IBM SPSS Statistics
and open source:

A powerful combination
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Why integrate SPSS Statistics and open source?

IBM SPSS Statistics is one of the world’s leading statistical
software solutions. It provides predictive models and
advanced analytics to help solve business and research
problems. For many businesses, research institutions

and statisticians, it is the de facto standard for statistical
analysis. Organizations use SPSS Statistics to:

- Understand data

- Analyze trends

- Forecast and plan

- Validate assumptions

« Drive accurate conclusions

SPSS Statistics has been continuously developed and tested
since 1968. Over that period, many forms of statistical
analysis have been embedded in the software. In addition,
the algorithms that execute the equations have been tested
by developers and users in academia, in laboratories and

In virtually every type of business. As a result, users can be
confident that the software has been thoroughly tested and
its results found to be reliable.

The SPSS Statistics environment makes it easier for you
to quickly access, manage and analyze datasets, including
survey data, corporate databases, data downloaded from

the web and much more. Advanced statistical procedures
and visualization can provide a robust, user friendly and
iIntegrated platform for understanding your data and solving
complex business and research problems.
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Executive summary

IBM SPSS Statistics can help you address all facets of the

analytical process, from data preparation and management
to analysis and reporting. It provides tailored functionality
and customizable interfaces for different skill levels and
functional responsibilities. It also enables users to create

Why integrate SPSS Statistics
and open source?

. . . 12«34
high-resolution graphs and presentation-ready reports to
easily communicate results.
For example, consider Robert, who is interested in analyzing
data on miles-per-gallon (mpg) for different types of cars. Integrating open source with
Figure 1 shows a segment of what the data looks like in the IBM SPSS Statistics
SPSS Statistics Data Editor.
*auto_stats.sav [DataSet5] - IBM SPSS Statistics Data Editor [o] @ | =)
File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help
ﬁ HS = w2 E, % - 1 LT RE % Extension bundles:
| | Visible: 13 of 13 Variables Using R or Python programs
| manufact | model | mpg | engine_size | horsepower | curb_weight | created by others
1 Acura Integra 28 18 140 2639 ﬂ
Acura TL 25 32 225 3517
Acura cL 26 32 225 3470
Acura RL 22 35 210 3 850
5| Audi Ad 27 18 150 299 |,
6 |Audi AB 22 238 200 3561
Audi A8 21 42 310 3.902 Writing your own R or
8 |pvw 323i 26 25 170 3179
9 [Bwmw 3281 24 238 193 3.197 PG PrOEETE
BMW 528i 25 23 193 3472 =
I ——— [H
Data Vew | VaratleView,
| hwsmmammemwmnmmmH HWWMDM | |I
Figure 1: SPSS Statistics Data Editor displays mpg information for Conclusion

different makes and models.
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For this analysis, Robert might first run the Descriptives The output (in this case, tabular output) is shown in the
procedure to get an idea of the distribution of the data SPSS Statistics Viewer (Figure 3).

for mpg. He does this from the Descriptives dialog box

(F|gU re 2) Fi= "Outputt [Document1] - IBM SPSS Statistics Viewer ===

File Edit View Data Transform |Insert Format Analyze DirectMarketing Graphs Utfilities Add-ons  Window Help

SHEAR IMNMe «~ AFELE 0O SRR

o i : - =
¥k Descriptives == :;’;];::t + Iii IEID %?ﬂ_éij !;E —~
B- [ Descriptives escriptives
Variable(s): @ é::LiL'tees N
& d-yearresale value [res.. & Fuel efficiency [mpa] | L Descrpme s | T Tr T T
{I Vehicle type [typel] m Fuel efficiency 154 15 45 2384 4.283
& Price in thousands [pric... Valid N (listwise) 154
& Engine size [engine_si... 4 S
@ Horsepower [norsepow... [IBM SPSS Statistics Processoris ready| | [Unicode:ON |
ﬁ Wheelbase [wheelbas]
§ E‘:;ﬂ;ﬂ';?m} Figure 3: Output of descriptives dialog in SPSS Statistics Viewer.
@& Curb weight [curb_weig...
Fuel capacity [fuel_ca . .

% pact fluel_c2pl R is an open source programming language and software

[F] Save standardized values as variables environment for statistical computing and graphics
Lok [ paste ) [ meset | (cancel [ Heip | (www.r-project.org). The R language has become very

popular with statisticians and data miners for developing
statistical software and is widely used for advanced data
analysis. R provides a wide variety of advanced statistical
and graphical techniques and is highly extensible. R is
available as Free Software under the terms of the Free
Software Foundation GNU General Public License. It runs on
Windows and MacOS, a wide variety of UNIX platforms and
similar systems (including FreeBSD and Linux). R can be
easily extended with packages.

Figure 2: Descriptives dialog box.
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http://www.r-project.org
http://www.gnu.org/
http://www.gnu.org/

On the other hand, Python is a general purpose and high
level programming language (https://www.python.org/).

You can use Python for developing desktop GUI applications,
websites and web applications. Also, Python, as a high

level programming language, allows you to focus on core
functionality of the application by taking care of common
programming tasks. The simple syntax rules of the
programming language further makes it easier for you to
keep the code base readable and application maintainable.

' N

Among the topics that open source (R and Python) users
commonly discuss are scalability, basic data and output
management issues such as connecting to databases,
Improving output quality and sharing algorithms with others
not familiar with programming. On the other hand, SPSS
Statistics users might want to use some of the R functions
that are not available within SPSS Statistics without having
to learn programming. After all, programming in open
source is not for everyone.

Therefore, integrating R or Python with SPSS Statistics
makes sense. The combined strength of both helps address
the needs of the two user groups. SPSS Statistics is a
convenient platform from which R or Python users can
handle large data sets and get high quality graphs and other
forms of output. Some of the other benefits are the ease of
use of SPSS Statistics and the ability to distribute integrated
R or Python packages to a wide range of users who are not
familiar with R or Python. This integration also provides
SPSS Statistics users with easy access to nearly 4,000 open
source statistical functions.
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https://www.python.org/

Integrating open source with IBM

SPSS Statistics

To use R or Python programming features with SPSS
Statistics, you need the SPSS Statistics-Integration Plug-
In for R and SPSS Statistics-Integration Plug-In for Python
respectively.

The plug-in for R is available at no charge and is installed by
default as part of SPSS Statistics-Essentials for R. This plug-
In i1s necessary if you want to use extensions written either
by you or by others. R communicates with SPSS Statistics by
means of APIs in the plug-in, and the integration requires
writing R wrapper code.

The SPSS Statistics-Integration Plug-in for R extends the
SPSS Statistics command syntax language with the full
capabilities of the R programming language. The plug-

In also provides access to an R integrated development
environment, which makes it easy for users to develop, test
and debug R programs for use with SPSS Statistics. It is
available for Windows, Linux, Mac OS and SPSS Statistics
Server. After installing the SPSS Statistics-Integration
Plug-In for R, you can choose to use R programs that have
already been written or you can write your own.

The SPSS Statistics-Integration Plug-In for Python
works similarly.
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-xtension bundles:
Ng R or

SPSS Statistics and R or Python integration enables you

to take advantage of the R or Python programs that others
have written and packaged as extension bundles. The pre-
coded algorithms obviate the need for intense R or Python
programming, especially if you are pressed for time or
expertise in R or Python programming is scarce. These R or
Python programs are deployed as extension bundles.

After an extension bundle is installed, its dialog box

Is accessible from the SPSS Statistics menus, and the
extension command can be run as if it were any built-in
command. The R or Python program functions as if it were a
native dialog box and a syntax command.

To understand an extension bundle better, consider again
the example where the user is analyzing data on mpg.
Suppose Robert is now interested in analyzing mpg as a
function of engine size, horsepower and curb weight of the
vehicle. However, he wants to go beyond standard linear
regression and do the analysis with quantile regression.

Quantile regression is provided as an extension bundle
In the integration plug-in for R, and Robert can use it to
understand the distribution of mpg as a function of the
predictors. For the more technically minded, quantile

Python programs created by others

regression estimates one or more conditional quantiles
(0 <=qg< 1) foralinear model. In contrast, ordinary
regression estimates only the conditional mean.

The Quantile Regression dialog box looks just like any native
SPSS Statistics dialog box (Figure 4).

Variables: Dependent:
[&Manufacturer[manufad] | @ |/'Fue| efficiency [mpal

&4 Model [model] Independent Variables:
f 4-year resale value [resa... , Engine size [engine_size]

;‘;gmd.et;pempﬂs ) i Horsepower [horsepower]
bt el i k2 /' Curb weight [curb_weight]

& Wheelbase [wheelbas]
& Width [width]
& Length [length]

f Fuel capacity [fuel_cap]

Categorical variables will be converted
automatically to factors.

List of Quantiles:
|05 25 5 75 95

Missing Values
@ Listwise deletion
© Fail

This dialog requires the
Integration Plug-In for R and the
R quantreg package.

Figure 4: Quantile Regression dialog box.
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= *Outputl [Documentl] - IBM SPSS Statistics Viewer =] =23

Fila Edit View Data Transform Inseit Format Analyze DirectMarketing Graphs Utilities Add-ons Window Hslp

SHeQ N0« ~ HEHLE 90 & |
€9 += Bk Chg

B {&] output . E -
EH-{E] Quantile Regression Quantile Regression
--[E] Title
~[g Notes Coefficients, quantile = 0.05
-+ Coefficients, quantile = 0.05 .
[ Coefficients, quantile = 0.25 coeflicients lower bd upper bd
@ Coefficients, quantile = 0.5 (Intercept) 28711 23.8492 40.000
@ Coeflicients, quantile = 0.75 engine_size 251 -4.302 -.891
[ Coefficients, quantile =0.95  |§ =p|| horsepower 023 006 .030
EEET‘T;E curh_weight -1.642 -4.379 -.089
{58 Notes re(farmula = mpg ~
= ! : engine_size+horsepower+curb_weight, tau = ¢(0.05,
~[j] Coeflicients by quantiles 0.25, 0.5, 0.75, 0.95), data = dta, na.action = na.exclude,
method = "br")
<]
T ———— N
IBM SPSS Statistics Processoris ready| | |Unicode:ON|H: 196, W: 337 pt.

Figure 5: A table of regression coefficients.

Robert can simply specify the dependent and independent
variables and the list of quantiles and then click OK to run
the analysis. SPSS Statistics calls R and does the analysis
using the R quantreg package, but Robert sees none of
that. The results of the analysis from R are then presented
as tabular and chart output in the SPSS Statistics Viewer.
As in any typical regression analysis, results include
tabular output of the regression coefficients. In this case, a
separate table of regression coefficients is created for each
specified quantile (Figure 5), where the table for the 0.05
quantile is displayed. The results shown in the table come
from running the analysis in R, retrieving the results from R
and displaying them in the SPSS Statistics Viewer.

#i5 *Outputl [Documentl] - IBM SPSS Statistics Viewer o & ==
File Edit View Data Transform Insert Format Analyze DirectMarketing Graphs  Utilities  Add-ons  Window  Help

SHER M e~ iELT Q@ &
€« += Bl TS5

2 {& output <]
B {E] Quantile Regression
D Title RGraph
Notes
L@ Coefficients, quantile = 0.05
------- @ Coefficients, quantile = 0.25 {Intercept) engine_size
------- L& Coefficients, quantile = 0.5
S (& Coefficients, quantile = 0.75 g / -
P [@ Coefficients, quantile =095 || | [~ --zsfoz=v"--- =
B+ {E] RGraph Ep— e I Sp—— . B
....... Title v // - — L\
------- Motes B | ———— N
-+ {1} Coefficients by quantiles Rl /
Bl =
g - -
T T T T T T T T
H 02 04 06 03 02 04 06 03
N
horsepower curb_weight
g 4 a
[=]
2] \\ N
2
. % 1
g | + 4
S I == ... |
3 @
E

0.2 0.4 0.6 0.8 0.2 0.4 [ K] 0.8

|IEIM SP3S Statistics Processoris ready| | |Unic0de:0N|

Figure 6: Chart coefficients for each of the predictors as a function
of the specified quantiles.

The quantile regression procedure also produces chart
output that shows the coefficients for each of the predictors
as a function of the specified quantiles (Figure 6). The chart
Is actually generated by R but is automatically rendered in
the SPSS Statistics Viewer. Again, all of that complexity is
hidden from Robert, who just sees the chart output.
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Where to find extension bundles

Extension bundles that implement a variety of R
or Python statistical algorithms are installed with
Essentials for R or Essentials for Python.

Many more extension bundles that implement R or
Python statistical algorithms are available from the

SPSS community on the IBM developerWorks® site at:

developer.ibm.com/predictiveanalytics/downloads/

You can also search for and download extension
bundles, hosted on the SPSS community, from
within SPSS Statistics. This feature is available from
Extensions > Extension Bundles. Already installed
bundles can be updated in the same way.
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Writing your own R or Python programs

Using extension bundles is just one way of using R or =

Python in SPSS Statistics. You can write your own R or F o

Python program and integrate it in SPSS Statistics at various i 1 o
levels by: ,

- Creating a custom dialog that generates the syntax for an R T d‘_,__,,/-’"’

or Python extension command or explicit R or Python code =
- Creating an extension command |

- Running R or Python code directly from within SPSS
Statistics

These functions enable you to:

- Read case data from the active dataset into R or Python
- Get information about data in the active dataset
« Get output results from syntax commands

- Write results (back to a new dataset, to pivot table
and to graphics) from R or Python to be displayed in
SPSS Statistics
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Creating a custom dialog that generates the syntax foran R
or Python extension command or explicit R or Python code
With the Custom Dialog Builder, you can create a user
Interface that generates command syntax for an extension
command implemented in R or Python. You can then view
the output (Figures 7-9) from running the dialog in the

SPSS Statistics Viewer. An R or Python program can also be
directly embedded in a custom dialog.
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Figure 7: List of available R extension commands in SPSS Statistics.
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Figure 8: Example of the layout of a custom dialog.
Syntax Template - u

context.

Enter your syntax template below. The syntax template is used to generate syntax for your
dialog. Enter replaceable values using the correspanding control identifier enclosed within
‘Ta%’ symbaols.

For example, one line of a syntax template may contain:
WARIABLES %% var_list%%

Tip: You can select from a list of all available control identifiers to insert by

N positioning the text caret where you would like to insert an identifier and then
pressing the =<CTRL==5PACEBAR= keys together. The list contains the control
identifiers followed by the elements of command syntax available for the current

b

oM B LD e —

I begin program r.

dta = spssdata. GetDataFromsSP335(%%variablestoplot¥ )
plotidta)
end program.
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Figure 9: A syntax template for explicit R code.

Conclusion




.||Ii

Creating an extension command

An extension command is a custom SPSS Statistics
command that is implemented in R, Python or Java. You
can integrate an R or Python program into SPSS Statistics
by creating an extension command that implements the R
or Python program (Figure 10). Integrating an R or Python
algorithm into SPSS Statistics is particularly useful when
a user needs an advanced statistical function but lacks
the expertise or time to create such a program. In such a
scenario, a methodology group, which creates R or Python
algorithms for much needed statistical functions, could
write the code and distribute it as an extension command.
The user can then use it just as if it were a built-in SPSS
Statistics command.

To create an extension command:

- Write the program as you would an R or Python function

- Define the SPSS Statistics syntax for the extension
command in an xml file that specifies the command name,
the subcommands and the keywords (Figure 11)

- Declare the syntax in an “R Run Function” or “Python Run
Function” and call the function (Figure 12)

The user input is automatically validated and mapped to
variables and passed to the implementing function.

Enter your syntax template below. The syntax template is used to generate syntax for your
dialog. Enter replaceable values using the corresponding control identifier enclosed within
‘T %" symbols.

For example, ane line of a syntax template may contain:
MWARIABLES %a%var_list%%

. Tip: You can select from a list of all available control identifiers to insert by
positioning the text caret where you would like to insert an identifier and then
pressing the =CTRL==SPACEBAR= keys together. The list contains the contral
identifiers followed by the elements of command syntax available for the current
context.

1 SPESINC QUANTREG DEFPENDENT=%%Dependent®%

2 EMTER=%%Independents %% %%taus%%

3 IOFTIONE %%optionsdialog%% % ¥%MissingValues%% %%execute %%
| ISAVE %%residualsdataset® ¥ %%coefdatas et % %% rile %%

Figure 10: A syntax template for an extension command.

The R or Python code calls APIs in the integration plug-

in for R or integration plug-in for Python respectively that
Interacts with SPSS Statistics. Text in the R or Python code
that is intended for output, such as pivot table labels and
error messages, can be enabled for translation.
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@ C:\CBS\CBS_LM.xml

<Command xmins:xsi="http:fienane w3 .org/2001MLSchema-instance”
xsi:noNamespaceSchemalocation="extension xsd" Name="CBS_LM" Language="R" Mode="Source">
<Subcommand Name="" IsArbitrary="F alse" Occurrence="Optional">
<Parameter Name="DEPENDENT" Parameter Type="VariableName"/>
<Parameter Name="ENTER" Parameter Type="VariableNarneList"/>
<{Subcommand=>

<Subcommand Name="0PTIONS">
<Parameter Name="MISSING" ParameterType="Keyword">
<EnumValue Name="LISTWISE"/>
<Enumvalug Name="FAIL">
<fParameter>|
<fSubcornrmand=

<Subcommand Name="HELP" Occurrence="Optional"f>
<fCommand=

Figure 11: Syntax for the extension command.

T Rure-functionjargs)y

03 args <- args[[Z]]

54 oobje-spsspkag Syntax(templ=list{

55 spsspkg. Template("DEPEMNDENT", subc=™", Kkyps="sastingvarlist”, var="y", islistk=FALSE}
il spssphg Template("EMTER", subc="", kdype="swxstingearlist”, var="«", ishs=TRUE).

57 spsspha. Template("MISSING" . subc="0PTIONS" kype="str", var="missing",

s vallist = list("listwize” “fail"}),

o9 )|

Gl if {("HELF" %Iin% attr{args. "names"))

G2 writeLines{helptext)

B3 else

G res <- spsspkg processcmd{oobj args "cbsim”]

Figure 12: Declaring the syntax and calling the function.

Running R or Python code directly from within

SPSS Statistics

If you are familiar with R, you can run your own R code in
SPSS Statistics. To run the R code, you enclose the code

in a BEGIN PROGRAM R — END PROGRAM block of SPSS
Statistics command syntax. Similarly, to run Python code,
you enclose the code in a BEGIN PROGRAM PYTHON - END
PROGRAM block of SPSS Statistics command syntax.

When the syntax is submitted, the code inside the block is
executed in R or Python respectively. The code is typically a
combination of ordinary R or Python code and calls to SPSS-
specific R functions (provided with the Integration Plug-in
for R) or Python functions (provided with the integration
plug-in for Python) respectively that enable R or Python to
iInteract with SPSS Statistics.

Interaction between R or Python and SPSS
Statistics enables your programmers to write
code unique to your organization and execute
[t with common SPSS command syntax.
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Figure 13 shows an example of an R program to run a All artifacts can be easily packaged to create an extension
regression. The functions that facilitate the process of using bundle for easy distribution and installation. The extension
R programming features with SPSS command syntax include:  bundle contains:

- spssdata.GetDataFromSPSS (Gets data from the active - A custom dialog package (.spd) file that specifies the
dataset) custom dialog box

- spssdictionary.GetDictionaryFromSPSS (Gets variable « An XML file that specifies the syntax of the
dictionary information from the active dataset) extension command

- spsspivottable.Display (Renders tabular output from R - The Implementation code file(s) written in R or Python

as a pivot table that can be displayed in the IBM SPSS
Statistics Viewer or can be written to an external file with
the SPSS Statistics Output Management System. Pivot
tables produced with this function are just like pivot tables
produced by native SPSS code)

Other users who have installed Essentials for R can simply
install the extension bundle from the SPSS Statistics menus.
They can then use the dialog and extension command

in the same manner as a native dialog or command. To
enable collaboration and knowledge sharing, contributed

R- or Python-based extensions can be hosted on the SPSS
Community website if appropriate.

23 | wx ane dependen] aed
indgpansiant varabiag
BrOQram ¢ cofmbaia fild ohe Il and get
by Ry data, senverling calegorical
= “Habepn KLl poesag” warabies b ks _ _ . _
T ——— Fuamn raeds ook e Extension bundles make it easy to distribute
e i el | R or Python programs to users who don’t
A g e have open source skills.
= s formualoan), detecta, ra.actonenaomt) | | e SIS et
prini(res) =adenaly 0358 SOUTE
il s ~Gmil] SRng vl
-create resull chisc] “res”
sfadlien tha Taelor

Figure 13: An R program for running a regression.




Conclusion

Both SPSS Statistics and open source (R or Python) can
independently boast strengths that have been tested over
time and are strongly accepted in the statistical community.
Moreover, these strengths complement each other to create
an even more powerful set of statistical functions and
features that benefit the statistical community as a whole.

R or Python users can access superior data management
capabilities, which enables them to handle much larger
data sets. Also, the Output Management System from SPSS
Statistics provides R users with a richer set of graphical
and pivot table output options, which can lead to a better
user experience. Finally, SPSS Statistics acts as an ideal
deployment vehicle to distribute R or Python packages to a
wide range of users.

SPSS Statistics users gain access to many more
statistical functions, which enables them to carry out
complicated analysis without the hassles of learning a
complex programming language such as R or Python. The
advantages of using open source (R or Python) and SPSS
Statistics together are many and worth considering.

Try SPSS Statistics now
To start your 14-day free trial of SPSS Statistics, visit:
Ibm.com/spssstatistics/free

For more information

To learn more about using SPSS Statistics with open source
(R or Python) programming languages and to access a rich
set of resources, visit the following websites:

https://developer.ibm.com/predictiveanalytics/

http://ibmpredictiveanalytics.github.io/
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https://developer.ibm.com/predictiveanalytics/
http://ibmpredictiveanalytics.github.io/
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