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Understanding and Calculating Confidence Intervals Using SAS

In the rigorous world of inferential statistics, the primary objective is often to generalize findings

from a limited sample to the larger population from which it was drawn. Since sample statistics are
inherently prone to variability and rarely mirror the true population parameter exactly, we must

guantify this uncertainty. This is precisely the function of confidence intervals (Cls). A confidence

interval is a critical statistical measure that furnishes a plausible range of values for an unknown
population parameter, coupled with a specified level of assurance--the confidence level--that this
range encompasses the true parameter value.

Mastering the calculation and correct interpretation of confidence intervals is foundational for any
professional engaging in robust statistical inference. Cls empower researchers and data analysts
to move beyond simple point estimates, providing a comprehensive assessment of the precision
and reliability of their findings. This detailed guide is engineered to walk you through the precise
methodology for calculating various essential types of confidence intervals using SAS, the widely
respected and powerful statistical software suite favored across numerous industries for complex
data analysis.

Essential Confidence Intervals Covered in SAS

This tutorial provides practical, step-by-step demonstrations for computing two of the most
frequently required confidence intervals. We will utilize real-world examples and precise SAS code
implementations to ensure clarity and immediate applicability.

Confidence Interval for a Single Population Mean: This method estimates the range of plausible
values for the true average of a characteristic within a single, defined population.

Confidence Interval for a Difference in Population Means: This crucial interval estimates the
range for the true difference between the averages of two separate, distinct populations, facilitating
comparative analysis.

Let us now transition into the hands-on practice, detailing the necessary data preparation and code
execution within the SAS environment.

Example 1: Determining a Confidence Interval for a Population Mean

To demonstrate the calculation of a confidence interval for a single population mean, consider an

ecological study scenario. We have meticulously collected height data (in inches) from a random
sample consisting of 12 plants, all belonging to the same species. Our primary objective is to
accurately estimate the true average height of this entire plant species based solely on the
measurements obtained from our limited sample.

The initial step involves structuring and populating a dataset within SAS. The following code
snippet defines the dataset named ny_data and inputs the 12 observed plant height
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measurements. After the data entry block (dat al i nes), a proc print statement is immediately
executed. This is a standard best practice that verifies the data integrity and ensures all sample
observations have been loaded correctly into the SAS environment before proceeding with
statistical calculations.

[*create dataset*/
data my_data,;
input Height;
datalines;
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run;

[*view dataset*/
proc print data=my_data;
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Our specific aim is to calculate a 95% confidence interval, which means establishing a precise
range within which we can be 95% certain the true population mean height resides. For computing
confidence intervals associated with means, SAS provides the specialized PROC TTEST procedure.
This procedure is robust and handles the necessary t-distribution calculations required for small
sample sizes or when the population standard deviation is unknown.

The following SAS code executes the necessary statistical test. Note the use of the al pha=0. 05
option; this setting dictates the significance level. A significance level of 0.05 corresponds directly
to a 95% confidence level (calculated as 1 - alpha, or 1 - 0.05 = 0.95). The var Hei ght statement
explicitly designates 'Height' as the quantitative variable for which the statistical measures,
including the confidence interval, must be calculated.

/*generate 95% confidence interval for population mean*/
proc ttest data=my_data alpha=0.05;

var Height;

run;
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The TTEST Procedure

Variable: Height

N Mean Std Dev @ Std Err | Minimum @ Maximum
12 | 14.3333 1.3707 0.3957 12.0000 17.0000

Mean 95% CL Mean Std Dev | 95% CL Std Dev
14.3333 | 13.4624 @ 15.2042 1.3707 @ 0.9710 | 2.3273

DF | tValue | Pr> |t
1 36.22  <.0001

After successful execution, SAS presents a comprehensive output table. The value listed under
Mean is the sample mean, which represents the calculated average height of the 12 plants

observed in our sample. Crucially, the section labeled 95% CL Mean (Confidence Limits for the
Mean) furnishes the lower and upper bounds of the 95% confidence interval for the true population
mean. Interpreting these results, we conclude that the 95% confidence interval for the mean height

of this plant species is . This is a powerful statement: we are 95% confident that the genuine
average height for all plants of this species falls precisely within this calculated range.

Example 2: Confidence Interval for the Difference Between Two Population
Means

Comparative analysis is a common requirement in research, where the focus shifts to assessing
differences between two distinct populations. In this example, we aim to calculate a confidence
interval specifically quantifying the difference in population mean height between two separate

groups of plants: Species A and Species B. We have collected independent random samples of

heights for both species.

Data preparation for comparative analysis requires a different structure. The following code creates
a new dataset named ny_dat a2. This dataset includes two variables: the categorical grouping
variable 'Species' (A or B) and the continuous variable 'Height'. This format is mandatory for
performing group comparisons in SAS. As before, a proc pri nt statement is used immediately
after data entry to confirm that all 20 observations (10 for Species A and 10 for Species B) have
been loaded correctly.

[*create dataset*/
data my_data2;
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input Species $ Height;
datalines;
Al4
Al4
A 16
A 13
A 1l2
A l7
A 15
Al4
A 15
A 13
B 15
B 14
B 19
B 19
B 17
B 18
B 20
B 19
B 17
B 15

run;

[*view dataset*/
proc print data=my_data2;
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Obs | Species @ Height

1A 14
2 A 14
3 A 16
4 | A 13
S| A 12
6| A 17
7A 15
8 A 14
9 A 15
10 | A 13
11| B 15
12 | B 14
13 | B 19
14 | B 19
15 | B 17
16 | B 18
17 | B 20
18 | B 19
19 | B 17
20 | B 15

Before executing the comparative test, it is highly recommended to sort the dataset by the
grouping variable. Although PROC TTEST can often handle unsorted data, using PROC SORT
ensures that the subsequent calculations proceed smoothly and that the comparison groups are
correctly identified. Following the sort, we again employ the PROC TTEST procedure. For comparing
two means, the crucial addition is the cl ass Speci es statement, which informs SAS to treat
'Species' as the grouping factor. The var Hei ght statement specifies the measurement variable,
and al pha=0. 05 maintains our 95% confidence level requirement.

/*sort data by Species to ensure confidence interval is calculated correctly*/
proc sort data=my_data2;

by Species;

run;

/*generate 95% confidence interval for difference in population means*/
proc ttest data=my_data2 alpha=0.05;
class Species;
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var Height;
run;

The TTEST Procedure

Variable: Height
Species | Method N Mean | Std Dev | Std Err | Minimum | Maximum
A 10 | 14.3000 1.4944 | 0.4726 12.0000 17.0000
B 10 | 17.3000 | 2.0575 | 0.6506 14.0000 20.0000
Diff (1-2) | Pooled -3.0000 1.7981 | 0.8042
Diff (1-2) = Satterthwaite -3.0000 0.8042
Species | Method Mean 95% CL Mean Std Dev | 95% CL Std Dev
A 14.3000 | 13.2309 & 15.3691 1.4944  1.0279 27283
B 17.3000 = 15.8281 | 18.7719 20575 14152 | 3.7562
Diff (1-2) | Pooled -3.0000 & -4.6895 | -1.3105 1.7981 @ 1.3587 | 2.6591

Diff (1-2) A Satterthwaite | -3.0000  -4.7011 | -1.2989

Method Variances DF | tValue | Pr> |t
Pooled Equal 18 -3.73 | 0.0015
Satterthwaite | Unequal 16.429 -3.73 | 0.0017

Equality of Variances
Method Num DF | DenDF | FValue | Pr>F
Folded F 9 9 1.90 | 0.3547

When interpreting the output from a two-sample t-test, the initial focus must be on the Equality of
Variances test, typically presented via Levene's or the Folded F test. This critical step determines
whether the standard deviations (and thus the variances) of the two populations are statistically
equivalent. We analyze the p-value provided in the "Equality of Variances" table. If this p-value is
greater than the significance level (0.05), we retain the null hypothesis, concluding that the
variances are approximately equal.

In the provided output, assuming the p-value associated with the variance test is not less than
0.05, we proceed under the assumption of equal variances between Species A and Species B.
Consequently, we must utilize the results from the Pooled row in the output table to obtain the
correct 95% confidence interval for the mean difference. Had the variances been unequal (p-value
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< 0.05), we would instead rely on the "Satterthwaite" or "Welch" row, which uses an adjusted
degrees of freedom calculation.

Reviewing the "Pooled" row, the 95% confidence interval for the difference in population means
(Species A minus Species B) is calculated as . The negative bounds signify that, on average, the

mean height of Species A is lower than that of Species B. Furthermore, because this interval does

not include zero, we can confidently conclude that the observed difference is statistically significant
at the 95% confidence level. Specifically, we estimate that plants of Species B are taller than
Species A by an amount ranging from 1.1305 inches to 4.6895 inches.

Further Resources and Advanced Exploration in SAS

This tutorial has successfully laid the groundwork for calculating confidence intervals in SAS for
both single-sample and two-sample mean comparisons. These methods are critical tools for
guantifying estimation uncertainty in quantitative research. The ability to generate and correctly
interpret these intervals is fundamental to producing high-quality statistical reports.

To expand your proficiency in statistical computation, it is strongly recommended that you delve
into further documentation. The official SAS documentation provides exhaustive details on

advanced procedures, including methods for calculating confidence intervals for proportions,
variances, and regression coefficients. Additionally, reputable platforms such as Wikipedia remain
excellent resources for reinforcing the theoretical underpinnings of advanced statistical concepts.
Continuous application and practice are the ultimate keys to achieving mastery in statistical
software and data interpretation.
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