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Introduction

By now you should be capable of basic data organization and programming
commands, you should know how to transform and combine data, and how to
save and report results (+ how to make fancy tables and graphs).

Our last topic will be data analysis and visualization, we will learn . . .
I how good graphs and tables look like,
I how good graphs and tables are done in Stata, and finally
I some selected topics (such as geographical maps and how to do them)

I assume you have the basic statistical knowledge (e.g., what are moments of
a distribution, types of distributions, joint distributions, regression theory,
and so forth) — what I teach in Econometrics I is totally su�cient.

There are three main references I use for this chapter: (esp. the last one)
I Tufte, E. (2007), The Visual Display of Quantitative Information, Graphics Press.

I Schwabish, J.A. (2014), An Economist’s Guide to Visualizing Data, Journal of
Economic Perspectives, 28(1), 209–234.

I Martin Halla, How to make good graphs and tables, slide set. [download]
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https://www.dropbox.com/s/4m49z8tyvva89oc/slides_graphs.pdf?dl=0


E.1

How to present data
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How to present data

How do good graphs look like?

How do good tables look like?
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Good graphs

There is a common theme in the references I provided before. They can be
summarized as follows.

Garbage in—garbage out−→ good graphs reveal data, with as few
theoretical/structural assumptions as possible.

I “Of course, statistical graphics, just like statistical calculations, are only as good as what
goes into them. An ill-specified or preposterous model or a puny data set cannot be
rescued by a graphic (or by calculation), no matter how clever or fancy.”

Maximize information–ink ratio, reduce the clutter, and show the graph in the
clearest way possible.

Integrate the text and the graph−→ graphs are constructed to complement
the text, but should also contain enough information to stand alone.

Standard graphs in Stata often don’t fulfill these points. Download the tufte
scheme from the SSC library.
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Good graphs according to Tufte . . .

show the data and avoid distorting what the data have to say

induce the viewer to think about the substance rather than about
methodology, graphic design, the technology of graphic production, or
something else

present many numbers in a small space

make large data sets coherent

encourage the eye to compare di�erent pieces of data

reveal the data at several levels of detail, from a broad overview to the fine
structure

serve a reasonably clear purpose: description, exploration, tabulation, or
decoration

be closely integrated with the statistical and verbal descriptions of a data set.
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Reduce the clutter Schwabish (2014, JEP)

Option (a)

vs.

Option (b)

Do not use the left option−→ unnecessary clutter, only option (b) maximizes
the information–ink ratio.

Other examples of clutter:
I dark or heavy gridlines
I unnecessary tick marks, labels, or text
I unnecessary icons or pictures
I ornamental shading and gradients
I unnecessary dimensions.

Alexander Ahammer (JKU) Module E: Data analysis & visualization 7 / 54



Some examples of good and bad graphs Schwabish (2014, JEP)
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Some examples of good and bad graphs Schwabish (2014, JEP)

Alexander Ahammer (JKU) Module E: Data analysis & visualization 9 / 54



Some examples of good and bad graphs Schwabish (2014, JEP)
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Some examples of good and bad graphs Schwabish (2014, JEP)
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Intermezzo How can you draw such a graph?

. sysuse lifeexp.dta, clear
(Life expectancy, 1998)
. g lgnppc = ln(gnppc)
(5 missing values generated)
. g tag = inlist(country,"Haiti","Denmark","Norway","Switzerland")
. tw (scatter lexp lgnppc if tag == 0, msymbol(o) mcolor(gs11)) ///
> (scatter lexp lgnppc if tag == 1, msymbol(o) mcolor("255 69 0") ///
> mlab(country) mlabsize(vsmall) mlabpos(3)), xtitle("ln(GDP)") ///
> legend(off)
. gr export "slides/graphs/tufte1.pdf", as(pdf) replace
(file slides/graphs/tufte1.pdf written in PDF format)

It is essentially a set of overlaid scatterplots.

Putting each label in a di�erent position or using arrows to indicate labels is
possible but tedious to code.

Exercise: find a solution!
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Intermezzo How can you draw such a graph?
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Some examples of good and bad graphs Schwabish (2014, JEP)
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Some examples of good and bad graphs Schwabish (2014, JEP)
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Some examples of good and bad graphs Schwabish (2014, JEP)
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The spaghetti chart Schwabish (2014, JEP)
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Use this instead of spaghetti charts Schwabish (2014, JEP)
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Intermezzo How can you draw such a graph?
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Not the best example, because the three time series are hardly overlapping
anyways. Normally you would do that if you can’t distinguish the series.

I use three di�erent graph commands with a globaloptions local, I think
this makes more sense than looping with several if conditions.

Exercise Instead of having the first of the respective month on the x-axis, try
to keep the ticks but put the
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. sysuse xtline1.dta, clear

. xtset person day
panel variable: person (strongly balanced)
time variable: day, 01jan2002 to 31dec2002

delta: 1 day
.
. loc globaloptions "legend(off) xtitle("") xlab(#8, format(%tdMon_dd))"
.
. * graph 1
. #delimit ;
delimiter now ;
. tw (line calories day if person == 1, lpattern(solid) lcolor("255 69 0") lwidth(*2))
> (line calories day if person == 2, lpattern(solid) lcolor(gs12))
> (line calories day if person == 3, lpattern(solid) lcolor(gs12)),
> ylab(3500(500)5000) title("Tess") name(g1, replace) `globaloptions´
> ;
. #delimit cr
delimiter now cr
.
. * graph 2
. #delimit ;
delimiter now ;
. tw (line calories day if person == 1, lpattern(solid) lcolor(gs12))
> (line calories day if person == 2, lpattern(solid) lcolor("255 69 0") lwidth(*2))
> (line calories day if person == 3, lpattern(solid) lcolor(gs12)),
> ylab(none) ytitle("") yticks(3500(500)5000, grid) title("Sam") name(g2, replace) `globaloptions´
> ;
. #delimit cr
delimiter now cr
.
. * graph 3
. #delimit ;
delimiter now ;
. tw (line calories day if person == 1, lpattern(solid) lcolor(gs12))
> (line calories day if person == 2, lpattern(solid) lcolor(gs12))
> (line calories day if person == 3, lpattern(solid) lcolor("255 69 0") lwidth(*2)),
> ylab(none) ytitle("") yticks(3500(500)5000, grid) title("Arnold") name(g3, replace) `globaloptions´
> ;
. #delimit cr
delimiter now cr
.
. gr combine g1 g2 g3, cols(3) scale(1.1) xsize(9)

Alexander Ahammer (JKU) Module E: Data analysis & visualization 21 / 54



Intermezzo Two remarks

Don’t use pie charts.
I Forces readers to make comparisons using the areas of the slices or the angles

formed by the slices, something our visual perception does not accurately
support. Donut charts are even worse.

Never use 3D charts.
I Why the 3rd dimension? Adds clutter but no information.
I Distorts the information.

You will never see these graphs in scientific publications.

You know what’s the worst? 3D pie charts.
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A horrible 3D chart Schwabish (2014, JEP)
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Use a bar chart instead Schwabish (2014, JEP)
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Pie charts Schwabish (2014, JEP)

Let’s try to guess the size of the slices.
Don’t look at the next slide.
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Pie charts Schwabish (2014, JEP)
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Try to guess the size here Schwabish (2014, JEP)
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Comparing two pie charts Schwabish (2014, JEP)
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Use a bar chart Schwabish (2014, JEP)
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Use a stacked bar chart Schwabish (2014, JEP)
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Use a slope chart Schwabish (2014, JEP)
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Graphs should be self explanatory

Always compose a graph in a way that every reader immediately understands
it without having to look in the text for explanation.

Every graph should have a caption or a title (typically on top of the graph) and
a figure note, explaining the graph.

I The title should be short, e.g., “The e�ect of x on y, 2000–2012”

I The figure note should be very detailed; it should allow the reader to understand
the graph without having to refer to the main text.

Use integrated legends, either right below the title, directly on the chart, or at
the end of a line.

Typically graphs are placed after the main text, but this is a question of
preference. If you put them in the main text, make sure that they float on top
of the page. Use landscape graphs if necessary.

If you use colored graphs, make sure that no information is lost when it is
printed in gray scales.
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Graphs should be self explanatory
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Use maps whenever possible

Tufte emphasizes the value of geographical maps, because they allow to show
an incredible amount of detail that would not be possible to show in text or
tables.

I We devote an entire section to making maps in Stata.

Immediately shows general overall patterns, but also makes it possible to
detect very fine area-by-area detail.

Attention is directed toward exploring the substantive content of the data
rather than toward questions of methodology and technique.

Maps also have flaws−→ for example, they wrongly equate the visual
importance of each area with its size rather than with the number of people
living in the county (this can be circumvented).
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Use maps whenever possible
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Good tables

Good tables have the following structure:

Title

Header
I A matrix of column headings (and their subheadings) and side (row) headings

Field/cells
I Rows and columns containing the data

Explanatory notes
I Complements the info to fully understand the numbers presented and give

additional information
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Good tables

Each column needs a heading

Do not separate columns with vertical lines

Do not use horizontal lines excessively
I Top and bottom of the table
I Line separating the heading from the main body
I Rather use vertical spacing

Use a reasonable number of post-decimal digits (max. 3)

Align decimal points vertically with each other

Add notes−→ table should be self-contained
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Good regression tables

Indicate clearly the dependent variable, the treatment or main explanatory
variable of interest, and the estimation method.

Main field should contain . . .
I Coe�cients (or marginal e�ects in non-linear models)
I Standard errors (or confidence intervals or t-statistics)
I Graphical indication of certain significance levels using asterisks (∗)

Additional information which may be useful
I Number of observations
I Mean and sd of dependent variable
I Mean and sd of treatment var
I Goodness of fit measure of fit
I Diagnostics

Show estimates graphically, especially if you, for example, compare
coe�cients between models
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E.2

Describing and comparing distributions
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Di�erent types of distributions
Depending on the types and distribution of a variable, there are di�erent
possible visual representations.

I Binary variables
I Categorical variables
I Count variables (discrete vars with a possibly large number of realizations)
I Continuous variables

The same goes if you are interested in bivariate relationships, e.g.,
I Continuous vs. continuous−→ scatter plot
I Continuous vs. binary−→ table with means and sd’s by the binary var
I Categorical vs. categorical−→ two-way frequency table of bar chart

If you don’t know how a variable x is coded in your data, try one of the
following commands

I codebook x
I inspect x

There are two great books which show you examples of graphs and tables for
every possible type of variable and combinations of variables:

I Kohler and Kreuter (2012), Data Analysis Using Stata, 3rd edition, Stata Press.
I Mitchell (2012), A Visual Guide to Stata Graphics, 3rd edition, Stata Press.
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Di�erent types of distributions
Find out how vars are coded

. codebook p_educ e_wage

p_educ [worker] education

type: numeric (byte)
label: educ
range: [0,5] units: 1

unique values: 6 missing .: 33,286/322,375
tabulation: Freq. Numeric Label

1,231 0 keine Pflichtschule
37,108 1 Pflichtschule

122,264 2 Lehre
50,449 3 mittlere Schule (o. Matura)
59,636 4 hoehere Schule (m. Matura)
18,401 5 Hochschule od. Universitaet
33,286 .

e_wage [emp] annual wage

type: numeric (double)
range: [.00333333,1144276.2] units: 1.000e-10

unique values: 176,888 missing .: 0/322,375
mean: 25995

std. dev: 16373.2
percentiles: 10% 25% 50% 75% 90%

7863.87 15408.4 24618.2 33516 44050.6
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Di�erent types of distributions
Find out how vars are coded

. inspect p_educ e_wage
p_educ: [worker] education Number of Observations

Total Integers Nonintegers
# Negative - - -
# Zero 1,231 1,231 -
# Positive 287,858 287,858 -
# #
# # # Total 289,089 289,089 -

. # # # # Missing 33,286

0 5 322,375
(6 unique values)

p_educ is labeled and all values are documented in the label.
e_wage: [emp] annual wage Number of Observations

Total Integers Nonintegers
# Negative - - -
# Zero - - -
# Positive 322,375 28,999 293,376
#
# Total 322,375 28,999 293,376
# . . . . Missing -

.0033333 1144276 322,375
(More than 99 unique values)
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Histograms
A general way to represent univariate distributions are histograms. In Stata, you
can draw them using hist. Use the discrete option if you want to plot the
distribution of a discrete variable.
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The histogram is nothing else than an estimate of the probability distribution (pdf)
of a variable. You have to select the bin size (i.e., you divide the range of values
into a series of intervals). Smooth estimates of the pdf can be plotted, e.g., with
kdensity.
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E.3

Geographical maps
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Geo maps

As Tufte notes, maps are great.
I Show both an overall pattern as well as incredible detail

Creating a map in Stata requires multiple steps we have learned this
semester, it is an adequate last exercise.

Exercise Let’s draw the average sick leave rate per patient in the data in 2010
for every Austrian municipality.
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Shape files

First, we need a shape file

Popular geospatial vector data format to store geographic information

The shape file format stores the data as primitive geometric shapes like
points, lines, and polygons. These shapes, together with data attributes that
are linked to each shape, create the representation of the geographic data.

O�cial statistics agencies often o�er shape files. Let’s find one for Upper
Austria.

I Google shape file + oberösterreich + gemeinden
I www.data.gv.at has Gemeindegrenzen and Bezirksgrenzen for (Upper) Austria
I Make sure that the geo coding is consistent with your data

Shape files always contain
I .shp — shape format; the feature geometry itself
I .shx — shape index format; positional index of the feature geometry
I .dbf — attribute format; columnar attributes for each shape, in dBase IV format
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Shape files

I downloaded this: http://e-gov.ooe.gv.at/at.gv.ooe.
dorisdaten/DORIS_Basisdaten/GEMEINDEGRENZEN_GEN.zip

In order to get the coordinates into Stata, we use the user-written command

shp2dta
I Converts shape boundary files to Stata datasets
I database(filename ) makes new dataset containing the .dbf file data
I coordinates(filename ) makes new dataset containing the .shp file data

This is the command I use:

shp2dta using "do/map/shapefile/GEMEINDEGRENZEN_GEN",
database(UAdata) coordinates(UA) genid(id) replace

=⇒ All files should have the same name (GEMEINDEGRENZEN_GEN), Stata
automatically looks for the ones with the right ending.
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Shape files

Sometimes the geo coding is not consistent with your data. Also in our case,
the municipalities are coded using the so-called Gemeindekennzi�er, but we
have Postleitzahlen (zip codes) in our data.

This means we have to convert between the two. We have to look for a file
that contains 1:1 matches between Gemeindekennzi�ern and Postleitzahlen.

I This may not be a perfect 1:1 match, but let’s see what we can get.

https://www.statistik.at/web_de/klassifikationen/
regionale_gliederungen/gemeinden/index.html

I This is a horrible database, but it will do the trick for now.

Let’s convert this to Stata format and match it to our sick leave data.
I Let’s do that in Stata, I will upload the code after the lesson.
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The end result
Sick leaves per patient
(6.186813,9.141026]
(5.476923,6.186813]
(4.864865,5.476923]
[1.75,4.864865]
No data
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Thank you!

It was a great first course. Feedback and criticism is highly welcome:
alexander.ahammer@jku.at

If you want to keep up with my work:
https://sites.google.com/view/alexanderahammer
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Going forward . . .
There is an infinite number of applications where you can use Stata, and with that
come an infinite number of problems you will encounter. Here are some links that
may help you:

Blog Series on programming an estimation command [Link]
I You may be required to program your own estimation command (especially if you strive for

a career in academia, but not only then). This series of blog posts is a great and intuitive
way to start, and additionally you may consider the book ‘The Mata Book: A Book for
Serious Programmers and Those Who Want to Be’ (William Gould, Stata Press).

Read the Stata journal [Link]
I Check the Stata journal for new user-written commands and tips related to workflow. Many

theoretical econometricians program Stata suits and write corresponding articles in the
Stata journal.

There may exist Stata books for your field [Link]
I Stata press publishes many great books. For many fields (e.g., ‘Health Econometrics Using

Stata,’ ‘Financial Econometrics Using Stata’) and specific statistical and econometric
problems (e.g., ‘Bayesian Analysis with Stata’) there are great books available. They not
only focus on the practical implementation but also cover the necessary theoretical
background.
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