Chapter 2

Place Description, Ranking and Mapping 


People often want very basic information about housing and population in specific areas like cities or counties. They want to know the number of children within a community, the level of poverty, the kinds of employment that people are engaged in, or the size and age of housing. Political representation and revenue sharing are allocated based on numbers of persons, and the amount of government spending is often based on the numbers of persons with a given characteristic. Through the use of tables, graphs, and maps one can say a great deal about the characteristics of the population and housing without having to resort to more elegant statistical methods and models.

Just acquiring the desired information is often not sufficient. To understand the meaning of the data, the values should be compared to a place of similar size or to a larger summary area such as an entire city, county, state, region, or the United States. This information helps one understand whether the acquired data values are greatly different from those of a much larger population. For example, data for the city of San Francisco could be compared to corresponding values for other cities in California or the State as a whole while values of California could be compared to either other states or national averages.


Furthermore, demographers frequently extract the same information for earlier censuses. In this way they get a sense about whether the current values represent increases or decreases from previous decades.

A. Some Basic Population Data Describing a City

As an example we will arbitrarily pick the city of Glendale, California. It has a census place FIPS code of 30000.  

Table 1. Ethnic Populations in Glendale, Los Angeles, and California, 2000
	Name
	California
	Glendale
	Los Angeles

	FIPS
	_06
	30000
	44000

	Area in Sq.mi.
	155,958.6
	30.6
	469.1

	Total Pop.
	33,871,648
	194,973
	3,694,820

	Density
	217
	6,362
	7,877

	NhWhite Alone
	15,816,790
	105,597
	1,099,188

	Latino
	10,966,556
	38,452
	1,719,073

	Black
	2,263,882
	2,468
	415,195

	Amer Indian
	333,346
	629
	29,412

	Asian
	3,697,513
	31,424
	369,254

	Pacific Isl
	116,961
	163
	5,915

	Two Plus Races
	1,607,646
	19,614
	191,288

	Male
	16,874,892
	93,074
	1,841,805

	Female
	16,996,756
	101,899
	1,853,015

	Male 65+
	1,513,874
	10,791
	148,051

	Female 65+
	2,081,784
	16,323
	209,078

	Avg  Househld  Size
	2.87
	2.68
	2.83

	Avg Family Size
	3.43
	3.27
	3.56

	% NH White Alone
	46.7
	54.2
	29.7

	% Latino
	32.4
	19.7
	46.5

	% Black
	6.7
	1.3
	11.2

	% Amer Indian
	1.0
	0.3
	0.8

	% Asian
	10.9
	16.1
	10.0

	% Pacific Islander
	0.3
	0.1
	0.2

	% Two Plus Races
	4.7
	10.1
	5.2

	% Male
	49.8
	47.7
	49.8

	% Male 65 years
	9.0
	11.6
	8.0

	% Female 65 years
	12.2
	16.0
	11.3

	% Foreign-born
	26.2
	54.4
	40.9

	% Hisp Speak Eng Only or Very Well
	56.9
	57.2
	45.5

	Med. HseHld Income
	47,493
	41,805
	36,687

	% BA deg. or higher
	26.6
	32.1
	25.5

	% Owner-occ HU
	56.9
	38.4
	38.6



Glendale is a city of about 31 square miles located just northeast of downtown Los Angeles. Its 2000 population was about 195,000.


Density - The population density of the city seems high compared to all California, but the state contains large, unsettled areas while most cities do not. Glendale does contain some unpopulated area in the Verdugo Mountains which contributes to its lower density than neighboring Los Angeles. Density computed this way assumes the population is spread evenly over the sampling area, but this is rarely the case.


Ethnicity - Non-Hispanic Whites are the largest group within the city population. Expressed as a percentage, non-Hispanic Whites constituted about 54% of the Glendale population while Hispanics and Asians accounted for 20% and 16% respectively. Compared to the State, Glendale has higher percentages of both whites and Asians and a substantially lower percentage of Blacks. If more detailed race data had been used, the relatively large Korean and Filipino communities within Glendale would have been evident within the Asian category.


What is somewhat unusual about Glendale is the very high percent of persons reporting two or more races. This may have been the result of some effort to do so at the time of the census, since in most areas this category is a mix of White and Latino persons and Glendale has fewer Latinos than other areas.


Family Size - An important indicator of the number of people in a household is the average number of people per household, but the number of people in an average family is also sometimes used. In Glendale the average family size and average household size are slightly lower than the State. This may be a result of an older population, more singles, or the larger White population, a group that tends to have smaller families. 

Sex - There are fewer males than females in Glendale and the percent is lower than for all California. This may be another indicator of an older population in the city since the number of females tends to exceed the number of males in older age groups..

Other Variables – The last five items in the table represent characteristics that express something about the economic success and assimilation of immigrants in the population. Glendale has quite a high foreign-born population that would suggest the city is attractive to immigrants. Armenians, part of the non-Hispanic White population, have settled here in significant numbers. This is also reflected in the higher percent of non-Hispanic White population.


The percent of Latinos speaking English only or very well is also quite high and suggests this population could be more assimilated into American culture than some other areas. 


The median household income is used since other members of a family often contribute to the support of a household. Glendale’s median household income is lower than the state, but better than neighboring Los Angeles. 

Strongly correlated with income is education. Glendale has a somewhat better educated population with a higher percent of the persons age 25 or higher with at least a bachelor’s degree.

B. Examining a Characteristic in All Cities - Ranking Places


Often one wants to see how places rank according to a given characteristic. This sort of activity has become popular as authors have ordered places according to their being the best place to live, to do business, to attend college, or to retire. Once the ranking is done, those places that have very high or very low values can be examined in more detail to see if reasons can be determined for their position in the ranking. 


When describing a population one has several choices for presenting the data, but usually one should look at both the actual counts, and, if the variable is a subset of a Universe or “population at risk,” the percent of the Universe. In other cases, one may also wish to look at the density of the count in order to discount differences in the size of the sampling areas. In other words, large areas will usually have greater counts simply because they cover more territory and not because there is any difference in the distribution of the counted population. Similarly, places with large total populations such as Los Angeles City and County, will always have greater counts of ethnic groups, seniors, youth, persons in poverty, and so on. Thus, analyses of only counts of these subgroups will typically result in an ordering of places that duplicates that of the Universe. 


For example, in the table below the states have been ordered by the size of their populations. Note that the ranking by size on the other census variables is very similar. These are number of non-Hispanic Whites, males over age 65, females under age 13, males over age 15 never married, and occupied housing units.
Table 2. Ranking of States Based on Census Variable Counts
	Geography
	Totalpop
	NHWhite
	Male65
	Femle12
	MaleNMar
	OccHUn

	California
	1
	1
	1
	1
	1
	1

	Texas
	2
	3
	4
	2
	3
	2

	New York
	3
	2
	3
	3
	2
	3

	Florida
	4
	4
	2
	4
	4
	4

	Illinois
	5
	7
	7
	5
	5
	6

	Pennsylvania
	6
	5
	5
	7
	6
	5

	Ohio
	7
	6
	6
	6
	7
	7

	Michigan
	8
	8
	8
	8
	8
	8

	New Jersey
	9
	10
	9
	10
	9
	10

	Georgia
	10
	13
	13
	9
	10
	11

	North Carolina
	11
	9
	10
	11
	11
	9

	Virginia
	12
	14
	12
	12
	13
	12

	Massachusetts
	13
	12
	11
	14
	12
	13

	Indiana
	14
	11
	15
	13
	15
	14

	Washington
	15
	17
	18
	15
	14
	15

	Tennessee
	16
	18
	19
	17
	21
	16

	Missouri
	17
	15
	14
	16
	19
	17

	Wisconsin
	18
	16
	17
	20
	16
	18

	Maryland
	19
	21
	21
	19
	17
	19

	Arizona
	20
	22
	16
	18
	20
	20

	Minnesota
	21
	19
	20
	21
	18
	21

	Louisiana
	22
	26
	23
	22
	23
	24

	Alabama
	23
	24
	22
	23
	24
	22

	Colorado
	24
	23
	30
	24
	22
	23

	Kentucky
	25
	20
	24
	26
	26
	25

	South Carolina
	26
	28
	25
	25
	25
	26

	Oklahoma
	27
	30
	27
	27
	29
	27

	Oregon
	28
	25
	28
	29
	28
	28

	Connecticut
	29
	29
	26
	28
	27
	29

	Iowa
	30
	27
	29
	31
	31
	30

	Mississippi
	31
	34
	33
	30
	30
	31

	Kansas
	32
	31
	32
	33
	32
	33

	Arkansas
	33
	32
	31
	34
	34
	32

	Utah
	34
	33
	38
	32
	33
	36

	Nevada
	35
	37
	35
	35
	35
	34

	New Mexico
	36
	42
	37
	36
	36
	37

	West Virginia
	37
	35
	34
	38
	38
	35

	Nebraska
	38
	36
	36
	37
	37
	38

	Idaho
	39
	40
	41
	39
	43
	41

	Maine
	40
	38
	39
	42
	40
	39

	New Hampshire
	41
	39
	42
	40
	41
	40

	Hawaii
	42
	50
	40
	41
	39
	43

	Rhode Island
	43
	41
	43
	43
	42
	42

	Montana
	44
	43
	44
	44
	45
	44

	Delaware
	45
	47
	46
	45
	46
	45

	South Dakota
	46
	44
	45
	46
	47
	46

	North Dakota
	47
	45
	47
	48
	48
	47

	Alaska
	48
	49
	51
	47
	49
	50

	Vermont
	49
	46
	48
	49
	50
	49

	Wash. D.C.
	50
	51
	49
	50
	44
	48

	Wyoming
	51
	48
	50
	51
	51
	51



One common way to control for the underlying population is to express the data as a percent of the Universe rather than as a count. To calculate a percentage one would multiply the subgroup count by 100 and then divide by the Universe. So if 5000 men are employed in construction and the Universe consists of 23,000 full-time civilian-employed males age 16 and older, the percent of men age 16 and older employed in construction would be 5,000 * 100 / 23,000 or 21.7 percent. Sometimes people are careless and forget to multiply the proportion by 100 to calculate the true percent. Also, people often forget to use the Universe and instead use the total population that includes people that are not potentially part of the variable of concern. In this case, using the total male population would include retired persons and those not in the work force and this could cloud any analyses of construction employment. 

While the percent of males employed in construction is useful to know, one still needs to keep track of the actual numbers involved, because it is not uncommon to obtain very high percents from very low numbers. For example, if two males lived in an area and one was in construction, the percent employed in construction could be 50 percent, a very high number. People sometimes set a minimum threshold for areas to be included in the analysis of percents. For example, the Bureau of the Census sets a threshold of 50 sampled persons in an area before it will report the data from the sample questionnaire.

To examine a description of demographic characteristics of the United States see the following report:

http://www.census.gov/prod/2002pubs/censr-4.pdf 
C. Describing a Distribution with Statistics


Rather than examine individual cases of a distribution researchers often seek summary statistics that capture the general nature of a set of data. These hopefully provide enough information to enable one to say if one set of data is likely to be different from another or whether a sample of data values is representative of the total population. These summary statistics include measures of centrality for the distribution such as the mean and median. The former is simply the sum of all values divided by the number of values and the latter is the midvalue in the distribution when all values are ordered from low to high. The median is insensitive to very extreme values, and so it frequently is used to summarize a census variable such as income. 

 
Distributions are further described by measures of dispersion such as the range and standard deviation. These basically describe the amount of difference between the mean and individual data values. In other words, do the data values cluster closely about the mean or are they widely scattered? Additional measures of the skewness and peakedness of the distribution may also be made. Many of these serve as basic components of statistical tests of significance.


For the California City Population Density Data Set:


Mean = 4941.


Median = 3836.


Range = 24,500.


Standard Deviation = 3688.
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Because statistical values such as means, ranges, standard deviations, skewness, etc. summarize a distribution, it is possible to miss some important characteristics. In fact, some very different distributions can yield the same summary statistics as evidenced by Anscombe’s Quartet. At right are four distributions of two variables that have the same means, standard deviations, and regression equations. Thus, one should not rely totally on statistical measures since they give only a limited view of the distribution.

D. Graphing a Distribution


In addition to tables of data and statistical calculations, graphs have proved to be very useful tools for visually presenting the characteristics of a data set. One can quickly see clusters, gaps, and isolated values in a distribution when it has been graphed and this is particularly helpful when preparing to subject a data set to more advanced statistical procedures. Many statistics are based on a data distribution being normally distributed (being equally divided around the mean) and graphing the values reveals whether this is the case. 
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A simple way to get a first look at census data is to make a graph that shows the distribution of values from low to high. The frequency graph of the population density of California cities below shows the range of values expressed in steps of 500 along the horizontal X axis. The number or frequency of values in each group is shown on the Y axis.  The form of the graph is fairly typical of census data with many values clustering near the lower end of the scale and a tale extending out to the right. This distribution is not “normal” in a statistical sense, and so a researcher might want to make some effort to adjust for this. The graph also reveals various clusters of similar values and, for mapping, one might look for breaks and low points in the categories as possible locations to create class breaks.


Graphs come in a variety of forms, but relatively few are typically used. 
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The line graph is used to present continuous data such as temperature, time, or money. In the graph below is a line graph of the percent Hispanic population for three counties in 1980, 1990, and 2000.


The vertical bar graph is often used to report aggregated data over time. In the following graph the number of Hispanics are shown for four counties at three different decades. While the order of the four counties can be changed, the three columns reflect counts at three time periods.
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The horizontal bar graph is often used when comparing various geographic units. There is no strong justification for presenting the data in alphabetical order and so the geographic areas are sorted from high to low value in Excel so that the values of the individual counties can be compared more closely. 

When creating graphs in Excel you should be aware of a few design issues. First, try to make the grid divisions even whole numbers to better aid interpolation of values. The Format Axis > Scale command allows you to control the grid spacing of the data. If you are creating several graphs for a single page, try to keep the scale of all axes the same so that the displays are comparable. Second, keep the focus of the graphic on the bars or lines and not on the grid, text, or cute embedded pictures. As Edward Tufte says, above all else, show the data. Third, try reducing the need for a legend by labeling the lines or bars on the graph. Many graphs have only one or two variables, and so a legend just complicates reading the graph. Generally try to label things horizontally so the graph doesn’t have to be rotated to be read. Fourth, avoid three dimensional graphics for one or two dimensional data. There is nothing more confusing that a 3D bar graph since it is difficult to tell where on the scale the top of the bar lies. Excel and other programs offer 3D graphics. Generally, forget them. There are other suggestions for designing graphs, but this should at least get you started. Finally, don’t hesitate to copy your Excel graph into a graphics program like Illustrator or Freehand. Then you can make various needed text and graphic changes.
E. Mapping a Distribution


Maps especially reveal spatial qualities that are rarely evident in statistical tabulations. A researcher may notice that certain places seem to occur near one another when values are sorted in a table, but maps provide this information in detail and at a glance. For example, one can see in the map of places below that the most densely concentrated cities occur in a limited number of locations around Los Angeles, San Francisco, Boston, New York, Washington, and Miami.
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1. Census Geography


To produce maps one needs either a file of each boundary of each geographic unit or a single point to describe the centroid (spatial center) of the unit. Fortunately, the Bureau of the Census includes a latitude and longitude value for each of its described geographies. It also publishes the area of these units and that can be used to calculate the density of a variable within the unit.

The actual boundaries can be obtained in several ways: by using software that will generate them from the street segments in a census TIGER file, by purchasing them from one of several data vendors, or by downloading them (often for free) over the Internet. Usually boundary files provided by data vendors are better in quality than those from other sources. In addition, many geographic information systems (GIS) software packages include boundaries in their sample data for nations, states, counties and ZIP codes.


The Bureau of the Census reports its data for a range of statistical unit sizes, and so some thought needs to be given to the scope and the scale of a project. Does the research cover a region of the United States or just a neighborhood? The size of a statistical area used for analysis can be significant. It is important to realize that the results of analysis are applicable to only the selected units–not to individual people or to units of different sizes. For example, you can not claim that relationships exist among individuals based on your results using counties. 

For local area analysis, tracts have long been a preferred areal unit while at the regional or national level counties have been used. Within a local area, block-level statistics are occasionally used to compare neighborhoods. However, tabulations of data from the sample questions are unavailable for blocks, and so analysis possibilities are more limited.



2. Mapping Counts and Percents


Examining patterns of counts of population on maps reveals only part of a picture. Such maps indicate where there are more or fewer people, but they may not indicate differences in the relative concentration of one group compared to another. For example, mapping the number of Hispanics indicates where the numbers are, but one also would expect to find more Hispanics where there are more people. Thus, similar to tables and graphs, using counts of population components yields maps that are often very much alike. It is usually more valuable to additionally map the percentage of the total population that is Hispanic to reveal where the group is proportionately more concentrated. 
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Mapping a group by density (i.e. dividing by the sampling unit area) may also be helpful since it readjusts the total population count for the varying areas of the statistical units. A potential problem with mapping population counts is that larger statistical areas generally contain larger numbers of a population. 


Although a very large number of mapping styles are possible for portraying statistical information, in practice only a few are used. This is especially true when using computer software, which typically presents few mapping options. Following is a discussion of three common thematic mapping methods used with census data.

3. Choropleth Maps


The most common census mapping product is probably the choropleth map. Here the statistical areas are shaded in relation to the data values. The technique is very common with census data because values are reported for statistical areas. The values for the areal units are sorted and divided into four to eight classes. Each class is assigned a progressively darker or brighter tone such that a visual order is apparent that approximates increasing magnitude of the values. This would seem a straightforward relationship, but many people assign colors to categories in an almost random way. 
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An alternative approach is to use a bi-variate color scheme that uses two hues that progressively darken as values depart from an average or selected base value. At right those states that have a percent Hispanic that is greater than the national percent of 12.5 are shown in purple and those states with a lower percent are shown in green.

A real challenge in choropleth mapping is to decide on an appropriate number of classes and on a method for selecting class breaks. There is no simple answer to this problem. As a rule of thumb the method proposed by George Jenks (the default method and currently misnamed "natural breaks" in ArcView) would be preferable to others. This method seeks to minimize variation between values within the classes. In many situations, especially when a number of maps are to be compared, quantile breaks are appropriate. An alternative method occasionally used is to compute the mean of the distribution and to create class breaks based on standard deviation values about the mean.


On choropleth maps data should be expressed as a ratio, index, percentage, or density. Such maps are not appropriate for showing counts of people. Simply stated, large areas tend to appear in higher classes not because of any data characteristic, but because larger areas encompass a greater portion of a population distribution. Obviously Texas will have more people than Oklahoma because it covers more area. 


Another concern with the difference in size of the areal units on choropleth maps is that larger areas will visually dominate on the map and many of these are in rural areas with small populations. Often small but significant populations occur in very small areas such as the boroughs of New York or in Washington D. C. An inset map can be helpful in drawing attention to some of these smaller areas if they are not discernible on a map of a large area such as the entire United States.


4. Graduated Symbol Maps
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A second method often found in census mapping is graduated symbols. With this approach the area of a circle or square is made proportional to the value of an attribute. Graduated symbols may be used for point features such as cities and may represent counts of things. A frequent problem with this technique is that the range of values far exceeds the range that can be effectively presented on the map. Thus, it may be necessary to set a lower limit to be displayed. Values below the threshold are either not shown or are assigned a standard symbol. An alternative strategy available in some programs is to define a set of groups and then assign a single symbol size to all values falling within the range of a given group. This method, referred to as "range-graded symbols" invokes the classification schemes used for the choropleth map.


Some programs provide the option to create three dimensional spheres and cubes to portray the data, but these are less effective because people make judgments based on the actual areas covered by the symbols. The spatial location of such symbols also is less clear than for two-dimensional symbols. This also applies to the use of three dimensional symbols on graphs and so it is generally better to avoid using them even though they seem to “jazz” things up.

5. Dot Maps
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A third method is the dot map, a technique that requires the assignment of a given number of individuals to a dot. The dot is then located to represent the approximate location of a group of individuals. When done manually, additional maps and aerial photographs may be used to help determine the appropriate dot placement. It also permits the overlay of multiple distributions on the same map by using dots of different shapes or colors. 


Unfortunately, computer programs can only locate the dots randomly within a statistical area as shown right. The patterns only begin to become meaningful when statistical areas shown on the map are very small. In other cases, the look of the distribution can be improved by moving the map to a graphic arts program where dots can be moved individually away from unpopulated areas within the statistical units. 


6. Mapping with ArcGIS

The California State University currently has a site-license for ESRI software that includes a mapping/GIS package called ArcGIS. This package, or other GIS software, can be used to produce choropleth, graduated symbol, and dot maps from census data. 

In Exercise 2 you will have the opportunity to download and process some census data from the Bureau of the Census web site.

F. Exercises

Ex 3.  Introduction to Excel

Ex 4.  Analyzing Census Data in Excel

Ex 15.  Mapping Census 2000 Data
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