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The PROC REG procedure is the cornerstone command within the SAS System for fitting and

rigorously analyzing linear regression models. This robust statistical tool is indispensable for data
analysts and statisticians seeking to quantify and explore relationships between continuous
variables, test intricate hypotheses about model parameters, and generate comprehensive
diagnostic plots crucial for assessing model assumptions and validity. Developing mastery over
PROC REG is a prerequisite for executing high-quality statistical analysis in the SAS computing
environment.

Beyond simple parameter estimation, this procedure provides extensive flexibility, supporting
advanced features such as step-wise model selection, complex hypothesis testing using custom
contrast statements, and meticulous control over the output generated. Despite its power, the
fundamental syntax required for implementing a core linear model in SAS remains remarkably
intuitive, demanding only the clear definition of the input dataset and the specification of the
relationship between the dependent and independent variables.

Introduction to PROC REG and Linear Modeling in SAS

The primary conceptual goal of utilizing PROC REG is to precisely determine the optimal line (or
hyperplane, in higher dimensions) that best describes the statistical relationship between a
designated response variable (Y) and one or more predictor variables (X). This determination is
achieved by employing the venerable method of least squares, a technique designed to estimate
model parameters such that the sum of the squared vertical distances between the actual
observed data points and the values predicted by the model is minimized. Grasping this underlying
principle and the corresponding core syntax is the essential first step toward executing any
effective regression analysis in SAS, irrespective of the eventual model complexity.

To initiate a simple linear regression model--which involves one response variable and a single
predictor variable--the structure shown below is utilized. This simple, yet powerful, structure

requires two mandatory components: the specification of the input data source via the DATA=
option, and the formal definition of the relationship through the mandatory MODEL statement, where
the response variable (y) is explicitly regressed upon the predictor variable (x).

proc reg data = my_data;
model y = x;
run;

Execution of this foundational code block prompts SAS to compute the necessary regression
parameters corresponding to the algebraic representation of the straight line relationship, defined
mathematically as:
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y = b0 + blx

In this equation, b0 represents the estimated intercept (the predicted value of Y when X is zero),
and bl represents the estimated slope coefficient. The slope quantifies the expected change in Y
associated with every single one-unit increase in X. This elementary framework serves as the
scalable foundation upon which all more complex regression modeling techniques in SAS are built.

Extending the Syntax to Multiple Linear Regression

When the analytical objective requires accounting for the influence of several factors
simultaneously, the methodology naturally progresses from simple to multiple linear regression.

Multiple regression is a critical technique for achieving statistical control over potential confounding
factors and precisely isolating the unique, independent contribution of each variable to the overall
variance observed in the response variable. Fortunately, the syntax within PROC REG maintains
its elegant simplicity; the user merely lists all desired independent variables on the right-hand side
of the equation within the MODEL statement.

Consider a scenario where we aim to predict the response variable y using three distinct
explanatory variables: x1, x2, and x3. The syntax is adjusted minimally, as demonstrated below.
Analysts must, however, diligently verify that all these variables are correctly defined and
accessible within the specified dataset prior to execution. This inherent flexibility makes PROC
REG highly adaptable, supporting the resolution of highly diverse and complex research
hypotheses involving multiple variables.

proc reg data = my_data;
model y = x1 x2 x3;
run;

This succinct code executes a multiple linear regression model, which is mathematically
represented by the expanded equation below. Crucially, each predictor variable (xi) is associated
with its own unique estimated slope coefficient (bi). This coefficient is interpreted as the expected
change in the response variable y resulting from a one-unit increase in that specific predictor,
provided that all other predictor variables in the model are held constant (ceteris paribus).

y = b0 + blx1l + b2x2 + b3x3

The capacity to simultaneously manage and estimate the effects of humerous predictors is a
fundamental strength of PROC REG, empowering statisticians to build sophisticated models and
conduct comparative assessments of variable importance within a unified statistical framework.
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Practical Application: Setting Up the Sample Data

To firmly anchor our theoretical discussion in a concrete example, we will now walk through the
process of applying PROC REG to analyze student performance data. Our hypothetical dataset
includes observations from 15 students, specifically tracking the total number of hours they
dedicated to studying for a final exam and the corresponding score they achieved. This classic
scenario is perfectly suited for a simple linear regression analysis, where the primary aim is to
empirically determine if the variable of study hours is a statistically significant predictor of the final
exam score.

The crucial first step is defining and populating the SAS dataset, which we name exam dat a. We
accomplish this using the standard SAS Data Step syntax, leveraging the | NPUT statement to
formally define our variables (hours and scor e) and utilizing the DATALI NES statement to embed
the 15 raw data observations directly into the program file. This streamlined approach is
conventional practice when generating small, self-contained datasets for analytical demonstrations
or pedagogical purposes.

[*create dataset*/
data exam_data,;
input hours score;
datalines;

164

2 66

476

573

574

6 81

6 83

7 82

8 80

10 88

11 84

1182

1291

12 93

14 89

run;

/*view dataset*/
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proc print data=exam_data;

Following the creation of the dataset, the PROC PRI NT step serves as an essential quality control
measure. It generates an output table confirming that the raw data observations have been
correctly loaded and structured into the SAS environment under the defined variables hour s and
scor e. This visual verification of the data structure is paramount for preventing errors that might
arise from misdefined variables or inaccurate data entry before initiating the more computationally
intensive statistical modeling.

Obs | hours | score
64
66
76
73
74
81
83
82
80
88
84
82
91
93
89

—_

© 00 N o g AR WON =
V(N O || BN

a1 e B s A B SRS
g AW N = O
e e e T W B N
2NN~ = O

Executing the Simple Linear Regression Model

With the exam dat a dataset now confirmed and prepared, we are ready to execute the simple
linear regression model using PROC REG. The core objective is to quantify the precise linear
relationship between our independent variable, hours (the predictor variable), and the key

dependent variable, scor e (the response variable). Successful completion of this analysis will yield
the necessary quantitative parameters required to construct a reliable predictive equation linking
study effort and academic outcome.

The implementation is streamlined: we specify the DATA= option as exam dat a and articulate the
model relationship using the MODEL statement, setting scor e as the outcome variable predicted by
hours. This fundamental command initiates the entire regression process, automatically
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generating a full suite of standard statistical output, including ANOVA summaries, model fit
statistics, parameter estimates, and detailed diagnostic graphs, thereby offering a holistic
assessment of the model's performance characteristics.

[*fit simple linear regression model*/
proc reg data = exam_data;

model score = hours;

run;

Upon successful execution of the procedure, SAS produces several output tables sequentially. The
first critical table provides an overall summary of the model's quality of fit, highlighting essential
metrics such as the R-squared value. This statistic is critical as it numerically quantifies the
proportion of the total variance observed in the response variable that is successfully accounted for
or predicted by the specified independent variable(s). Analysts invariably examine this summary
table first to establish the baseline predictive power and overall relevance of the constructed linear
model.

Interpreting the Key Regression Output Tables

The initial tables generated by PROC REG provide crucial diagnostic information concerning the
model's overall quality and goodness-of-fit. As previously noted, metrics such as the R-squared
value are paramount, serving as an immediate indicator of how effectively the fitted model explains
the observed variability within the sample data. In our example, a high R-squared value would
strongly suggest that a substantial proportion of the variation in student exam scores is directly
attributable to, and linearly predictable by, the hours studied. This summary overview is the
foundation for assessing the practical relevance and statistical performance of the fitted linear
regression.
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The REG Procedure
Model: MODELA1
Dependent Variable: score

Number of Observations Read @ 15

Number of Observations Used | 15

Analysis of Variance

Sum of Mean
Source DF Squares Square | FValue | Pr>F
Model 1 847.26698 | 847.26698 63.91  <.0001
Error 13 | 172.33302 | 13.25639

Corrected Total | 14 1019.60000

Root MSE 3.64093 R-Square | 0.8310
Dependent Mean | 80.40000 AdjR-Sq | 0.8180
Coeff Var 4.52852

Parameter Estimates

Parameter | Standard

Variable @ DF Estimate Error | tValue | Pr> |t
Intercept 1 65.33395 2.10599 31.02 | <.0001
hours 1 1.98237 0.24796 7.99 | <.0001

Immediately following the fit statistics, the Parameter Estimates table represents the most

analytically intensive component of the output. This table delivers the quantitative core of the
analysis, providing the actual estimates for the regression coefficient estimates (b0 for the

intercept and b1 for the slope), alongside critical inferential statistics such as their standard errors,
calculated t-values, and associated p-values. Scrutinizing the p-values in this table is mandatory
for determining the statistical significance of each independent variable, confirming whether its
relationship with the response variable is non-random.

By extracting the specific numerical values displayed in the Parameter Estimates table, we can
formally construct the final, statistically derived regression equation tailored for predicting the exam
score based on a given number of study hours. The intercept estimate (b0) and the slope
coefficient estimate for hours (b1) provide the two essential numerical constants required for this
calculation.

Based on the provided output from our practical example, the resulting fitted regression equation
is:
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Score = 65.33 + 1.98*(hours)

The practical interpretation of this equation is highly informative: the intercept of 65.33 suggests
the predicted baseline score for a student who engages in zero hours of study. Furthermore, the
slope coefficient of 1.98 indicates that, on average, every additional hour devoted to studying is
associated with a predicted increase of 1.98 points in the student's final exam score. This clear
interpretation allows analysts to transform abstract statistical findings into meaningful conclusions
regarding academic behavior and performance.

Visualizing Model Performance: Residuals and Scatterplots

A fundamental requirement for validating any linear regression model is the rigorous evaluation of
its underlying statistical assumptions. PROC REG facilitates this by automatically generating a
suite of crucial diagnostic plots, chief among them the residual plots. These graphical tools are

indispensable for detecting systemic issues such as non-linearity in the relationship, non-constant
variance (a condition known as heteroscedasticity), or the presence of highly influential outliers that
distort the parameter estimates. A correctly specified and well-fitting model will ideally show
residuals scattered randomly and symmetrically around the zero line, confirming that the
assumptions of homoscedasticity and linearity have been reasonably satisfied.
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Fit Diagnostics for score
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For example, when examining the plot of residuals versus predicted values, the analyst should look
for a lack of structure or pattern. The absence of a discernible pattern suggests that the model
effectively captures the mean relationship across the entire range of predicted scores. Conversely,
the appearance of distinct shapes, such as a fanning-out pattern (funnel shape) or a clear curve,
signals a severe violation of the model assumptions. Such violations necessitate remedial actions,
which might include transforming one or more variables or exploring entirely alternative non-linear
regression methodologies.

In addition to the diagnostic graphs, PROC REG provides a direct visual assessment through a
scatterplot of the raw data points, crucially overlaid with the calculated fitted regression line. This
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visualization is profoundly helpful for rapidly evaluating the model's goodness of fit in a non-
guantitative manner. It allows the analyst to visually confirm whether the estimated line truly
represents the central tendency of the data cloud and whether the linear assumption aligns
plausibly with the observed data distribution.

Fit Plot for score
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When the data points cluster tightly around the displayed regression line, it provides strong visual
reinforcement for the quantitative statistical results, affirming that the model offers a robust and
accurate fit to the data. This combined quantitative and visual approach ensures a comprehensive
understanding of the model's performance.

Note: Users seeking exhaustive details on all available statements, options, and advanced
customization features should consult the complete and technical documentation for PROC REG,
which is readily available on the official SAS support website.

Additional Resources for SAS Users

For statistical programmers in SAS who wish to broaden their analytical toolkit beyond linear
modeling, the following resources cover common statistical and data management tasks essential
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for advanced analysis:

A detailed guide on utilizing PROC GLM for conducting Analysis of Variance (ANOVA) and related
generalized linear models.

A comprehensive tutorial focused on complex data transformation and manipulation techniques
using the fundamental SAS Data Step.

An explanation of how to generate and interpret correlation and covariance matrices efficiently
using PROC CORR.
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