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ABSTRACT  
 
Statisticians often need to review critical reports before study submissions. Many reports include outputs based on 
statistical testing or model-based analysis. To ensure the accuracy of these reports, most of the time the Statistician 
needs to writes independent code. In case of tight timelines, it may not be feasible and quality of review can be 
impacted.  
 
To address this we describe use of an application that can save time for the Statistician. This application was 
created using open-source software R and Shiny, providing an efficient, time saving solution for review of critical 
statistical outputs without the need for extensive code writing. The aim is to review results for t-tests, AN(C)OVA, 

their non-parametric alternatives and model-based analysis which are performed in SAS
®
. User has flexibility to 

provide input data in excel, csv or SAS format. User can select the statistical test (or specify the model) as per 
requirement and statistical outputs will be just a click away. This paper demonstrates the application with a variety of 
illustrations. 

INTRODUCTION 
 

The authors work with clients from clinical research and FMCG field as Statisticians. As a part of the role we have to 
deal with programmers routinely to do the desired work (i.e. Tables, Listings and Figures) required for various 
reports. Most of the time, as a Statistician we need to validate the results for modelling or statistical tests or cross 
check them by writing independent code to ensure accuracy of the results, prior to the submissions. The usual 
practice is to use SAS to validate the results, which is time consuming. This might not be feasible every time 
because of tight timelines.  

 

To handle this situation authors developed an application in R together with Shiny. This application focuses on 
various statistical tests like t-tests, AN(C)OVA, their non-parametric alternatives like Wilcoxon Signed Rank Test, 
Wilcoxon Rank Sum Test, Kruskal–Wallis Test etc. and model-based analysis like mixed effect model with and 
without covariates. These tests commonly used for efficacy and treatment comparison outputs i.e. checking for 
efficacy of individual treatment or comparing multiple treatments. 

 
The application is very interactive and flexible. It gives user the freedom to specify the statistical test or model of 
his/her choice (as per the specifications), set the desired significance level and specify the necessary parameters for 
selected test. This application accepts data in SAS, Excel and CSV format.  

 

This application helps Statisticians to review the results, without doing independent programming. This will save time 
and will help Statisticians efficiently review the outputs.  

 

In this paper we discuss use and features of this application with some illustrations. 

WHY RSHINY? 

R is an object-oriented programming language popular among Statisticians. While best known for graphs and 
visualization, it can admirably support performing various statistical analyses because of huge community support 
and early availability of new statistical techniques.  

Shiny is a framework for building interactive applications using the R language. It's an R library installed on your 
local machine for creating interactive apps. It can be used to build useful web applications with only a few lines of 
code without knowledge of java. These applications are automatically "live" in the same way that spreadsheets are 
live. Outputs change instantly as users modify inputs, without requiring a reload of the browser. 

In this paper, we demonstrate the power of R together with Shiny to create an application that helps Statisticians to 
review critical statistical outputs. The application helps statistician to get the results within a few minutes and cross-
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check the results in the report. This will help Statisticians perform their work efficiently and save time without 
compromising the quality.  

PROCESS FLOW FOR STATISTICAL REVIEW  

The general process flow for any report is represented in the below diagram- 

 

PROCESS FLOW FOR STATISTICAL REVIEW USING APPLICATION 

For the review step in the process discussed above, one can use this application instead of writing independent 
programming. This application is capable of performing a range of statistical tests; user can select the required ones 

  

 One Sample t-Test 

 Two Sample t-Test  

Statistician provides 
Mock table and code for 

Statistical Test 

Programmers understand the 
request and work on required 

dataset as well as table 

QC’er: Validates the dataset & 
table created by programmer 

Tables go into reports at 
the respective section 

Statistician reviews the report. Important 
stats results are reviewed by writing 

independent programs 

If the results are correct then it goes for 
submission otherwise Statistician ask for 

regeneration of respective results 
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 Paired t-Test 

 Wilcoxon Signed Rank Pratt-Lehman Test                           

 Wilcoxon Signed Rank Test  

 Mann-Whitney U test  

 Friedman test  

 PK Parameter Comparison 

 Dose Proportionality 

You have the flexibility to use SAS, Excel or csv dataset. Once dataset is finalized user can select the desired 
statistical test and provide the necessary information required to perform that test. Let’s look at the steps required to 
be followed for use of this application – 

 

 

 

 

 

Upload the dataset in 
SAS, Excel or CSV 

format 
 

Select the desired 
statistical test(s) to be 

performed 
 

Specify the key requirements: 
a. Response variable 

b. Class Variable 

c. By Variables 

d. Random variable (in case of model analysis) 

e. Significance level (alpha) 

f. Write the model (Independent 
variable/covariates/interaction effect) 

Submit the inputs 

Download results for 

documentation purpose 
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After following the above process the results get generated and displayed in the application. You can cross-check 
the results with those in the reports and complete the review process. 

Use of this application can improve the overall review process by reducing the time and efforts. In addition to this the 
review process gets strengthened by cross-checking the results using software (R) that is different from that used for 
production (which is SAS). For purpose of documentation related to review you can also download these results in 
the CSV format. We have deployed the use of this application for different statistical tests. Results corresponding to 
different tests have been discussed in further sections. 

ILLUSTRATION 1 

 
In this illustration, we are demonstrating comparison of two treatments A and B from a parallel arm design study. The 
endpoint of interest was Skin Appearance measured on continuous scale by a particular device. Here, as per the 
statistical analysis plan ‘Two Sample t-test for unpaired data’ was used. The hypothesis of interest was – Two 
treatments show different effects.   
 

And now let’s look at the results generated by programmers as below -  

 
 
 
As a reviewer author has generated the results using this RShiny application, refer to the screenshot below –  
 

 
 
Now we can clearly observe the mean difference, t statistic, p-value and 95% confidence interval matching in both 
these results. This shows that the results generated by programmers as well as by this application are the same, 
which indicates that the production results are correct.. 
Now, let’s look at the snapshot below:   
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This is a SAS output; observe that the p-value (0.0091) for testing equality of variances is significant. Hence, in this 
situation we need to consider the results of t-test from Satterthwaite method. Here, programmer should not consider 
the results from Pooled Method. One might say the p-values in both Pooled and Satterthwaite are approximately the 
same, but this might not be the case always. Especially, when p-value is near boundary line which is alpha (in this 
case 0.05). This concern is already addressed in RShiny application, which considers results from correct method.  

ILLUSTRATION 2 
 
Next illustration is for efficacy analysis of two treatments A and B from a parallel arm design study. The endpoint of 
interest was Skin Appearance Grade given by dermatologist on ordinal scale. Here, as per the statistical analysis 
plan ‘Wilcoxon Signed Rank Pratt-Lehmann Test’ was used. The hypothesis of interest was – Both the treatments 
are efficacious.   
 
Now let’s look at the results generated by programmers as below –  
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 As a reviewer author has generated the results using this RShiny application, refer to the screenshot below –  
 

 
Now we can clearly observe the z-statistic (efficacy_stat) and p-value (efficacy_pval) matching in both these results. 
This shows that the results generated by programmers as well as by the application are same, which indicates that 
the production results are correct.  The results generated by programmers also include N, Mean, and SE along with 
Z statistic and p-value. This table has a footnote mentioning that the results are based on Wilcoxon Pratt-Lehman 
test; not on mean and SE. However, our application is only providing Z statistic and p-value; which is of topmost 
importance.  

 

WHY WILCOXON PRATT-LEHMAN TEST? 

 
Wilcoxon Signed Rank Test excludes zeroes (if any) from test which results in decrease in effective sample size. To 
handle this situation the new version of this test has been proposed by Pratt-Lehmann. In this version there is a 
utility to adjust zeroes. And we were dealing with ordinal data in this case.  
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ILLUSTRATION 3 
 
Here, we demonstrate comparison of two treatments A and B from a parallel arm design study. The endpoint of 
interest was Skin Appearance Grade given by dermatologist on ordinal scale. Here, as per the statistical analysis 
plan ‘Mann-Whitney (Wilcoxon Rank Sum) Test’ was used. The hypothesis to be tested was – Two treatments show 
different effects. 
 
Below is the screenshot of output created as per the plan – 
 

 

As a reviewer author has generated the results using this RShiny application, refer to the screenshot below – 

 
What we observe here, is the output generated via RShiny application includes N, Mean, Sum of scores and Mean 
difference also. And values are matching in both the outputs. Statistics in the above screenshot i.e. n1, mean1, 
sum.rank.a1 refers to Treatment A; and n2, mean2, sum.rank.b1 refers to Treatment B whereas mean_diff refers to 
mean difference treatments A and B.  

This also tells that we can customize our outputs as per need in this application.  

ILLUSTRATION 4 

Let’s now move to the model-based analysis part. This application supports model-based analysis for some PK 
(pharmacokinetic) analysis like Summary and Comparison of PK parameters and Dose proportionality. 

In this example, as per statistical analysis plan, model was natural log transformed PK parameter values as 
response variable, treatment as fixed effect, baseline as co-variate and subject as random effect at confidence level 
of 90%.  

Reviewer needs to be very careful while cross-checking the results generated by the programmers in case of model-
based outputs. This is because the results generated via software need to be back transformed for creating the 
required table. Back-transformation is required to get the results on the original scale which helps to correctly 
interpret the results.  

This application takes care of this important aspect before displaying the results on the screen, hence it is very 
useful for the statisticians to diagnose if the mistake is due to back transformation.   
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Below is the screenshot of output created by programmers (Note: First footnote mentioning about the back 
transformation) -  

 

Here is the snapshot of output created by our application -  

 

We can observe that the highlighted results are matching in both the outputs.  

ILLUSTRATION 5 

The last illustration is about the Dose Proportionality assessment of the PK parameters. As per the statistical 
analysis plan Power Model was used to check for dose proportionality. The response variable was PK parameter 
results and independent variable was dose both on natural logarithmic scale.  

 

Results coming from application are -  

 

Here again we can observe the slope and CI are matching in both the snapshots. The results obtained are back 
transformed, as model uses log scale data.  
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CONCLUSION  
 
From all the illustrations discussed in the paper, we  that this application can be used to review outputs from basic 
statistical tests like t-test, Mann-Whitney test etc. to the complex model based analysis used in PK analysis. This 
simply saves a lot of time, effort and gives the output in a click. This can be used to catch potential programming 
errors that may occur. This will not only ensure if the results are correct but also strengthen the review process as 
totally different software is used for the application.  
 
Use of this application helps Statisticians to review the critical statistical outputs and save time, especially in the 
crunch timelines.  
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