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1.1  Introduction to Data Mining  
According to Hand (1998), it is important for statisticians to become involved in data mining 
because statistical methods provide the glue that holds the process together. Because of its 
origins, data mining is a more practically oriented discipline than statistics. Therefore, it 
emphasizes topics that are not currently the focus of statistical research:  

• Data mining deals with heterogeneous data, sometimes with complex internal structures 
(such as images, video, text, and signals). 

• Data mining assumes that the raw data set is not of sufficient quality to apply a selected 
statistical methodology directly. Instead, the data set must be prepared with appropriate 
preprocessing techniques. That preparation can have as much or even more influence on 
the quality of the final results than the selected technique. 

• Data mining uses flexible predictive techniques that are often based on strong algorithmic 
foundations but have weaker formal statistical justification (such as artificial neural 
networks and decision rules).  

• Data mining often uses hidden (intermediate) variables as tools to perform a step-by-step 
compression of raw input data and presentation in more abstract form, which helps in 
building models for different tasks.  
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• Data mining attempts to find not only general, global models based on a data set but also 
local patterns (local models) in large data spaces, which is especially useful when the 
amount of data and the number of dimensions is so large that finding general models is 
cost prohibitive. 

• Data mining has a strong emphasis on an algorithmic approach and pays attention to 
issues of scalability (i.e., whether the approach will work with reasonable efficiency in 
large data sets). Approaches that are not practical are discouraged. 

 
Data mining concentrates on data management and optimization of data searches (with a focus on 
problems of preprocessing, data cleaning, algorithms, and data structures). Statistics is more 
oriented toward formalisms for final model representation and score function formalization in the 
data space to perform inference (with a focus on problems of models and principles of statistical 
inference). At the same time, data miners have focused on estimation and have generally ignored 
inferential models. Table 1.1 briefly compares statistics and data mining in terms of specific 
problems and tools.  

Table 1.1  Comparing Statistical Methods to Data Mining Tools 
 

Data 
Problem 

Statistical 
Methods 

Data Mining 
Methods 

 
Similarities 

 
Differences 

Classification Discriminant 
analysis and 
logistic 
regression 

Artificial neural 
networks, rule 
induction and 
classification 
trees 

 

A kernel density or 
nearest-neighbor 
discriminant analysis is 
equivalent to a 
probabilistic neural 
network. Most of the 
better data mining 
software packages also 
include logistic 
regression. The 
measure of fit depends 
on statistical measures 
such as correlation and 
odds ratios. 

Data mining partitions the 
data into training, testing, 
and validation; statistics 
depends more on cross-
validation techniques. The 
measure of fit is by 
misclassification rates. 

 

Analysis of 
variance 
(ANOVA) 

General 
linear 
model, 
mixed 
models 

Artificial neural 
networks, rule 
induction, and 
classification 
trees 

Both assess the 
accuracy of prediction. 

Data mining tools are 
designed for estimation, 
not for inference. 

                                                                                                                                  (continued)
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     Table 1.1  Comparing Statistical Methods to Data Mining Tools  (continued) 
 

Data 
Problem 

Statistical 
Methods 

Data Mining 
Methods 

 
Similarities 

 
Differences 

Estimation 
of 
probability 
distribution 

Kernel 
density 
estimation, 
empirical 
distribution 
functions 

None readily 
available 

Kernel density 
estimation is available 
in SAS/STAT software. 
However, most 
statistical software 
packages do not yet 
include it as an 
estimation technique. 
Therefore, kernel 
density is not yet in 
common use as a 
statistical method. 

It is not available 
directly in SAS 
Enterprise Miner 
software. 

Text 
extraction 

None readily 
available; 
still must 
rely on 
manual 
abstraction. 

Text mining 
tools use singular 
value 
decomposition 
and text parsing 
in combination 
with 
classification 
techniques to 
extract 
information. 

The primary method 
available for analysis is 
frequency counts. 

Clustering and 
classification tools 
are readily available 
to work with text 
information. 

 
Another important aspect of data analysis is the fitness and quality of data. In order to analyze the 
data statistically, it must first be in a format that we can analyze. According to Ferguson (1997), 
most organizations are drowning in data but starving for real information. As stated by Lambert 
(2002), many managers simply assume that the quality of the data they use is good. 
Unfortunately, poor quality appears to be the norm rather than the exception, and statisticians 
have largely ignored the issue. Poor quality data can cause more immediate harm and have other 
more indirect effects, according to Lambert (2002). Therefore, statisticians must consider the state 
of the data and the applicability of the statistical models. Working with complex data provides 
tremendous opportunities for statisticians who master the techniques of data mining. 

Another major difference concerns the size of the data sets. In statistics, with the primary concern 
being inference, p-values and statistical significance are the primary measures of model 
effectiveness. However, data mining typically involves large data sets that are observational rather 
than random. The confidence width and effect size in such large samples decreases to 0 as the 
sample size increases. It is not unusual to have a regression model with every parameter 
statistically significant but with a correlation coefficient of almost 0. Therefore, other measures of 
model effectiveness are used. In data mining, the data sets are usually large enough to partition 
into three types: training, testing, and validation. The training data set is used to define the model, 
the testing data set is used in an iterative process to change the model if necessary to improve it, 
and the validation data set represents a final examination of the model. Depending upon the profit 
and loss requirements in the data, misclassification is used in supervised learning where there is a 
specific outcome variable.  
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Another issue with observational data generally is the problem of potential confounders. Although 
this problem can be dealt with using statistical linear models by including potential confounders 
in the model, in practice, the data sets collected are too small to include all confounders that 
should be considered. Because data mining tools can include hundreds and sometimes thousands 
of variables simultaneously, potential confounders can and should always be considered in the 
data mining process.  

1.2  Introduction to SAS Enterprise Miner 5.2 
SAS Enterprise Miner software streamlines the data mining process to create highly accurate 
predictive and descriptive models. The models are based on analysis of vast amounts of data from 
across an enterprise. Interactive statistical and visualization tools help you better search for trends 
and anomalies and help you focus on the model development process. This section discusses SAS 
Enterprise Miner 5.2 in detail. 

Click Log On to start SAS Enterprise Miner software (Display 1.1).  

Display 1.1  Initial SAS Enterprise Miner 5.2 Screen 
 

 
 

Display 1.2 shows the next screen. You can access an existing project or create a new project. If 
you are using the software for the first time, select New Project. To access an existing project, 
select Open Project. 
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Display 1.2  Project Screen 
 

 
 

After you have selected New Project, the window shown in Display 1.3 prompts you for a 
project name.  

Specify a name for the project in the Path field.  

Display 1.3  Creating a New Project 
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There are tabs for start-up code and for exit code. Start-up code allows you to enter SAS code 
that runs as soon as the project is open; Exit Code runs every time the project is closed. The 
Start-Up Code tab is generally used to define a LIBNAME statement to inform SAS Enterprise 
Miner where all the project data are located. Enter the following code here: 

libname project ‘C:\project_directory’; 
 

Once this code runs, all data sets created in the project are stored in the 
C:\project_directory folder. If desired, you can assign the Sasuser library name that is the 
default in Base SAS software. The purpose of creating a separate library name for each project is 
to organize the data files. Only directories defined through the LIBNAME statement are 
recognized in the project.  Any data set you use must be located within the directory defined by 
the LIBNAME statement. Multiple LIBNAME statements can be used in the start-up code. 
However, at least one LIBNAME statement is required. 

Once you have created a new project, the Enterprise Miner—Workloads window appears (see 
Display 1.4). The menus on the left change based on the choices you make.  

Display 1.4  Initial SAS Enterprise Miner Project Screen 
 

 
 

You can also access the start-up code directly through the project name menu, which is displayed 
by clicking the project name, to create a library name. Just click the … button next to Start-Up 
Code in the menu on the left.  

All analyses begin with a data set. SAS Enterprise Miner software is used primarily to investigate 
large, complex data sets with tens of thousands to millions of records and hundreds to thousands 
of variables. Data mining finds patterns and relationships in the data and determines whether the 
discovered patterns are valid.   
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The next step is to access a data set. First, right-click Data Sources.  

Display 1.5  Accessing Data Sets in a SAS Enterprise Miner Project 
 

 
 

Click Create Data Source (Display 1.6).  

Display 1.6  Creating a Data Source 
 

 
 

Next, a series of windows leads you through all the required steps to access a new data set in SAS 
Enterprise Miner 5.2.



8   Introduction to Data Mining Using SAS Enterprise Miner  
 

 

Display 1.7  Creating a Data Source with the Data Source Wizard 

 
 

The next step is to define the SAS data table. Click Next to accept the default (Display 1.8). 

Display 1.8  Finding the Data File 
 

 
 

Click Browse to find data files contained within the defined libraries (Display 1.9).  
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Display 1.9  Defined Libraries 
 

 
 

If the libraries are not visible, refresh the screen. Select the library name where the data set is 
located and then click OK. Select the file, click OK, and then click Next.  

In Display 1.10, the general contents of the data file, including the number of variables and the 
number of observations, are listed. Display 1.10 also indicates when the data set was created and 
modified. Click Next.  

Display 1.10  Data Properties 
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Display 1.11 prompts you to choose basic or advanced information about the data set.  

You should routinely choose Advanced, even though the default is Basic.  

Display 1.11  Choice of Information Type 
 

 
 

The variables in the data set are generally divided into four categories: identification, input, 
target, and rejected. A rejected variable is not used in any data mining analysis. An input (also 
called an independent variable) is used in the various models and exploratory tools in the 
software. Often, input variables are used to predict a target value (also called a dependent value). 
An identification variable is used to label a particular observation in the data set. While they are 
not used to predict outcomes, identification variables are used to link different observations to the 
same ID. Some data mining techniques require a target variable while others need only input 
variables.  

There are other categories of variables as well that are used for more specialized analyses. In 
particular, a time ID variable is used in place of the more standard ID variable when the data are 
tracked longitudinally. A text variable is used with SAS Text Miner software. A raw data set is 
used to perform the initial analyses, unless the data are longitudinal, in which case the data set is 
identified as transactional.  

Many of the procedures used in SAS Enterprise Miner 5.2 are also available in SAS/STAT 
software. However, the procedures have different names, and sometimes perform slightly 
different functions. For example, the regression node in SAS Enterprise Miner performs linear or 
logistic regression, depending upon whether the target variable is continuous or discrete. The 
procedure itself determines the method to use. Similarly, there is a node for clustering.  

Other procedures, such as PROC NEURAL, are unique to SAS Enterprise Miner software. 
Methods that are available in SAS/STAT software that are not readily available in SAS Enterprise 
Miner can be added through a code node, which allows you to copy and paste code as needed into 
the SAS Enterprise Miner window. The ability to integrate SAS Enterprise Miner with 
SAS/STAT software and other SAS components is one of the great strengths of SAS Enterprise 
Miner software.  
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The sample data set shown in Display 1.12 identifies the role of all the variables as Input. 
However, not all the variables are listed. Use the scroll bar to access the remaining variables.  

Display 1.12  Variable Properties 
 

 
 

Initially, SAS Enterprise Miner 5.2 lists default role values. You can change these roles, as shown 
in Display 1.13.  

For variables highlighted in the Role column, options are displayed. You can click on the role to 
be assigned to the variable. In this example data set, only some of the variables will be examined; 
others will be rejected because they are not needed.  

Display 1.13  Changing Variable Roles and Levels 
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Other terms and roles can be used. However, this book focuses on the most basic and introduces 
others as needed.  

Similarly, the level can be changed. Most of the levels in this data set are either Nominal or 
Interval. Not all of the data fit those levels. For example, the Number_of_Courses variable will 
not be Nominal as the variable name itself indicates that it is a number. Therefore, it will be 
changed to Interval. Display 1.14 shows the overall attributes and the role of the data file itself.  

Display 1.14  Data File Attributes 
 

 
 

There are several roles for the data file, as shown in Display 1.15. They are explained in later 
chapters. For the basic analysis, the assigned role should be the default value of Raw.  

Other possible data set roles include Transaction, which is used if there is a time component to 
the data.  
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Display 1.15  Possible Data File Attributes 
 

 
 

Others include Train, Validate, Test, Score, and Document. Score is used when fresh data are 
introduced into a model. The remaining values will not be used in this example. 

It is sometimes necessary to change either a variable role or a level in the data set by selecting 
Edit Variables, which is found by right-clicking the data set name in the drop-down list  
(Display 1.16).  

Display 1.16  Changing Variable Roles and Levels 
 

  
 

This option returns you to the window shown in Display 1.12.   
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1.3  Exploring the Data Set 
To perform data mining, first you need to understand the data. Therefore, you must explore the 
data, draw some graphs of the data, and perform basic data summaries. These summaries include 
some tables. Some of the exploration is relatively straightforward and can be performed using a 
number of SAS components, including SAS/INSIGHT software, SAS/STAT software, and 
SAS/GRAPH software. Some of the basics are available in SAS Enterprise Miner 5.2, and are 
shown here.  

There are a number of ways to explore a data set in SAS Enterprise Miner 5.2. The first is to click 
Explore (shown in the upper right-hand corner of Display 1.12). A second way is to select 
Explore from the menu shown in Display 1.16. A third way is to click the StatExplore icon 
located on the Explore tab. Each of these options leads to the same exploration. However, in 
order to use the StatExplore icon, a diagram should be defined. The other two options do not 
require a diagram.  

Once the data set is defined in the software, a diagram can be defined. The first step is to right-
click the Diagrams icon (Display 1.17).  

Display 1.17  Defining a Diagram 
 

 
 

You are then prompted to name the diagram (Display 1.18). Once you provide the name, the 
window on the right-hand side of the screen becomes white. The SAS Enterprise Miner diagram 
is constructed within that white frame. 

Display 1.18  Naming the Diagram 
 

 
 

Once you have named the diagram, move icons into the workspace area by clicking and dragging 
using the mouse. To explore the data using StatExplore, two icons are moved into the diagram 
window (Display 1.19): the data set to be explored and the StatExplore icon.  
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Display 1.19  Initial Diagram for the StatExplore Process 
 

 
 

First, move the Workloads icon to the diagram window using the right mouse button. Next, move 
the StatExplore icon, found on the Explore tab, to the diagram. Using the left mouse button, 
move from one icon to the next, and the two will connect. Right-click the StatExplore icon to 
access a menu to run the exploration (Display 1.20). 

Display 1.20  StatExplore Node Options 
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When you choose to run an icon in the diagram, SAS Enterprise Miner runs all icons that lead up 
to the chosen icon. A green border surrounds the icon when it is running (Display 1.21). An error 
has occurred if the border turns red. Once the processing has completed, you are prompted for the 
next step. 

Display 1.21  Running the StatExplore Process 
 

 
 

A prompt indicates that the results are available. Click OK. Right-click the menu to view the 
results (Output 1.1). 
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Output 1.1  StatExplore Results in Output Window 
 

 
 

The View menu allows you to access more output values. The results from the StatExplore node 
provide a summary of the variables in the data set. Included in the View menu is an option to 
create plots of the data. These options are discussed in more detail later in this chapter. 



18   Introduction to Data Mining Using SAS Enterprise Miner  
 

 

Output 1.2  Results Using the Explore Button 
 

 
 

Using the Explore button when first defining the data set or the Explore option in the menu in 
Display 1.16, displays a summary of the data set. Clicking Explore yields the result in  
Output 1.3.  
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Output 1.3  Explore Button Results 
 

 
 

1.4  Analyzing a Sample Data Set 
To explore the data well, you need to know about the domain. Therefore, it is essential to discuss 
the sample data set in more detail. This data set was chosen so that most readers would 
understand the basic domain of the data. 

The data set contains the workload assignments for university faculty in one academic department 
for a three-year period. There are a total of 14 variables and 71 observations. There are a number 
of reasons to examine the data: to determine if employee resources are used efficiently and to 
determine whether there are longitudinal shifts in workload assignments that might impact overall 
productivity. 

In terms of domain knowledge, it is important to understand why workloads are assigned in this 
fashion and why overall trends can be overlooked. Faculty members are responsible for 
publications, presentations, and grants at the end of the year. They are also responsible for 
teaching courses. As salaried employees, they have no required hours to fulfill on a daily or 
weekly basis. The workloads, then, are negotiated on an individual basis between each faculty 
member and administrative officials. Attempts to standardize workload requirements have not 
been entirely successful. Without standardization, trends are often missed because the data are not 
examined and summarized. The variable list for the data set is given in Table 1.2.  
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Table 1.2  List of Variables in the Workload Data Set 
 

Variable Name Variable Description 
Faculty Faculty members are identified only by number to 

preserve anonymity. 

Year This is defined as an academic year—August to May. 

Percent instruction The percentage of a full-time workload devoted to 
instruction. Instruction includes teaching courses, 
supervising students in independent study and theses, 
and preparation of new courses. 

Percent courses The percentage of a full-time workload devoted solely 
to teaching courses. 

Number of courses Course percentages have been standardized. Different 
percentages are allocated for 4- and 5-credit hour 
courses (13% and 16% respectively) while a 3-credit 
hour course gets a standard 10%. Higher percentages 
are also given for teaching large lecture courses. 

Number of calculus courses Each calculus course is allocated 18% of the workload. 

Number of large lecture courses Each large lecture course is allocated 10%+2% per 
recitation section. 

Student supervision The number of students supervised by a faculty 
member in independent study (2% each) and theses 
(3% each). 

Preparations If a new course is being taught, time is allocated for 
the extra preparation required. 

Percentage professional activity The time allocated for research activities. Faculty 
members are expected to publish, submit grant 
applications, and present at professional conferences. 

Percentage service Faculty members are also required to serve on 
committees or in administrative assignments. 

Rank Full-time faculty members have three possible ranks: 
assistant, associate, and full. Assistants are usually not 
tenured; associate and full faculty members usually 
are.  

Sabbatical Every seven years, faculty members have the potential 
for a half-year (at full pay) or a full-year (at half pay) 
sabbatical, usually related to research activities. 

Administration The percentage of service specifically allocated to 
administrative activities. 

 
Rank, Sabbatical, and Year are identified as class variables, containing nominal data. The 
remaining variables are identified as interval variables. These assignments are made 
automatically by the software. To investigate these variables using the StatExplore node, examine 
the class variables (Display 1.22).  
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Display 1.22  Menu Choice for Plotting Class Variables 
 

 
 

Output 1.4 shows the results of plotting class variables.   
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Output 1.4  Plotting Class Variables 
 

 
 

The resulting analysis indicates that the number of full and associate rank faculty members is 
nearly equal, with fewer at the assistant rank. The number of responses per year is about the 
same. Most faculty members do not have sabbaticals. In addition, half-year at full pay is more 
popular than full-year at half pay.  

The bar charts from the output are interactive. If there are too many levels, they cannot all be 
displayed at once. By moving the cursor, additional parts of the charts are displayed. Variables 
are displayed in Output 1.5.  

Output 1.5  Plotting Interval Variables 
 

 
 



Chapter 1:  The Basics of SAS Enterprise Miner 5.2   23 

 

At first glance, this chart is hard to decipher. All interval variables are represented and numbered. 
The coefficient of variation is defined on the y-axis. To read the bars, move the cursor over one of 
them and specific information is displayed (Output 1.6).  

Output 1.6  Display of Information for Interval Variables 
 

 
 

The cursor provides the variable name. Note that interval variables are displayed in the order of 
the magnitude of the coefficient of variation. More plots are provided with the MultiPlot node, 
discussed later in this section.  

Other information provided in the StatExplore node includes summary statistics, means for 
interval variables, and frequency counts for class variables (Output 1.7 and 1.8). 
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Output 1.7  Summary Statistics for Class Variables 
 

 
 

The different observations for each class variable are listed, along with the frequency of each 
possible outcome. There are 59 values of None for the variable Sabbatical compared to 3 values 
for the year and 9 values for a semester, either fall or spring. In addition, consider the frequency 
for faculty rank. The total number of faculty members appears to be 71. However, because the 
data cover three years, it is clear that there are duplicates. For this reason, the percentages are 
more reliable. The percentage is given along with the frequency. 

Output 1.8  Summary Statistics for Interval Variables 
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According to the summary values, the mean instruction is 41.6%, but the median is 50%. This 
indicates that there are a few faculty members with reduced instructional workloads of less than 
50% who skew the mean downward. Similarly, the mean number of courses is equal to 3.10, but 
the median is equal to 5, reinforcing the fact that a small number of faculty members teach fewer 
courses compared to the majority. 

Note that the Faculty variable is listed as an interval variable, with a mean and a standard 
deviation. However, numbers were used to mask faculty identity. Therefore, the level of that 
variable should have been changed to nominal and was erroneously left as interval. The level of 
the variable can be changed by returning to the data set node and selecting Edit Variables 
(Display 1.23).  

Display 1.23  Changing Variable Roles 
 

 
 

Selecting Edit Variables brings up Display 1.24.  

Display 1.24  Edit Variables 
 

 
 



26   Introduction to Data Mining Using SAS Enterprise Miner  
 

 

Right-click Level for Faculty_ to change it from Interval to Nominal (Display 1.25).  

Display 1.25  Changing Levels 
 

  
 

Once this is changed, running the StatExplore node produces the results shown in Output 1.9. 

Output 1.9  Revised Chart after Faculty Variable Changed to Nominal 
 

  
 

The first 10 faculty members are listed for all three years; faculty members identified as numbers 
8 and 9 have two years with no teaching responsibilities.  

Only the first 10 faculty members are shown in the chart. By moving the cursor to the right of 10, 
the remaining faculty members are shown (Output 1.10).  
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Output 1.10  Complete Bar Chart of the Faculty Variable 
 

 
 

This chart indicates that there are three faculty members with no teaching responsibilities for one 
of the three years depicted. You will use the MultiPlot node next to examine the variables in the 
data set (Display 1.26).  

Display 1.26  MultiPlot Node Icons in Diagram Space 
  

 

 

 

 

 

 

 
Options for the node appear in the lower left-hand corner of the window. In particular, there are 
options for the types of charts that can be displayed (Display 1.27).  
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Display 1.27  Options for Charts Using the MultiPlot Node 
 

  
 

Both bar charts and scatter plots are available. The default is the bar chart.  

To examine the workloads data, bar charts were used. There are a total of 14 charts (Output 1.11 
through 1.17). 

Output 1.11  First Two Charts for the First Two Variables in the Data Set 
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It is clear from the bar charts in Output 1.11 that most faculty members have no administrative 
responsibilities (a total of 48 are in the first bar). Those who do have administrative 
responsibilities show considerable variability in the assigned workload. Even though the variable, 
Faculty, has been changed to Nominal, it is still represented in a bar chart. The chart for faculty 
members provides no meaningful information at this point. 

Output 1.12  Charts 3 and 4 for the Large_Lecture and Number_of_Courses Variables  
 

 
 

Chart 3 demonstrates that only a few faculty members teach large lecture courses with 150 or 
more students, with the majority teaching none. Of those teaching large lectures, almost twice as 
many teach two large lecture courses (14) as teach one (8). For the number of courses taught, 
most faculty members teach four courses in a year (two per semester). However, the graph also 
shows that many teach reduced loads of less than four. Only two faculty members teach more 
than the standard load of four courses. 

Output 1.13  Charts 5 and 6 for the Preparations and Rank Variables  
 

 
 

It is not common for faculty members to allocate a percentage of their workload to new course 
preparation. This allocation is reasonable because few courses taught in any semester are new. 
However, some faculty members receive time for new course preparation if they have never 
taught the course before. The Rank variable demonstrates what the frequency summary statistic 
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already indicated: there are far fewer assistant rank faculty members compared to those of 
associate or full rank. Faculty members in this department are clearly aging.  

Output 1.14  Charts 7 and 8 for the Sabbatical and Student_Supervision Variables 
 

 
 

The Sabbatical variable is also nominal. The chart clearly indicates that most faculty members are 
not taking a sabbatical. The Student_Supervision variable offers more interesting information. 
Most faculty members are not working with any students on independent study or theses. 
However, a small number of faculty members are very active in working with students.  The 
workload for supervision is decidedly skewed. 

Output 1.15  Charts 9 and 10 for the Year and _Calculus_Courses Variables 
 

 
 

Chart 9 indicates that there is one less observation for 2003–2004 compared to the other two 
years, demonstrating a reduction in the number of full-time faculty. Chart 10 indicates that many 
faculty members teach at least one calculus course during an academic year. Slightly more teach 
two calculus courses during the year.  
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Output 1.16  Charts 11 and 12 for the _Courses and _Instruction Variables 
 

 
 

It is useful to compare courses with instruction side-by-side. The shape of the distributions differs 
somewhat. Therefore, some faculty members have additional instructional responsibilities that are 
not related to teaching courses compared to other faculty members. The peak or mode for 
instructional activity occurs at the 55% level for instruction and at the 55% level for courses, 
indicating that most faculty members have no additional instructional responsibilities other than 
teaching.  

Output 1.17  Charts 13 and 14 for the _Prof_Activity and _Service Variables 
 

 
 

Professional activity and service have similar distributional shapes but different scales. Faculty 
members generally have more time allocated for research activities than for service activities. A 
few faculty members have large time allocations (above 50%). 

Why is there so much variability in workload assignments, especially for faculty members of 
similar ranks? Other areas to investigate include whether there is a shift over the three-year time 
frame or if some of the variables are related to each other. These questions are explored in more 
detail in later chapters. 



32   Introduction to Data Mining Using SAS Enterprise Miner  
 

 

It is important to note that the StatExplore and MultiPlot nodes are tools to explore the data. It is 
up to you to use the tools and to interpret the findings. The more you are aware of domain 
knowledge, the more information you can extract from the data. It is particularly difficult, if not 
impossible, to attempt to interpret the results of a data mining investigation without any domain 
knowledge.  

1.5  Presenting Additional SAS Enterprise Miner Icons 
It is always possible to find patterns in the data. For example, flip a coin 10 times and suppose it 
comes up H, H, H, H, H, T, T, T, T, T. Without any attempt to verify the pattern of 5 heads 
followed by 5 tails, it is possible (although not valid) to conclude that every time a coin is flipped 
10 times, the same pattern will occur. It is a conclusion that is easily contradicted if the coin is 
flipped several more times. Although this example seems somewhat absurd, other patterns seem 
to be accepted by many people with even less justification. Pattern recognition without validation 
is a reason that data mining as a method was often disparaged in statistical training.  

Therefore, it is strongly recommended that you partition the data routinely into three data sets: 
training, validation, and testing. The training data set defines the model in SAS Enterprise Miner 
5.2. The validation data set iteratively ensures that the developed model fits a fresh data set. Once 
the model is completed, the testing data set makes a final comparison. Because the division of a 
data set is so crucial to validation of the process, the software is set up so that splitting the data set 
into three components is almost automatic.  

For a given target value, the accuracy of the final model is initially judged by the 
misclassification rate, where misclassification occurs when the predicted target value is not equal 
to the actual target value. There are additional diagnostics in the software that are discussed later.  

Another difference between traditional statistics and data mining is that there are often many 
different models that can be used to investigate the data. Instead of choosing just one model to 
define a specific p-value, many different models are used and compared. Assessment methods 
have been developed to make these comparisons using the training, validation, and testing 
methodology. 

Another important component of SAS Enterprise Miner 5.2 is the ability to score data. Scoring 
relates the predicted value to the actual value, and the closeness of one to the other can be 
examined using other statistical techniques. Scoring is particularly important when examining the 
likelihood of a customer making a particular purchase and the amount of the purchase. In this 
case, scoring assigns a level of importance to a customer. For wireless phone service, churn 
(meaning that a customer decides to switch phone providers) is important; the provider wants to 
predict in advance those who are likely to churn in order to give those customers incentives to 
stay. How can a business predict the likelihood of churn to offer incentives to prevent it? Scoring 
provides a means of making such predictions.  

A number of icons on the Sample and Modify tabs are useful in investigating data. The Partition 
icon (Display 1.28) is extremely important and should be used almost routinely, particularly with 
very large data sets. This icon divides the data into three sets: train, validate, and test. For many 
of the models in the software, the training data set initially defines the model; the validation data 
set tests the model in an iterative process with the training set. The testing data set examines the 
overall accuracy of the model once it is complete.  
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Display 1.28  Partition Icon to Divide the Data Set 
 

  
 

In the left-hand window, the defaults are 40% training, 30% validation, and 30% testing. These 
defaults can be modified by moving the cursor and changing the values.  

Unless there is a good reason to change them, the defaults should be used to partition the data. 
The Drop icon (Display 1.29) allows you to remove specific variables from consideration as input 
or target variables. Specific variables might be used or dropped as models are developed to 
predict outcomes. While the initial list of variables might have 100 inputs, you might need to 
focus on just 10 for the model. In that case, the remaining 90 can be dropped for the remaining 
part of the analysis.  

Display 1.29  Drop Icon 
 

  
 

When the Drop icon is highlighted in the Diagram window, the option to drop variables is listed 
in the left-hand window. The same list appears by right-clicking the Drop icon to Select Edit 
Variables (Display 1.30). 
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Display 1.30  Drop Variables 
 

  
 

Note that a Drop column has been added. Right-clicking any variable allows Default to change 
to Yes or No depending on whether you want to drop or keep the variable. The default indicates 
the assignment from the initial data set. You can use the Transform icon (Display 1.31) to modify 
the variables in the data set.  

Display 1.31  Transform Icon 
 

  
 

For example, interval variables can be divided into categories of values. Different options appear 
in the left-hand window for interval and class variables (Display 1.32).  
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Display 1.32  Options for Interval Inputs 
 

  
 

You can standardize the variables or block them into classes. The options for class inputs are 
listed in Display 1.33.  

You can use a variety of methods to block interval inputs into categories. The default is None. 
The quintile method creates five different classes with approximately 20% of the data values in 
each class. It might, for example, be useful to take the variable, Age, and divide it into five 
classes: children, young adults, middle age, retirement age, and oldest. Examine the different 
methods to see what classes are defined for the variables. Target interval variables, on the other 
hand, are standardized to mean 0 and variance 1.  

Display 1.33  Options for Class Inputs 
 

 
 

The software automatically groups rare classes as they occur. It also creates dummy indicators if 
needed. Examine the data by changing options. Again, the default is to use none. However, if all 
of the defaults are none, there is no reason to use this node. Therefore, the transform node is used 
only if some of the defaults are changed to actually transform some variables. 

One transformation that is of interest is the creation of interaction terms. If the Interaction Editor 
is selected in the transform node options, then a popup window appears (Display 1.34).  
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Display 1.34  Interaction Editor 
 

  
 

Once more than two terms are entered and saved in the Term window, they can be crossed by 
highlighting the terms to be crossed and clicking the cross button. Once completed, click OK.  

The different input variables can interact with each other. For example, a faculty member with a 
high service component probably has a lower teaching level. Similarly, the number of courses can 
be related to the level of research. Interactions can be used to investigate these relationships.  

To demonstrate the use of the Transformation icon, you standardize all interval inputs in the 
Workloads data set, and combine rare occurrences in the class variables. Also, you examine the 
interaction of professional activity and service. The results after running the Transformation icon 
appear in Output 1.18 and 1.19.  
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Output 1.18  Results of Transformation Node 
 

  
 

Each variable name is now preceded by STD_. The level is given as interval for the transformed 
variables. Use the View menu to display summary statistics. The output screen is expanded in 
Output 1.19. 

Output 1.19  Transformation Output 
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The transformation formulas are provided in the output. The interaction is also identified. To 
examine the interaction in more detail, connect a MultiPlot to the Transformation icon and plot 
the interaction (Output 1.20). 

Output 1.20  MultiPlot Result after Transformation 
 

 
 

Because the scale for both professional activity and service is from 1–100, the scale for the 
interaction is clearly the product of the two and goes from 0 to 2,000. Note that very few faculty 
members have both high service and high professional activity.  

Two additional icons are discussed here: Filter and Impute (Display 1.35). The purpose of the 
Filter icon is to remove outliers, or extreme values, in the data.  
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Display 1.35  Filter and Impute Icons 

  
The Impute icon replaces missing values. The default is to substitute the mean for interval 
variables that are missing and to substitute the most frequent value for nominal data. The default 
results for the Filter icon are given in Output 1.21.  

Be careful when using the Impute icon. If too many missing values are replaced, the outcome can 
become biased. If missing values are not somewhat randomized throughout the input values, the 
results can also become biased. Use imputation if the missing values are randomly scattered 
throughout the input and consist of 5% of the total number of values for any one input variable. 
Otherwise, imputation should be used with extreme caution. A number of imputation methods are 
available in SAS/STAT software. See the SAS/STAT documentation for more information. 
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Output 1.21  Filtered Results 
 

  
 

A total of seven observations have been filtered. For the Administration variable, the maximum 
has been cut from 60 to 50, while reducing the mean from 8.38 to 6.64. Other variables also 
appear in the output.  

Filtering variables reduces the impact of outliers on the variable means. In this case, the highest 
level of service is nearly 100%; no other value comes close. You decide whether to filter outliers. 
An optimal method is to perform the analyses with and without filtering to see if the outcomes are 
considerably different.  
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Note that SAS Enterprise Miner 5.2 creates new data sets as it makes the changes listed in this 
section. To examine these data sets, you must identify them. Consider again the diagram 
discussed in this section (Display 1.36). Moving the cursor to any line connecting nodes indicates 
what data sets are passed from one node to the next. In this example, the line connecting the 
Partition and Filter nodes is highlighted. On the left-hand side, three data sets are identified: 
EMWS.Trans_TRAIN, EMWS.Trans_VALIDATE, and EMWS.Trans_TEST. Refer to these data 
sets in a SAS Code node.  

Display 1.36  Identifying Data Sets Passing from One Node to the Next 
 

 
 

Anytime you want to examine databases created by one node, connect a SAS Code node to it, and 
then click on the connection.  

Basic options appear on the left-hand side when the node is highlighted. To find the advanced 
options, select View  Property Sheet  Advanced (Display 1.37).  
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Display 1.37  Selecting Advanced Options 
 

 
 

Once you have mastered the basics, you can modify some of the advanced options to see their 
impact.  

You can adjust the diagram by selecting Layout (Display 1.38). This is one of the advantages of 
using a Java interface. 

Display 1.38  Automatic Adjustment in Diagram 
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1.6  Exercises 
You should investigate the Workload data set using the SAS Enterprise Miner 5.2 nodes 
discussed in this chapter. A second data set is provided, called Student_Survey. The variables in 
the list correspond to the order of the questions asked in the following survey. The variable names 
correspond to the questions in the survey. However, all possible responses to question 1 are listed 
as separate variables with a binary response. Open-ended questions were not included in the data 
set. Question 19 is an interval response; all others are ordinal or nominal responses. This data set 
is used in subsequent chapters. Therefore, you should become familiar with it by using the 
StatExplore and MultiPlot icons to examine the data.  

As a first step, create this file as a data source in the project.  

Course___________  Section ____________ 

1.  The areas of mathematics which interest me are (Check all that apply): 
_____Pure mathematics  

_____Applied mathematics 

_____Abstract algebra 

_____Number theory 

_____Topology 

_____Real analysis 

_____Discrete mathematics 

_____Differential equations 

_____Actuarial science 

_____Probability 

_____Statistics 

2.  I am currently enrolled in the following mathematics classes:  
     ______________________________________________________________. 
3.  The mathematics courses I would like to take in the spring and fall semesters are:  
     ______________________________________________________________. 
4.  Maple was used in the following classes:  
     ______________________________________________________________. 
5.  Other computer software or calculators were used in the following classes:  
     ______________________________________________________________. 
6.  I want [more, less (circle one)] use of the computer software in class. 
7.  The computer lab taught in calculus was [very useful, somewhat useful, of little use,  
      totally useless, I am just starting calculus]. 
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8. The computer lab in calculus was [very organized and well coordinated with class 
material, somewhat organized and partially coordinated with class material].  

9. I would prefer that the applied mathematics courses focus on [concepts, computation]. 
Currently, they focus on [concepts, computation]. 

10.  (agree, disagree) I would like to get a BS degree in mathematics. 
11.  (agree, disagree) I could not get the classes I needed to fulfill an applications area for the 

BS degree. 
12.  (agree, disagree) The courses I couldn’t get for my applications area were in the 

mathematics department. 
13.  (agree, disagree) The courses I couldn’t get for my applications area were in other 

departments. 
14. I am working toward a BA degree and the reason is__________________________. 
15. I am no longer working toward a mathematics major because _________________. 
16. I do not want to major in mathematics because ______________________________. 
17.  (agree, disagree) A mathematics major is prepared only to teach after graduation. 
18. (agree, disagree) I would like to do a co-op in an area business.  
19. In comparison with other students in mathematics, I think my skills and knowledge are 

[very weak, weak, average, strong, very strong]. 
20. I usually spend _____ hours per week studying mathematics. 
21. Course instructors [rarely, occasionally, frequently, usually, always] expect me to know 

things that were never previously covered in class. 
22. Course instructors [rarely, occasionally, frequently, usually, always] expect me to know 

things that I remember seeing in a previous class but have forgotten. 
23. There is [way too much, too much, about right, too little, way too little] material taught in 

mathematics courses. 
24. The workload required is [way too much, too much, about right, too little, way too little]. 
25.  (agree, disagree) I understand the links between the different mathematics courses in the 

program. 
26.  (agree, disagree) I can see the links between course content and current research in 

mathematics. 
27. A course designed to teach how to do mathematical proofs is [of great value, of some 

value, of little value, of no value] to me. 
28. My work habits and study methods [are inadequate, are adequate, are more than 

adequate] to really succeed in studying mathematics. 
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The variables in the data set are listed in Table 1.3. 

Table 1.3  Variable Names in Survey 
 

Variable Name Corresponding Question in Survey 

Student_Type No question 
CourseLevel Condensed from initial question on course 
Course Initial question on course 
Section Initial question on section 
Pure Question 1 
Applied Question 1 
AbstractAlgebra Question 1 
NumberTheory Question 1 
Topology Question 1 
RealAnalysis Question 1 
DiscreteMathematics Question 1 
DifferentialEquations Question 1 
ActuarialScience Question 1 
Probability Question 1 
Statistics Question 1 
_enrolled Question 2 
_wanttoenroll Count of courses in Question 3 
_maple Question 4 
_othersoftware Question 5 
Usecomputer Question 6 
Calculusmaple Question 7 
Qualitylab Question 8 
Appliedmathdoes Question 9, first response 
Appliedmathshould Question 9, second response 
BS Question 10 
Notgetclasses Question 11 
Notgetmath Question 12 

                                                                                                      (continued)
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Table 1.3  Variable Names in Survey  (continued) 
 

Variable Name Corresponding Question in Survey 

BA Question 14 
Quitmajor Question 15 
Notmajor Question 16 
Teachmajor Question 17 
Intern Question 18 
Comparestudents Question 19 
Hours Question 20 
Expectknownever Question 21 
Expectknowprevious Question 22 
Toomuch Question 23 
Links Question 25 
Linksresearch Question 26 
Proofs Question 27 
Workhabits Question 28 
Coursestaken No question 
Coursesnotscheduled No question 
FormNumber No question-identifier 

  
Note that Question 13 is omitted from the data set because the respondent was asked to write a 
list of courses. Therefore, it was not used when the data set was created. 

There are many missing values in the data set, so imputation is required. Some errors require 
auditing of the data. Because most variables are similarly scaled, standardization is not required 
(unless the Hours variable is included in an analysis). There are approximately 190 observations, 
so it is reasonable to partition the data set.  

You should examine the results and write a brief summary of the results and conclusions reached 
by examining the data using the basic summary methods outlined in this chapter.  
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