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The landscape of statistical computing has undergone a radical transformation over the last several decades, 

evolving from mainframe-restricted environments to sophisticated, high-performance computing ecosystems. 

Central to this evolution is SAS (Statistical Analysis System), a suite that has remained the gold standard for 

industries ranging from pharmaceuticals to financial services. One of the most significant pedagogical contributions 

to this field is A Handbook of Statistical Analyses using SAS, particularly the third edition authored by Geoff Der

and Brian S. Everitt. This volume serves as more than just a software manual; it provides a rigorous framework for

applying complex mathematical models to real-world datasets using SAS 9.2. Understanding the nuances of this

handbook is essential for any data scientist or statistician looking to bridge the gap between theoretical probability

and actionable empirical results.

The Evolution of Statistical Computing: From Theory to SAS 9.2

Statistical analysis was once a laborious process involving manual calculations and rudimentary electronic aids. 

The advent of SAS provided a structured environment for handling large datasets and performing complex matrix 

inversions that underpin linear models. The third edition of the Handbook of Statistical Analyses using SAS was 

specifically updated to reflect the capabilities of SAS 9.2. This version of the software introduced enhanced

graphics, improved procedures for longitudinal data, and more robust optimization algorithms for non-linear

modeling.

The handbook emphasizes a practical approach, often highlighting that effective statistical analysis requires a 

balance of three distinct domains: domain expertise, mathematical theory, and software proficiency. By focusing on 

SAS 9.2, the authors ensure that users can leverage modern ODS (Output Delivery System) graphics to visualize

assumptions and results, which is a critical step in the iterative process of model validation.

Core Theoretical Frameworks in SAS

To utilize SAS effectively, one must understand the underlying statistical paradigms it supports. The handbook

categorizes these into several primary frameworks:

•  Frequentist Inference: Centered on p-values, confidence intervals, and hypothesis testing.

•  The General Linear Model (GLM): A unified framework for ANOVA and regression.

•  Generalized Linear Models (GZLM): Extending the GLM to non-normal error distributions and non-identity link 

functions.

•  Survival Analysis: Specialized methods for time-to-event data handling censoring.

In-Depth Analysis of Variance (ANOVA) and Linear Regression

At the heart of the handbook lies the treatment of Analysis of Variance (ANOVA) and Multiple Linear Regression

. These methodologies are the workhorses of statistical research. SAS provides several procedures for these tasks,

most notably PROC ANOVA, PROC GLM, and PROC REG.



The Mechanics of PROC GLM vs. PROC ANOVA

While both procedures are used for analyzing variance, they serve different technical purposes. PROC ANOVA is

optimized for balanced designs—situations where every cell in the experimental grid has an equal number of

observations. However, in real-world scenarios, data is often "unbalanced" due to missing values or observational

constraints. This is where PROC GLM (General Linear Models) becomes indispensable. It utilizes the principle of

least squares to handle unbalanced data, providing Type III Sums of Squares, which are essential for testing main

effects in the presence of interactions.

Mathematical Foundation of Linear Regression

Linear regression in SAS attempts to model the relationship between a dependent variable Y and one or more 

independent variables X. The mathematical model is expressed as:

Y = ;"���²�² •X • + ;"�%‚�"�²�ââà + ;"	•‚	’�²�µ

Where ;  represents the parameters to be estimated and ;Prepresents the error term. The handbook details how

PROC REG allows for diagnostic checking, including residual analysis and collinearity diagnostics (Variance

Inflation Factor). These diagnostics are vital; without them, a model might produce statistically significant results

that are biologically or economically nonsensical.

Generalized Linear Models and Longitudinal Data

Moving beyond the assumption of normality, the handbook delves into Generalized Linear Models (GLMs). Many

real-world datasets, such as count data or binary outcomes (Yes/No), do not follow a normal distribution. In these

cases, PROC GENMOD and PROC LOGISTIC are the tools of choice.

Link Functions and Distributions

In a GLM, the relationship between the mean of the response variable and the linear predictor is established via a 

link function. Common link functions include:

•  Logit Link: Used for binary outcomes (Logistic Regression).

•  Log Link: Often used for Poisson regression in count data.

•  Identity Link: Used for standard linear regression.

Longitudinal Data Analysis (PROC MIXED)

One of the more complex chapters in the handbook covers longitudinal data—where the same subjects are 

measured multiple times over a period. This creates a correlation structure within the data that violates the 

independence assumption of standard regression. The authors explain the use of PROC MIXED, which allows for 

the specification of Random Effects and Fixed Effects. This "Mixed Modeling" approach is superior for handling

missing data points in clinical trials and developmental studies.

Technical Comparison: SAS Procedures for Statistical Tasks

Choosing the right procedure is critical for accurate analysis. The following table summarizes the primary SAS

procedures discussed in the Der and Everitt handbook and their specific applications.



Statistical Task SAS Procedure Key Advantage Primary Data Type

Descriptive Statistics PROC MEANS / 
UNIVARIATE

Rapid data summarization 
and normality testing.

Continuous

Comparison of Means 
(Balanced)

PROC ANOVA Computationally efficient 
for experimental designs.

Categorical Predictors

Complex Linear Modeling PROC GLM Handles unbalanced data 
and covariates.

Mixed Predictors

Binary Classification PROC LOGISTIC Provides Odds Ratios and 
ROC curves.

Binary Response

Repeated Measures / 
Longitudinal

PROC MIXED / GLIMMIX Models covariance 
structures and random 
effects.

Dependent Observations

Survival Analysis PROC PHREG Implements Cox 
Proportional Hazards 
models.

Time-to-Event (Censored)

Dimension Reduction PROC PRINCOMP Identifies principal 
components to reduce 
noise.

Multivariate Continuous

Advanced Multivariate Techniques: PCA and Factor Analysis

As datasets grow in dimensionality, the need to reduce variables while retaining information becomes paramount. 

Principal Components Analysis (PCA)is a technique explored in the handbook to transform a set of correlated

variables into a smaller set of uncorrelated variables called principal components.

Using PROC PRINCOMP, a researcher can visualize the variance explained by each component through a Scree 

Plot. This is particularly useful in genetics or marketing research where hundreds of variables may be tracked for a 

single subject. The handbook guides the user through interpreting eigenvalues and loadings, ensuring that the

resulting components have a logical interpretation in the context of the study.

Survival Analysis: The Cox Proportional Hazards Model

In medical research, the primary interest is often not "if" an event occurs, but "when." Survival analysis handles 

data where the event (e.g., death, relapse, failure) may not have occurred for all subjects by the end of the study—

a phenomenon known as censoring.

The handbook emphasizes PROC LIFETEST for generating Kaplan-Meier survival curves and PROC PHREG for 

modeling the effects of covariates on the hazard rate. The Cox model is semi-parametric, meaning it does not 

require an assumption about the baseline hazard's functional form, making it exceptionally robust for clinical 

research. The Proportional Hazards Assumptionis a critical technical requirement here, and the handbook

provides methodologies for testing this assumption using Schoenfeld residuals.

Step-by-Step Practical Implementation: A SAS Workflow



Applying the theories from the Handbook of Statistical Analyses using SASrequires a disciplined workflow. A

typical analysis follows these sequential steps:

1.  Data Acquisition and Cleaning: Using the DATA step to import files and handle missing values (e.g., using IF-

THEN/ELSE logic or PROC MI for multiple imputation).

2.  Exploratory Data Analysis (EDA): Utilizing PROC SGPLOT for visual inspection and PROC CORR to identify 

multicollinearity.

3.  Model Specification: Selecting the appropriate PROC based on the scale of measurement and the research 

question.

4.  Assumption Validation: Checking for homoscedasticity, normality of residuals, and independence of errors.

5.  Parameter Interpretation: Extracting coefficient estimates, p-values, and confidence intervals from the ODS 

output.

6.  Reporting: Using PROC REPORT or ODS RTF/PDF to generate publication-quality tables.

Case Study: Modeling Patient Recovery Times

Consider a scenario where a pharmaceutical company is testing a new drug. The recovery time (in days) is

recorded for 200 patients across three different dosage levels. Some patients drop out of the study (censored data),

and patients are clustered within different hospitals (random effects).

Following the Der-Everitt methodology, the analyst would first use PROC MIXED to account for the "Hospital" 

effect. If the primary goal is the time-to-recovery, PROC PHREG would be employed. By including the dosage level 

as a covariate, the analyst can determine the Hazard Ratio. A ratio of 1.5 would indicate that patients on the new

drug are 50% more likely to recover at any given time point compared to the control group. The handbook provides

the specific SAS syntax to perform these complex nested analyses, ensuring that the variance components are

correctly partitioned.

Troubleshooting Common SAS Errors

Even with a handbook, practitioners often encounter technical hurdles. The authors highlight several common

pitfalls:

•  Convergence Failures: Often occurs in PROC LOGISTIC or PROC MIXED when the model is over-specified 

or the data is too sparse. Solution: Simplify the model or increase the maximum iterations using MAXITER=.

•  Variable Collinearity: High correlation between predictors leads to unstable estimates. Solution: Use VIF 

options in PROC REG to identify and remove redundant variables.

•  Missing Data Bias: Deleting cases with missing values can bias results. Solution: Utilize PROC MI and PROC 

MIANALYZE for multiple imputation as suggested in modern SAS practice.

Synthesizing Statistical Rigor and Software Capability

The enduring value of A Handbook of Statistical Analyses using SASlies in its ability to demystify complex

statistical procedures without oversimplifying the underlying mathematics. For the modern analyst, SAS 9.2

remains a powerful engine, but its utility is entirely dependent on the user’s ability to select the correct statistical

framework. Whether performing a simple t-test or a complex longitudinal mixed-model analysis, the principles of

clear hypothesis formulation, rigorous assumption testing, and transparent reporting remain paramount.

As we move into an era of "Big Data" and artificial intelligence, the structured approach provided by this handbook

offers a necessary foundation. It reminds us that behind every high-dimensional dataset lies a distribution, and

behind every automated procedure lies a mathematical model that must be understood to be trusted. By mastering



the procedures and philosophies outlined in this seminal text, researchers can ensure that their statistical analyses

are not just computationally correct, but scientifically sound and practically relevant. The integration of SAS

software with the analytical depth of the Der-Everitt framework continues to be a cornerstone of professional

statistical training worldwide.
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