1.16. Incidentally, which type of graph makes a clearer comparison—the bar graph in Figure 1.15 or the pie chart in Figure 1.16?

   

  Figure 1.16: Percentage Share of 1992 and 1996 Presidential Votes

   

  [image: ]

  

   

  My own feeling is that the pie charts do a better job. As you draw more and more graphs, you can mentally make visual comparisons. You’ll find this very useful, except, perhaps, when you ’re driving.

  Now for our last trick. And to show you what a nice guy I am, I’ll do this one by myself and I won’t ask you to do another one like it.

  Before we can even think about drawing this graph, I’d like you to take a look at Table 1.6. Do you see what’s going on here?

   

  
    Table 1.6: Federal, State, and Local Government Spending, 2025–2029 (in billions of dollars)

    
      
        	 
        	 
        	 
        	 
        	 
        	 
      

      
        	 
        	2025
        	2026
        	2027
        	2028
        	2029
      

      
        	
        	
      

      
        	 
        	 
        	 
        	 
        	 
        	 
      

      
        	Federal
        	3,810
        	3,990
        	4,110
        	4,240
        	4,380
      

      
        	State
        	1,140
        	1,180
        	1,220
        	1,270
        	1,330
      

      
        	Local
        	1,680
        	1,750
        	1,830
        	1,920
        	2,020
      

      
        	Total
        	6,630
        	6,920
        	7,160
        	7,430
        	7,730
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