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Abstract

	This SESUG paper demonstrates how a SAS® macro can be used to programmatically select the suitable statistical test for a given scenario.  Gitanjali, Manikandan, and Raveendran (2014) have presented in their book written for post graduates to help with research methodology in a medical setup to help choosing the apt statistical test for their research (pg. 90-91).  While not all statistical tests are included to make it comprehensive, the book contains required information on most of the commonly used statistical tests and the criteria used in selecting those as appropriate.  The book by Gitanjali, Manikandan, and Raveendran (2014) is the seed to this technical SAS paper that is anticipated to come-in as an easy and quick reference macro mostly by budding researchers, students and others involved in statistical testing using research data via SAS.  As SAS is a commonly used statistical software, it made more sense to the author to develop a macro to accept different parameters required in deciding the appropriate research for a specific design and setup.   
The SAS macro, as it is designed to be used as a Statistical-Test-Selector, will hence-forth be referenced by the acronym STS.  As one can imagine, this macro can be used as part of general-purpose non-domain specific research. The process could be utilized in the beginning of most research studies where a statistical test selection needs to be made.  This decision is suggested by this simple SAS Macro call.  This would enable SAS statisticians proceed forward without re-inventing the wheel for the commonly used statistical tests to be able to select one from the many available.  As this macro is not exhaustive, there may be some situations where other criteria need to be used that are not listed here resulting in statistical tests that are not accounted for in this macro. Some uncommon or infrequent techniques including but not limited to Survival analysis, Monte-Carlo and others are not in the scope of this tool in its current version. 
INTRODUCTION

	Statistics while interesting, could be daunting sometimes given its complexity especially if one is a beginner or a student or a budding statistician or even an experienced one if one has to go through the refined combing to identify the appropriate test for the current study.  If one is interested in saving time by running a quick one-line macro this tool may come in handy.  If that first step can be done by a simple one-line call to a macro with a handful of parameters, statisticians and SAS statistical programmers would find the easy and time savings from this macro.  That is exactly the intention of this attempt in devising this macro.  
Shields and Twycross (2021) have detailed several tests and their application of when they are used which they have cited from the work by Hicks (1996), Polgar, and Thomas (2000). There are several criteria that can drive the type of test chosen in a specific instance.  Gibson (2014) stated that selecting the right statistical method in a research study is necessarily a part of the planning process in the research. 
STATISTICAL TESTS

	Flores-Ruiz, Miranda-Novales, and Villasís-Keever (2017) have stated that research design, number of measurements, and the scale of measurement of the variables determine the type of statistical test a research will require.  Murray and Knowles (2014) presented a variation of the statistical test selection process using 4 aspects stated below. They further built a visual decision tree based on the possible deviations based on the above 4 aspects of the research conducted.
(i) Number of variables measured
(ii) The scale of measurement
(iii) Difference or relationship and
(iv) Independent or paired.
The task of selecting the right statistical test can be a daunting experience for a novice researcher and this SAS macro is expected to eliminate the guess work of the researcher for the most part. The macro list is not exhaustive but includes most of the commonly used statistical tests into consideration that are both Parametric and non-Parametric.  The decision tree currently identifies t-test, z-test, paired t-test, unpaired t-test, One-way ANOVA, repeated measures ANOVA, Pearson’s correlation, Spearman’s Correlation, Linear Regression, Non-parametric Regression, Wilcoxon signed rank, Mann-Whitney test, Friedman test, Kruskal-Wallis test, Contingency coefficients, Logistic regression, McNemar’s test, Fisher’s test, CochraneQ test, and Chi Squared test.  While there are many other tests that are less common and less frequently used, it might be a better enhancement for the future and are not within the current scope of this paper.  Addition of more statistical tests to STS might also increase the number of input parameters required to make the decision tree work in order to account for the additional statistical tests.  In order to help a reader, grasp the hierarchical decision tree structure easily, a pictorial representation of the various statistical tests and the criteria that lead to those is shown in the figure below.  Suner and Dycle (2014) stated the issues due to lack of a clear method to choose the statistical tests and its impact.  They went ahead portraying a visual flowchart limiting to Anova and Friedman’s test as common ones to their domain of interest (biological and medical studies).
	“Lack of an algorithm presenting the most common statistical tests used in biomedical research in a single flowchart causes several problems such as shifting users among the algorithms, poor decision support in test selection and lack of satisfaction of potential users “(Suner and Dycle, 2014)

A PICTORIAL REPRESENTATION OF THE PROCESS
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MACRO OPERATION

STA has been designed to be called with a simple invocation of a one-line macro call within a SAS program and then would consider the values provided by the user to arrive at the decision that would be printed in the output log.  There is a series of branching logic that the execution flows through and depending on the values and decision tree, the waterfall methodology moves along the hierarchical structure till it gets to the final test.  The different macro variables expect values that are mostly “Y” or “N” except for the last 2 macro inputs parameters that expect numerical values. Such as 2 or 3 or other whole number values.   Such a call will be easy for the user to provide and makes the STS macro easy to use.  

A typical call would look like the following:
  Options mlogic mprint symbolgen errors=1 obs=max;

 %sts(normal=Y,
           non_normal=Y,
           dichotomous=Y,
           Comparison=Y, 
           association_of_2vars=Y, 
           regression_of_2vars=Y,           
           paired=Y,
           number_of_datasets=2,
 number_of_variables=2);


As a typical SAS programmer would have realized that the macro uses non-positional parameters and therefore also serves increasing clarity.  The related options above the invocation of the macro aids in viewing the logic of the macro and with error identification information that would become part of the SAS log upon execution. 




SOURCE CODE
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The raw source code shown above can be placed within a SAS program as part of in-line code or even be included in an auto-call library in one’s organizational setting in which case, all users can call the macro with just one-line call without having to have a copy of the macro source code as part of their SAS program.  It is up to the users’ personal preference and also a preference to rename if required.
Whether the STS macro code is in-line or within an auto-call library as part of the SAS environment, the actual invocation is just one line and the execution of the call will produce an output SAS Log with the selected statistical test name written as part of the message within the log as shown below.


PRACTICAL APPLICATION (Log)

The macro expects different parameters as inputs
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LIMITATION

The macro, in its current design accepts various input parameters that are essential in determining the statistical test that would be appropriate based on various factors in the design.  However, the macro does not currently perform the right test and provide the critical values or inferences as outcome of the statistical procedure that can be readily used by the Statistician or the data scientist to translate it into the form of a business decision or operational action item.  The other possible enhancement that could be helpful to others is if the list is made close to be exhaustive to include other statistical tests along with their decision trees incorporated into STS. 

CONCLUSION

The macro can be further enhanced for performing the limitation described above.  The next progressive step for the development of this macro would be to enable implementation of the right test automatically that can be readily used by the data scientist.  This can save time and help a quick turn-around of data analysis impacting a business in a timely fashion.
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MLOGIC(STS): Beginning execution.
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SYMBOLGEN: Macro variable NORMAL resolves to ¥
MLOGIC(STS): $IF condition &normal=Y is TRUE
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£4 The SAS System

MLOGIC(STS): $IF condition &comparison=Y is TRUE
MLOGIC(STS): S$IF condition number_of datasets=2 is FALSE

SYMBOLGEN: Macro variable PATRED resolves to ¥
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MLOGIC(STS): Ending execution.
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