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Introduction 

The South Dakota Department of Transportation (DOT) uses pavement performance models in its 
pavement management system to predict pavement performance, estimate future maintenance and 
rehabilitation needs, and ultimately develop the statewide, multi-year optimized construction programs. 
Because accurate performance prediction models are so important to the development of optimized 
construction programs, it is imperative that the South Dakota DOT annually update (or as necessary) its 
pavement performance model-building process to develop new, reliable performance models based on 
available historical pavement condition data. 

As part of South Dakota DOT research project (SD2011-04) Update Performance Curves for South 
Dakota DOT’s Pavement Management System, the Pavement Performance Modeling (PPM) tool was 
developed for creating, updating, and assessing pavement performance models. The PPM tool utilizes 
historical pavement condition data exported from the South Dakota DOT dTIMS pavement management 
software to analyze and develop performance prediction models. 

Although developed specifically for determining pavement performance predication models, the PPM 
tool could be modified for application to other assets. The PPM tool is generic in the sense that it will 
process any data set that is similar in format to the data contained in the dTIMS pavement management 
software. For example, the following data assumptions are used in the PPM tool: 

 The y-variables are to be called condition indicators. These variables must have annual numeric 
data. 

 The x-axis variables are asset age. 

 Data set requires a segment length variable, and at least one subdivider variable, which is used to 
define the asset family tree. 

In order to use the PPM tool for developing other asset performance models, modification will be 
required to the PPM tool nomenclature (i.e., remove references to “pavement”), and depending on the 
asset type, redefining the segment length variable may be required. Once the data issues are resolved, the 
PPM tool can be used for developing performance models for other non-pavement assets. 

About the PPM tool 

The PPM tool methodology is based on the input obtained from a national literature review, South Dakota 
DOT and industry pavement management stakeholder interviews, and the South Dakota DOT project 
technical panel. Some features and capabilities of the PPM tool include: 

 Ability to import and use existing South Dakota DOT pavement condition data contained within 
the dTIMS database. 

 User-friendly interface for developing and updating the pavement family definitions. 

 Regression model development using five model forms (linear, quadratic, cubic, power, and 
exponential) that are presented in both graphical and tabular format. 

 User-friendly interface for filtering the condition data points and identifying data outliers.  

 Comparison of current and new recommended models in both tabular and graphical formats. 

 Ability to include user-specified regression equations. 

 Ability to export final models in a format capable of being imported back into dTIMS. 
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The general functionality and typical data flow through the software is shown in figure 1. 

 
Figure 1. Functionality and data workflow of the PPM tool. 

Getting Started 

This section describes the procedures for installing and getting started with using the PPM tool.  

System Requirements 

The PPM tool is a stand-alone Windows .NET application that runs under the Windows XP operating 
system (Service Pack 3), as well as more recent versions of the Windows operating system. The minimum 
computer hardware requirements include 4GB RAM and 1GHz processor clock speed. A screen 
resolution of 1024 x 768 or higher is recommended. 

Installing the PPM tool 

To install the PPM tool, locate and run the PPMToolSetup.msi installation file. Running this .msi file will 
start the PPM tool Setup Wizard. To install the software, simply complete the setup wizard. Note: the 
second step of the wizard will ask you to select the location of the folder on your computer where you 
would like to install the PPM tool software. The default location is “C:\Program Files\Applied Pavement 
Technology\PPM tool\”; however, you may choose another location. 

Note that if you run the installation file again after the PPM tool software has been installed, the setup 
wizard will open and ask you if you want to Repair or Remove the current version of the software. 
Choosing Repair will cause the software to be reinstalled, while choosing Remove will completely 
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remove the software from your computer. If you wish to install the software again after choosing the 
Remove option, you will need to rerun the PPMToolSetup.msi installation file. 

Software License Agreement 

South Dakota DOT has been granted a nonexclusive, nontransferable, irrevocable, royalty-free license to 
use the PPM tool. The South Dakota DOT is not prohibited from making additional copies of the PPM 
tool for its own use. The PPM tool shall not be sold, given, transferred, published, disclosed, made 
available, or otherwise disseminated to any third party unless authorized by Applied Pavement 
Technology, Inc. 

Starting the PPM tool Software 

To launch the PPM tool, browse to the software location that you defined in step two of the installation 
wizard and run the PPMTool.exe file stored at that location. Note: if you are using Windows 7 and 
accepted the default file location in step two of the installation wizard (i.e., “C:\Program Files\Applied 
Pavement Technology\PPM tool\”), the installation wizard will automatically place a shortcut to the 
software in the Windows Start Menu. To run the software from the Windows Start Menu, select Start  
All Programs  Applied Pavement Technology  PPM tool. 

Creating/Opening an Analysis Session Data File 

On initial startup of the PPM tool software, the user is presented with the blank window shown in figure 
2. The next step is to create a new, or open a previously saved, analysis session data file. For the PPM 
tool, analysis session data files (stored with a .ppmd file extension) are self-contained data files that store 
all details of a user-defined analysis session, including: 

 Pavement condition data imported from dTIMS. 

 The user-defined pavement family tree definition. 

 User-defined regression analysis setup parameters such as exclusion and outlier rules. 

 Regression analysis results. 

 User-defined final model selections for defined pavement families. 

The instructions on how to create a new, or open an existing, .ppmd file are described below. 

Creating a New Analysis Session Data File 

To create a new .ppmd file, select the New option under the File menu. Once this step is complete, the 
main window will be populated with the tab-based interface shown in figure 3. Note that when you create 
a new analysis session, most of the tabs (along the left side of the window) are initially disabled. This is 
because many parts of the user interface require prerequisite steps to be complete before they become 
meaningful. Therefore, in a given analysis session, the user will generally work from top to bottom in the 
tab set defining necessary information in each tab. As the user defines the necessary information for a 
given tab, the next tab in the sequence will be enabled to allow user access. 

Opening an Existing Analysis Session Data File 

To open an existing .ppmd file, the user needs to complete the following steps: Under the File menu, 
select the Open menu item to open the Open dialog box. 

1. Use the controls in the Open dialog box to browse for and select an existing .ppmd file. 

2. Click the Open button to open the file. 
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Figure 2. Example of the main PPM tool window at startup. 

Once an existing file is opened, the main window will be populated with the tab-based interface shown in 
figure 3. However, when opening an existing file, all tabs accessible (i.e., enabled) when the analysis 
session was last saved will again be accessible. 

Introduction to the PPM tool Main Window 

Once an analysis session file has been opened or created, there are many different software features that 
are available to the user in the PPM tool main window. In general, there are three different primary 
components of the PPM tool main window: the menu bar, the left analysis tab control, and the tab details 
area. Each of these three areas of the main window are shown in figure 4, and described briefly below. 

 Menu bar—The menu bar provides the user with access to a number of global-type functions in 
the areas of file management, file editing, and configuring the analysis features. 

Analysis tab control—In addition to the starting Home tab, the analysis tab control on the left side 
of the main window provides the user with access to the five main steps of the performance 
model development process (i.e., Data Definition, Family Tree Building, Regression Analysis, 
Model Selection, and Final Model Summary). As mentioned previously, these steps of the 
analysis tab control are intended to be completed in order from top to bottom. However, once an 
analysis session has been set up, the user may choose to make changes to and reprocess data on 
any of the available tabs in the analysis tab control. 
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Figure 3. Example of the main PPM tool window after creating a new analysis session. 

 Tab details area—The tab details area is the area on the main window where all of the details of 
the currently selected analysis tab control tab are displayed. This is the main interactive area of 
the interface where the user defines inputs and controls the analysis process using provided user 
interface controls. 

General Software Features 

The general features of the PPM tool are described in detail in this section. Overall, the PPM features can 
be categorized as those accessed from the menu bar at the top of the main window, and those displayed 
under each tab of the analysis tab control. The specific features provided in each of these two categories 
are described separately below. 

Menu Bar Features 

The menu bar provides access to a number of general features or functions that are not specific to one of 
the analysis process steps represented on the analysis tab control. Specifically, the menu bar contains four 
items: File, Edit, Configure, and About. Click on any of these four menu items to display a list of 
associated commands in a drop-down list box. Each of these four main menu items is described in more 
detail below. 
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Figure 4. Example of the main PPM tool window after creating a new analysis session. 

File 

The File menu contains commands primarily related to managing .ppmd data files. The following seven 
commands are contained under the File menu: 

 New—Creates a new .ppmd data file. 

 Open—Opens an existing .ppmd data file. 

 Close—Closes the current .ppmd data file. 

 Save—Saves the current .ppmd data file. 

 Save As—Saves the current .ppmd data file using a different file name. 

 Print—Provides access to controls that allow the user to print the user-specified nodes (pavement 
families) and condition indicators. 

 Exit—Closes the PPM tool (user will be prompted to save current .ppmd data file). 

Edit 

The commands contained under the Edit menu item include the following: 

 Undo—Undoes the last completed command in the software (when available). 

Analysis tab control 

Menu bar
Tab details area 
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 Redo—Redoes the last completed command in the software (when available). 

Configure 

The Configure menu provides access to many global-level analysis-related parameters and commands. 
More details on each of the commands under this menu item are included below: 

 Condition Indicators—Selecting this menu item opens the Set Condition Indicator Preferences 
dialog box displayed in figure 5. Each condition indicator (as specified under the DATA 
DEFINITION tab) is displayed in this dialog box and provides controls for specifying condition 
indicator information related to the fixed y-intercept, the x- and y-axis plot ranges, and the series 
filtering information. Values defined in this dialog box will be applied to all nodes of the family 
tree (global level); however, the y-intercept can be modified at each node (local level) (see the 
section titled “Definition of Fixed Pass-Through Points” on page 31 for more details). 

 
Figure 5. Example of the Set Condition Indicator Preferences dialog box. 

To define any of the condition indicator-specific values in this dialog box, click a condition 
indicator in the list, and make changes to the individual values in the Preferences area on the right 
side of the dialog box. More details about the individual items that can be set for each condition 
indicator in this dialog box are described below: 

- Y-Intercept—These user-defined y-intercept values are used to fix the y-intercept value (i.e., 
the condition indicator value at age = 0) for regression equations associated with each 
condition indicator. 

- Plot X-Axis Range—These user-defined x-value ranges define the x-axis age ranges used for 
the condition indicator-specific charts throughout the tool. The x-axis range for charts should 
be based on reasonable expected ranges for surface age. Note that data points falling outside 
of these x-ranges will not be included in the regression analysis. 
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- Plot Y-Axis Range—These user-defined y-value ranges define the y-axis value ranges used 
for the condition indicator-specific charts throughout the tool. The y-axis range for charts 
should be based on reasonable expected ranges for each condition indicator. Note that data 
points falling outside of these y-ranges will not be included in the regression analysis. 

- Point (Series) Filtering—The series filtering controls allow the setup of data series-specific 
filters that are applied on individual segment-specific data series (i.e., the time-series 
condition data within individual segments). For these series-specific filters, the following 
controls apply: 

 Apply Series Filtering—This checkbox determines whether to apply series-specific 
filtering at all for the given condition indicator. 

 Per ΔX of—When analyzing time series data for a given section, the value in this 
checkbox determines the defined change in age (ΔX) for which changes in condition 
indicator y-values (i.e., Max increase and Max decrease) are analyzed. 

 Max increase—The Max increase controls are used to set a within-section data series 
maximum allowable positive change in y-value (ΔY) for the user-defined change in age 
(ΔX). For example, if the user defines ΔX = 1 and ΔY = 2, then a single year jump in 
condition of a value <=2 is acceptable, but a single year jump >2 is not. If a condition 
jump is encountered that violates these defined rules, the data series is truncated (starting 
at the condition point that violates the rules) and the remainder of the time series data is 
ignored. Note that this point filtering option is included to identify and exclude data 
points associated with unexplained large jumps (increases) in condition.  

 Max decrease—The Max decrease controls are used to set a within-section data series 
maximum allowable negative change in y-value (ΔY) for the user-defined change in age 
(ΔX). If a condition loss is encountered that violates these defined rules, the data series is 
truncated (starting at the condition point that violates the rules) and the remainder of the 
time series data is ignored. This point filtering option is included to identify and exclude 
data points associated with unexplained large decreases in condition. 

 Constrain Years of Data—This feature allows the user to identify the consecutive number of 
years of data to be used in the analysis (see figure 6). Note that the default is to use all years of 
data. While this feature determines how the data is filtered at the global level, individual years 
can be also be excluded for individual family tree nodes (see the section titled “Exclude Specific 
Years of Data” on page 27 for more details). 

 
Figure 6. Example of the Constrain Years of Data dialog box. 
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 Manage Model Sets—Selecting this menu item opens the Manage Model Sets dialog box 
displayed in figure 7.  

 
Figure 7. Example of the Manage Model Sets dialog. 

 The controls in this dialog allow the user to save, rename, delete, and manage model sets within 
the software; however, it is first important to understand the following general details about 
model sets: 

- In the software, a unique pavement family node and condition indicator combination is 
referred to as a node condition indicator (NCI). Each individual model (regression or user-
defined) in a model set is specific to an NCI. A model set refers to a complete set of user-
selected models for all unique NCI’s represented in the pavement family tree. 

- A model is only included in a saved model set if 1) the pavement tree node is included in the 
regression analysis (i.e., the Perform regression analysis for this node checkbox is checked 
for the node in the REGRESSION ANALYSIS tab), and 2) a model has been selected by the 
user for the given NCI using the controls provided in the MODEL SELECTION tab. 

- The current model set is the complete in-progress set of selected models for all nodes chosen 
for inclusion in the regression analysis. Therefore, as regressions are conducted on data sets 
and select representative models from those regression results, the current model set is being 
updated. 

- The reference model set is chosen by the user (from the list of saved model sets) to be a 
baseline model set. The software then contains features that compare the current model set to 
the reference model set, and gives the user feedback (at each NCI) on which of the two 
representative models is the better model. This is a particularly useful feature when 
comparing historical data-based models sets (e.g., comparing a 2012 model set to a 2013 
model set to see if better models are available in 2013). 

ΔR2 Trigger—Selecting this menu item opens the Set ΔR2 Trigger dialog box as displayed in 
figure 8. This user-defined value is used to help identify when a model in the current model set is 
significantly different than the reference model set model for the same NCI. When comparing 
models between the current and reference model sets, if the difference in R-square between the 
two models (i.e., ΔR2) is greater than the user-defined R-square change trigger value (ΔR2 
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Trigger), the user is alerted of the surpassing of this trigger value in the MODEL SELECTION 
tab. See the section titled “Selecting a Model for a Given Condition Indicator” on page 43 for 
more details about these ΔR2 alerts. 

 
Figure 8. Example of the Set ∆R2 Trigger dialog. 

For example, let’s assume that last year’s representative model for a given NCI had an R-square 
value of 0.92, but this year’s model showed an R-square value of 0.98 (i.e., an improvement in R-
square of 0.06). Therefore, if the user-defined ΔR2 value was 0.05 (as show in figure 8), the user 
would be alerted that this ΔR2 trigger had been surpassed since 0.06 > 0.05. Therefore, the 
definition of this ΔR2 trigger value allows the user to control what change in R-square (between 
the current model and an existing reference model) is considered significant. 

 Minimum Segment Length—Selecting this menu item opens the Set Minimum Segment Length 
dialog box displayed in figure 9. This feature allows the user to specify the minimum roadway 
segment length to be included in the analysis. Any roadway segments shorter than this length 
specified will be excluded from the analysis. If segments of any length are to be included, simply 
enter a Minimum Segment Length value of “0”. 

 
Figure 9. Example of the Set Minimum Segment Length dialog box. 

 Manage Chart Point Count Ranges—In the REGRESSION ANALYSIS and MODEL 
SELECTION tabs, data is plotted according to the specified x-axis value (i.e., surface age) and 
condition indicator on the y-axis. The Manage Chart Point Count Ranges feature allows the user 
to define the color coding of the plotted points based on the density of points at a given x/y 
coordinate. Because it is very common for there to be multiple points on a chart with the same x 
and y values, this feature provides useful feedback on the number of points at a given x/y 
coordinate. 

To setup the point density color coding, the user must specify ten point count ranges in the Define 
Chart Point Count Ranges dialog box shown in figure 10. Each row in the dialog box represents a 
separate point count range. For each row, use the Range LOW Pt Count and Range HIGH Pt 
Count columns to define the lower and upper point count limits of each range. Next, use the Red 
Value (0-255), Green Value (0-255), and Blue Value (0-255) columns to enter Red-Green-Blue 
(RGB) color values for red, green, and blue values, respectively. Note that RGB values are 
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integer values between 0 and 255. As you enter the RGB values, the resulting color associated 
with each point count range is displayed in the Series Color column. 

 
Figure 10. Example of the Define Chart Point Count Ranges dialog box. 

About 

Selecting the About PPM tool command under this menu item opens the About PPM tool dialog box that 
displays information about the current version of the software. 

Analysis Tab Control 

The analysis tab control along the left side of the main PPM tool window provides the user with a 
sequential start-to-finish approach for developing, evaluating, and selecting performance prediction 
models for user-defined pavement families. Specifically, the analysis tab control contains the following 
six tabs (presented in the recommended order of analysis): 

 HOME—Provides a brief introduction to each tab of the tool. 

 DATA DEFINITION—Contains tools/features for importing dTIMS data and setting it up for 
use in the PPM tool. 

 FAMILY TREE BUILDING—Provides a user-friendly interface for defining and reviewing 
pavement families according to elements contained within the dTIMS download file. 

 REGRESSION ANALYSIS—Provides features that allow the user to define pavement data 
outlier rules, determine final pavement family-specific data sets, and fit regression equations 
through those final data sets. 

 MODEL SELECTION—Allows the user to review available regression and user-defined 
models for each pavement family node, and choose the best available representative model for 
that pavement family. 

 FINAL MODEL SUMMARY—Lists all user-selected models for the included pavement family 
tree nodes, and provides a control for exporting performance and virtual age equations. 

More details on each of these six analysis tab control menu items are described in the following sections. 
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Home Tab 

The first tab in the analysis tab control is the HOME tab (see figure 11). The purpose of this tab is to 
provide a brief introduction to each tab of the PPM tool, and therefore, the overall analysis process. 

 
Figure 11. Example of the main PPM tool window with the Home tab displayed. 

Data Definition Tab 

The first step of the model definition process is to get pavement data from the dTIMS database into the 
PPM tool. The controls for importing, managing, and exporting the dTIMS data are included in the 
DATA DEFINITION tab (see figure 12). The three primary functions of the DATA DEFINITION tab are 
importing dTIMS data, managing/setting up imported data for analysis, and exporting the raw database 
data. Each of these primary functions is explained in more detail in the remainder of this section. 

Importing dTIMS Data 

Before data is imported into the PPM tool, any data contained in the dTIMS database that may be suspect 
should be identified prior to the export process. Suspect data may be based on known errors in the 
pavement condition survey, outdated condition data, inaccurate surface age, or other issues identified by 
SDDOT Pavement Management staff. 

A number of records contained in the dTIMS database were known to be suspect. Therefore, SDDOT 
Pavement Management developed an exclusion code within the dTIMS database to identify pavement 
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segments that should be excluded from the PPM tool analysis. Table 1 lists the pavement exclusion codes 
and database actions. 

 
Figure 12. Example of the DATA DEFINITION tab populated with data after import. 

Table 1. dTIMS exclusion code and database action. 

Exclusion 
Code 

Reason Database Action Taken1 

1 Section length less than 0.15 miles Exclude entire record 
2 Badlands and Wind Cave National Parks Highways  Exclude entire record 
3 Black Hills Highways Exclude entire record 
4 Any spur route less than 1.2 miles long Exclude entire record 
5 Any route designated as a “do-nothing” segment Exclude entire record 
6 Inaccurate surface age or grade age Exclude entire record 
7 Outdated visual data only for the rated year Exclude condition data for all years of TRCR, FTCR, PTCH, 

BLCR, DASR, JTSP, CRCR, JTSL, and POUT 
8 Outdated profile data only for the rated year Exclude condition data for all years of RUFF, RUT, and FLTG 
9 Outdated visual and profile data Exclude entire record 

10 All concrete visual data in 2005 where JRo rated Exclude 2005 condition data for TRCR, FTCR, PTCH, BLCR, 
DASR, JTSP, CRCR, JTSL, and POUT 

11 Faulting data from 2008 to 2013 Exclude 2008 to 2013 condition data for FLTG 
12 Rutting data in 2009 Exclude 2009 condition data for RUT 
13 Segment ends at an intersection Exclude entire record 
14 All visual data rated by BB in 2011 Exclude 2011 condition data for TRCR, FTCR, PTCH, BLCR, 

DASR, JTSP, CRCR, JTSL, and POUT 
15 Reserved for future use Do nothing 
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A software script was written to read the dTIMS exported file and replace the specified pavement 
condition rating scores identified in table 1 with a value of 9.99. The revised exported dTIMS data file is 
imported into the PPM tool. Since the user defines the range of applicable pavement condition scores (i.e., 
0 to 5) within the PPM tool, any pavement condition scores greater than 5.0 are excluded from the 
analysis. The software script can be updated to address any other unique data exclusions by BIT/IT or the 
software developer as SDDOT Pavement Management staff identify specific cases where data should be 
excluded. 

When exporting from dTIMS, export the data into one or more data files of an.xml data format. Once the 
dTIMS .xml data files are prepared, the date files can be import into the PPM tool using the procedure 
outlined below: 

1. Click the Import Pavement Data button on the DATA DEFINITION tab to open the Open 
dialog box. An example of the data import Open dialog box is shown in figure 13. 

 
Figure 13. Example of the data import Open dialog box. 

2. Use the controls in the Open dialog box to browse to and select one or more dTIMS .xml data 
files. Note that more than one .xml file can be selected at the same time. 

3. Click the Open button to start the import. Once the import process begins, a feedback window 
will be displayed indicating how many elements and fields are being imported (an example of this 
feedback window is shown in figure 14). An element is a unique pavement segment (e.g., element 
ID) in the dTIMS database, and a field is a unique data field in the dTIMS database. 

Note that if rows of data in the import files have missing element IDs, a dialog box similar to the 
one shown in figure 15 will be displayed. When this situation occurs, the rows with missing 
element IDs are simply ignored. 

When the import is complete, the DATA DEFINITION tab is populated with detailed 
information about the imported dTIMS fields (see figure 12). Specifically, each row in the 
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populated data definition table corresponds to a data field in the dTIMS data files. More details 
about the contents of the data definition table are presented in the following section. 

 
Figure 14. Example of the Importing Pavement Performance Data dialog box. 

 
Figure 15. Example alert dialog box that is displayed when 

rows with missing element IDs are  
encountered during import. 

Managing/Setting Up Imported Data 

Once the data definition table is populated with all of the data fields represented in the dTIMS data file(s), 
the data is managed and set up using the controls in the data definition table on the DATA DEFINITION 
tab. The descriptions of different columns in the data definition table follow: 

 Field Name—The Field Name column contains user-definable descriptive names for each of the 
imported dTIMS fields. Note that the actual raw dTIMS field names are presented in the Column 
Name column of the data definition table. The ability to enter descriptive field names gives the 
user more control over how each of these data fields is represented in other parts of the software. 
To set field names for each imported data field, click in a cell of interest and update the field 
name accordingly. 

 Field Type—The Field Type column contains information about the type or category of data 
stored in each data field. Prior to running any analysis with the software, each imported data field 
must be assigned one of the following classifying field types: 

- Ignore—This is a field that was imported, but has no computational value to the analysis. 
Therefore, setting the field to Ignore causes it to be completely ignored in the analysis portion 
of the software, and in any output. 

- Retain—This is a field that was imported and has no computational value to the analysis, but 
it is desirable to keep some mention of it in the output/reports. Note that this is the default 
Field Type. 

- Subdivider—Subdivider fields are those data fields that can be used to divide the data into 
smaller pavement families. For example, for the South Dakota DOT data, common subdivider 
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variables/fields include pavement type (PVTP) and curve flag (CRV_FLG). Note that only 
those fields that are designated as Subdivider fields in the data definition dialog will be 
available to the user when defining the pavement family tree in the PPM tool. 

- Condition Indicator—Condition Indicator fields are the fields in the dTIMS exported data 
file that contain distress data (e.g., transverse cracking, faulting, roughness, rut depth). Note 
that performance models will only be developed for those condition indicators identified in 
this data definition table. The condition indicators are the variables used on the y-axis (i.e., 
the dependent variables) of the performance data analyzed within the software. 

- X-Axis Value—This is the field in the database that defines the independent variable data (i.e., 
x-axis data) for the condition indicator data analyzed within this software  For South Dakota 
DOT, the X-Axis Value field is the field storing surface age data associated with each 
condition indicator versus age data point. Note that only one field can be assigned a type of 
X-Axis Value. 

- Unmapped—This field type is assigned to a field that no longer exists in the current data 
snapshot. For example, let’s say a particular field (e.g., climatic zone) was in the original 
imported dTIMS data file. However, in a new imported data set with updated data, that same 
field does not exist. Since that field was originally in the data set, it will still show up in the 
list of fields, but because it is no longer mapped to a current data field in the database, it will 
have a field type of Unmapped. 

- Segment Length—This field type is assigned to the one field in the database that stores 
segment length information. This information is needed to identify the pavement segments 
that meet the user-specified Minimum Segment Length. Note that only one field can be 
assigned a type of Segment Length. 

To assign a field type for a given imported data field, click on a cell in the Field Type column and 
select the appropriate field type from the provided drop down list box. Note the software will not 
let you proceed with your analysis until you: 

 Set at least one field as a Condition Indicator. 

 Set as least one field as a Subdivider. 

 Identify one field as the X-Axis (i.e., containing the x-variable data for the plots). 

 Identify the field that contains segment length information (needed to compare against 
the minimum segment length check). 

 Column Name—The Column Name column contains the raw field names (i.e., column names) 
used in the imported dTIMS data file. Note that the user is unable to modify this field. 

 Annual—The Annual column identifies whether a field is 1) represented as single column of data 
in the dTIMS data set, or 2) represented as multiple columns containing annual data. If the import 
process finds that annual data exists for a given field (e.g., condition indictor and curve flag data 
contain multiple columns of year-specific data), this field will be set to “Yes”. However, if the 
import process finds that only one column of data exists for a given field (e.g., percent trucks), 
this field will be set to “No”. Note that the user is unable to modify this field. 

 Data Type—The Data Type column defines whether a field contains numerical data (i.e., 
Numeric) or a discrete list of string values (i.e., Enumerated). Average daily traffic 
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(‘CUR_ADT’) is an example of a numeric data field where all values are numeric. Curve flag 
(‘CRV_FLG’) is an example of an enumerated data field that contains a distinct list of string 
values. 

 Unique Values—The Unique Values column provides a count of the unique values found within 
each dTIMS data field. 

Exporting Raw Database Data 

Because the user might want to occasionally look at the raw data being analyzed by the PPM tool, the 
Export button at the bottom of the DATA DEFINITION tab allows the user to export the entire data set 
to a series of .csv files that can be opened in Microsoft Excel. To export the current data set, complete the 
following steps: 

1. Click the Export button to open the Save As dialog box.  

2. Choose a save location in the Save As dialog box, and choose a file name. 

3. Click the Save button to save the .csv files. 

Note that to avoid generating one extremely large file that may be problematic to open in a software 
program like Microsoft Excel, the export function generates many smaller .csv files. The series of 
generated data files contain the following: 

 Digest file—The digest file is a .csv file that contains a digest of all of the inventory rows in the 
data table. Specifically, the digest file contains three columns that contain the following 
information:  

- Element ID. 

- The .csv export data file number in which the current element ID is contained. 

- The row in the referenced .csv export data file number in which the data for the current 
element ID can be found. 

Note that each row in the inventory data table represents a unique element ID in the database. 
Therefore, if you are looking for data for a particular element ID, you can use the digest file to 
locate the particular .csv output file and row that contains the data of interest. Also note that this 
digest file will be named with the file name that you specify in the Save As dialog box (e.g., 
myFilename.csv). 

 Individual data files—In addition to the digest file, the export process produces a series of 
sequentially numbered .csv data files that store exported data associated with each element ID. 
Each sequentially numbered data file (e.g., myFilename_0001.csv, myFilename_0002.csv, etc.) 
contains data for a maximum of 1,000 element IDs. Note that these sequential files are the export 
data files referenced in the second column of the digest file. 

For example, let’s say you find a point in a regression data export with suspicious cracking data (e.g., 4.9 
at year 48) (note: see the section titled “Export Point Summary Button” on page 37 for more information 
on exporting regression data). In that regression data export file, the user finds that the suspicious data is 
associated with Element ID “A0002”, and year index “13” (i.e., an age of 13). With this information, 
accessing the digest file in the data information export, and locating the export file name and row of the 
“A0002” data allows the user to investigate the data associated with that element ID. 
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Family Tree Building Tab 

The FAMILY TREE BUILDING tab contains controls that allow the user to define and review 
pavement families according to elements contained within the dTIMS database. When the user first 
imports data into a new data file, the family tree on the left will only show a single node called the All 
Elements node (see figure 16). This single All Elements node represents the root node of the database that 
contains all of the data elements (i.e., unique pavement segments) in the database. Because a meaningful 
pavement management approach requires that the database segments be divided into smaller data sets 
(pavement families) for modeling, the pavement segments in the All Elements need to be divided into 
more meaningful pavement families. This dividing of nodes into other nodes (or data subsets) is the 
process of developing a pavement family tree. Note that it is referred to as a tree because as nodes are 
subdivided, the lines that connect the nodes begin to look like branches of a tree, with the root node acting 
as the trunk of the tree. 

 
Figure 16. Example of the FAMILY TREE BUILDING tab showing the root  

All Elements node before it is divided. 

The FAMILY TREE BUILDING tab is divided into two main parts: the user-defined visual 
interpretation of the Pavement Family Tree on the left side of the window, and the detailed 
Information/Settings for Current Node on the right side of the window (see figure 17). The user interface 
of this tab is designed so that as the user clicks on a node in the tree on the left, details about that node are 
displayed in the information area on the right. In addition to displaying information, the right-side details 
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area also has controls that allow the user to create, edit, and delete nodes in the family tree, and define the 
specific condition indicators that are of interest at each node. More details about the different components 
of the right-side information area are presented below. 

 
Figure 17. Example of the FAMILY TREE BUILDING tab in the main PPM tool window  

after the All Elements node has been divided into subsets. 

Define Current Node Subsets 

The Define Current Node Subsets area provides general subset information about the current selected 
node in the family tree, and contains controls for defining (adding), editing, and removing subsets (i.e., 
child notes) associated with the current node. This section introduces the concept of a subset, and how to 
define and manage them. 

Introduction to Subsets 

When describing a pavement family tree, the relationships between nodes are often described by 
using family-oriented terms such as parent, child, and sibling. For example, a single node with two 
nodes underneath it in the tree (i.e., two nodes one level down in the tree) is often described as the 
parent node of those two nodes. Consequently, those two nodes are referred to as the children (or 
child nodes) of that single parent node. Finally, since those two children nodes are at the same level 
in the tree and have the same parent, they are often referred to as siblings (or sibling nodes). 
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Within the PPM tool, another name for a child node is a node subset. This naming convention results 
from the concept that whenever a parent node is divided to create child nodes, the parent node’s data 
set is divided into smaller data subsets. Therefore, when developing the pavement family tree, the 
user must define, edit, and remove subsets until the pavement family tree represents meaningful 
pavement families. 

Defining Subsets 

To define subsets for the a selected node, click either the Define Subsets or Edit Subsets button in the 
Define Current Node Subsets area (note that only one of these buttons will be available). The Edit 
Subsets button is displayed when the current node has existing subsets, and the Define Subsets button 
is displayed when it does not. However, clicking either of these buttons will open the Define Data 
Subsets dialog box where the user defines the details of the subsets associated with the current node. 
The following sections provide more information on the process of using the provided controls to 
create meaningful subsets. 

Choose a Dividing Variable 

When the Define Data Subsets dialog box is displayed, the Variable name drop-down list box is 
loaded with all available dividing variables (i.e., all data fields assigned a type of Subdivider in 
the DATA DEFINITION tab). Dividing variables are classified as either numeric or enumerated 
based on the type of data they contain in the database. As mentioned previously, numeric 
variables are those variables that contain all numeric data; enumerated variable contains a 
discrete list of values (typically strings). By setting up queries based on value ranges for 
numerical variables, or individual specific values (or groups of specific values) for enumerated 
variables, the data set associated with the current node can be divided into smaller subsets (or 
“buckets”) of data. For example, pavement type is a common dividing variable that can be used to 
separate all segments into five to ten smaller subsets where the pavement type is the same within 
each subset. 

When the Define Data Subsets dialog box loads, the first user action is to select a dividing 
variable from the Variable name drop- down list box. After selecting a variable from the list, the 
variable type (numeric or enumerated) will be displayed in the Value definition method label 
(below the drop-down list box). In addition, the remaining controls in the Define Data Subsets 
dialog box will change based on whether the selected variable is numeric or enumerated. To 
demonstrate these variable type-specific differences in these remaining controls, separate 
examples of this dialog box showing a numeric and enumerated variable are displayed in figures 
18 and 19, respectively. More specific details about these separate situations are described below. 

Defining Subsets for a Numerical Variable 

When defining subsets for a numerical variable, the user interface changes to accommodate the 
dividing of the data based on user-defined value ranges (see figure 18).  
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Figure 18. Example of the Define Data Subsets dialog box  
with a numeric variable displayed. 

 

Figure 19. Example of the Define Data Subsets dialog with 
an enumerated variable displayed. 
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The following provide more details about the visible labels and controls used when defining data 
subsets for numerical values: 

 Overall value range—The minimum and maximum observed variable values observed in 
the current node’s dataset. 

 Split button—Divides the currently selected subset into two new subsets of equal value 
ranges.  

 Delete button—Deletes the currently selected subset from the subset list. 

 Subset Name column—User-definable name for the subset. These names are the subset 
names displayed in the pavement family tree. 

 Min Value column—The user-defined minimum numerical value for the current range. 

 Max Value column—The user-defined maximum numerical value for the current range. 

 Segment Count column—Count of the number of unique pavement segments (i.e., unique 
element ID’s) that are included in a subset based on the current subset value range. 

 Segment Count Summary—Ideally, all of the unique pavement segments (i.e., unique 
element IDs) for a given node should end up in one of the user-defined subsets. However, 
that is not always the case. The information in the Segment Count Summary is provided 
as feedback to the user to alert them when some sections are not included in a subset and 
help them understand why. Explanations on the provided feedback are as follows: 

- Total associated with current node—Total number of unique segments associated 
with the current node. 

- Represented in current subset ranges—Total number of current node unique 
segments represented in one of the defined subsets in the list. 

- No. without current dividing variable data—Total number of current node unique 
segments without subdivider variable data (i.e., the subdivider field is blank in the 
database). 

- Outside of current subset ranges—When the overall value range is greater than the 
user defined value ranges in the subset list, some unique segments will not be 
represented in the defined subsets. This label displays the count of those current node 
segments not currently represented in the subset list. 

To define subsets for a numerical variable, use the Split and Delete buttons to create or delete 
subsets, respectively. Then enter specific minimum and maximum values in the table to define the 
data range limits of each subset. Finally, enter new subset names in the Subset Name column to 
define the subset (node) names that will be used in the Pavement Family Tree. 

Defining Subsets for an Enumerated Variable 

When defining subsets for an enumerated variable, the user interface changes to accommodate 
the dividing of the data based on individual values or user-defined groups of unique values (see 
figure 19). The following provides more details about the visible labels and controls used when 
defining data subsets for enumerated values: 
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 No. available values—The total number of unique values (associated with the current 
enumerated variable) observed in the current node’s dataset. 

 Combine button—Combines two or more currently selected subsets into one subset.  

 Split button—Splits a previously combined subset (i.e., a subset that contains more than 
one unique value in the value list) into multiple subsets with one unique value each. 

 Move Up button—Moves the currently selected subset up one spot in the subset list. Note 
that the subset order in the pavement family tree will use the subset order defined in this 
list. 

 Move Down button—Moves the currently selected subset down one spot in the subset list. 

 Subset Name column—User-definable name for the subset. These names are the subset 
names displayed in the pavement family tree. Note that the default name for each subset 
is the concatenated list of values displayed in the value list. 

 Value List column—A concatenated list of unique variable values included in a given 
subset. 

 Segment Count column—Count of number of unique pavement segments (i.e., unique 
element IDs) that are included in a subset based on the current subset value list. 

 Segment Count Summary—Ideally, all of the unique pavement segments (i.e., unique 
element IDs) for a given node should end up in one of the user-defined subsets. However, 
that is not always the case. The information in the Segment Count Summary is provided 
as feedback to the user to alert them when some sections are not included in a subset, and 
help them understand why. Explanations on the provided feedback are as follows: 

- Total associated with current node—total number of unique segments associated with 
the current node. 

- Represented in current subsets—total number of current node unique segments 
represented in one of the defined subsets in the list. 

- No. without current dividing variable data—total number of current node unique 
segments without subdivider variable data (i.e., the subdivider field is blank in the 
database). 

To define subsets for an enumerated variable, use the Combine and Split buttons to define the 
final list of subsets. Then enter new subset names in the Subset Name column to define the subset 
(node) names that will be used in the Pavement Family Tree. 

Managing Subsets 

When a node is selected that has existing subsets (i.e., child nodes), the following feedback 
information is presented in the Define Current Node Subsets area: 

 Dividing variable label—The name of the selecting dividing variable used to define the 
subsets. 

 Number of subsets label—The number of subsets defined for the current node.  

In addition to feedback information, the following controls are also provided to allow the user to 
create a meaningful pavement family tree: 
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 Edit Subsets button—Clicking this button opens the Define Data Subsets dialog box where 
the current subset definitions can be changed. 

 Remove All button—Clicking this button removes all subsets that exist under the currently 
selected node. Note this will also remove all branches of the tree that exist under the current 
node’s child nodes. 

Current Node Details 

The Current Node Details area of the FAMILY TREE DEFINITION tab provides general feedback and 
statistical information about the currently selected node (see figure 17). Specific feedback information 
includes the following: 

 Node Name—The user-defined name chosen for this subset. 

 Tree Level—The tree level is the hierarchical level of the node in the tree. Note that the All 
Elements node is at level 1 of the tree. 

 Sibling Summary—A summary of how many siblings are related to the current node. 

 Segment Count—Total number of unique pavement segments associated with the selected node. 

 Segment Statistics—In this feedback area, the total number of segments associated with the 
current node is analyzed in terms of 1) the percentage of the parent node segments, and 2) the 
percentage of total segments in the database. Both of these numbers give an indicator of how 
large this data set is in comparison to other data sets in the pavement family tree. 

Associated Condition Indicators 

Because all condition indicators may not apply to every node (e.g., as condition indicator such as Rut 
Depth would not apply to a pavement family of portland cement concrete [PCC] pavements), the user 
must be able to customize this condition indicator list at the node level. The following sections not only 
provide details on the condition indicator summary table, but also provide instructions on how to edit the 
node-specific condition indicator list. 

Condition Indicator Summary Table 

The main table in the Associated Condition Indicators area provides a summary of the user-
defined list of condition indicators associated with the current node (see figure 17). Each row of 
the table shows a condition indicator that the user has deemed important to the current node. The 
four columns of information presented with each condition indicator in the table are described 
below: 

 Condition Indictor—The condition indicator name. 

 Data Point Count—The total number of time series (i.e., condition indicator versus age) 
points associated with the current NCI. 

 Age Range, years—The user-defined age range (plot x-axis range) chosen for each condition 
indicator. Note that these are the Plot X-Axis Range ranges defined in the Set Condition 
Indicator Preferences dialog box (see the section titled “Configure” on page 7 for more 
information). 
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 Value Range—The user-defined value range (plot y-axis range) chosen for each condition 
indicator. Note that these are the Plot Y-Axis Range ranges defined in the Set Condition 
Indicator Preferences dialog box (see the section titled “Configure” on page 7 for more 
information). 

Editing the Node-Specific Condition Indicator List 

To edit the node-specific condition indicator list, click the Edit Condition Indicator List button. 
This action opens the Define Condition Indicators for Current Node dialog box shown in figure 
20. Use the checkboxes in the Included? column to define which condition indicators get 
included for the current node. 

 
Figure 20. Example of the Define Condition Indicators 

 for Current Node dialog box. 

Note that when a new subset is created, the condition indicator settings in this dialog box are 
inherited from (i.e., the same as) the node’s parent node. Therefore, it is advisable that the desired 
condition indicators for a node be selected prior to defining subsets on that node. This way, the 
user will not have to define the condition indicator for each of the node subsets. 

Regression Analysis Tab 

The REGRESSION ANALYSIS tab contains controls that allow the user to define regression equations 
through each condition indicator versus age data set (i.e., each NCI data set) defined in the pavement 
family tree. The REGRESSION ANALYSIS tab is divided into two main parts: the user-defined visual 
interpretation of the Pavement Family Tree on the left side of the window, and the detailed Regression 
Analysis Summary for Current Node area on the right side of the window (see figure 21). The user 
interface of this tab is designed so that as the user clicks on a node in the tree on the left, the detailed 
regression-related information associated with that node are displayed in the information area on the right. 
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Figure 21.. Example of the Regression Analysis tab. 

Once a node is selected, the analysis parameters (e.g., establishing outlier rules, defining fixed pass-
through points, etc.) must be carefully defined in order to get meaningful regression results. Also, 
conducting a regression analysis is often an iterative process that requires many rounds of result 
interpretation and analysis rerunning before meaningful results are obtained. To help the user with this 
complicated process, this section discusses all aspects of the PPM tool’s regression analysis capabilities 
including setting up the analysis, running the analysis, and interpreting all of the results and feedback 
provided by the tool. More details about some of the main regression analysis components are presented 
in the next sections. 

Setting the Regression Analysis Details 

To set the regression analysis details for a given NCI, start by selecting the condition indicator of interest 
in the Regression Analysis Results table, and click the Regression Analysis Details button in the upper 
right hand corner of the REGRESSION ANALYSIS tab. This action will open the Regression Analysis 
Details dialog box showing detailed information associated with the selected condition indicator (see 
figure 22). The different features and controls on this dialog box are introduced below. 
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Figure 22. Example of the Regression Analysis Details dialog box. 

Header Information 

At the top of the dialog box, the two header bars show the name of the current node (subset 
name), and the current condition indicator name, respectively. This information is provided as 
reference information to the user. 

Analysis Parameter Settings 

When conducting a regression analysis for a given NCI, the first step is to define the general 
regression analysis parameters. This step primarily consists of 1) determining what data points get 
used in the fitting of regression equations, and 2) determining any constraints (pass through 
points) for the equations. In the Analysis Parameter Settings area of the window, controls are 
provided to exclude specific years of data from the analysis, define outlier rules, and define fixed 
points that the regression equations must pass through. Each of the analysis parameter settings are 
described in more detail in the following sections. 

Exclude Specific Years of Data 

To exclude specific calendar years of data for the current node, click the Details button in this 
area of the user interface. This action opens the Exclude Specific Years from Current Data Set 
window shown in figure 23. The controls in this window allow the user to define which calendar 
years of data are included in the current pavement family’s data set. This is important when 
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problematic time-specific data are known to exist. For example, if it is known that there was a 
problem with transverse cracking data collected in the year 2000 for the current pavement family, 
the user could uncheck the year 2000 checkbox in the Exclude Specific Years from Current Data 
Set window (see figure 23) and that year of data will be ignored. After choosing to exclude one or 
more years of data, a summary of the excluded years (and data points) is displayed in the Analysis 
Parameter Settings area of the Regression Analysis Details dialog box.  

 
Figure 23. Example of the Exclude Specific Years from 

Current Data Set dialog box. 

Outlier Rules 

A second method of excluding data points from the current NCI regression data set is by defining 
outlier rules. In the PPM tool, outlier rules are user-defined rules that define acceptable x- and y-
boundary ranges for the data. That is, once defined, any data points falling within the defined 
acceptable x and y boundaries is used in the regression analysis. Any points falling outside of the 
defined x and y boundaries are marked as outliers, and excluded from the data set used for the 
regression analysis. Within the PPM tool, outlier rules can be defined using the following 
methods: 

 User-Defined X-Range Boundaries—To establish an acceptable x-range (i.e., age range) 
for the current data set, start by checking the User-Defined X-Range Boundaries 
checkbox to enable the Lower and Upper age text boxes. Next, enter lower and upper age 
values into these respective text boxes. Once defined, the chosen x-range boundaries will 
be reflected in the presented condition versus age plot (see figure 24). Note that all points 
outside of the defined acceptable x-range are marked as outliers and also grayed out on 
the chart. The total count of outliers due to this x-range outlier rule only is presented in 
the Outlier Rules area of the Analysis Parameter Settings area (left side of the Regression 
Analysis Details dialog box). 
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Figure 24. Example of the Regression Analysis Details dialog box with  

x-range boundary outlier rules defined. 

 User-Defined Y-Range Boundaries—Similar to the x-range boundaries, outlier rules may 
also be defined to establish acceptable y-ranges for the data. To define y-range boundary 
rules, start by checking the User-Defined Y-Range Boundaries checkbox to enable the 
controls. Next, choose one of these three methods from the Method drop down list box: 
Set confidence interval, Define Y-range by points, or Use medians only: 

- Set confidence interval—With the confidence interval method, the user enters a 
confidence interval value as an integer number between 0 and 100 (note that a 
confidence level of 95 percent is generally considered acceptable). The entered 
confidence interval value is then used in the following equation to determine the 
acceptable upper and lower y-range bounds at each age in the acceptable x-range: 

y-bounds = 
√

 

where: 

x = sample mean for the condition values at a given age. 

z = z-statistic determined from the cumulative normal distribution function 

for the case where the probability equals 1 – /2 (note: that this 
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probability is used because the two-tail case applies). For example, for a 

95% confidence interval,  = 0.05, 1 – /2 = 0.975, and z = 1.96.  

α = 1
	

 

σ = standard deviation of the condition values at a given age. 

n = number of condition values (observations) at a given age. 

The computed y-bounds determine the acceptable y-range at each age. Note that the 
width of the acceptable y-range to a large extent depends on the sample size. That is, 
the larger the sample size, the narrower the confidence interval. The larger the 
confidence interval, the less precise the parameter estimate. An example of defining 
the y-range boundaries using a confidence interval (at 95 percent) is shown in figure 
25. 

 
Figure 25. Example of the Regression Analysis Details dialog box with the y-range 

boundary Set confidence interval method defined. 

- Define y-range by points—With the Define Y-range by points method, the user 
defines acceptable y-ranges at different x-values (ages). Note that the x entries in the 
y-bounds table must cover the entire x-range displayed on the chart. For example, if 
the x-ranges from 0 to 50, y values must at least be specified at x = 0 and x = 50. 
Once the y-bounds table is populated, straight lines connecting the Upper Y-Value 
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points are used to establish the upper bounds of the y-range, and straight lines 
connecting the Lower Y-Value points are used to establish the lower bounds of the y-
range. For example, in figure 26, the upper bounds of the acceptable y-range is 
determined by straight line segments that join points (0, 5), (15, 5), and (50, 2). 

- Use medians only—With the Use medians only method, the median value of the 
condition indicator is determined at each surface age. Also, in this special case, only 
the median values are used in the regression analysis. All other actual points are 
ignored. An example of this method is demonstrated in figure 27. 

 Inherit outlier rules from parent node—When this checkbox is checked, all outlier rules 
from the parent node will be used in the evaluation of the current node. 

Definition of Fixed Pass-Through Points 

The final option in the analysis parameter settings allows the user to force the regression 
equations through up to two different pass through points. The following provides details of these 
available controls:. 

 Y-Intercept (fixed y at x=0)—Use this option to force the regression equations through a 
user-defined y-intercept point (i.e., where x-value = 0). Note that if a fixed y-intercept 
was already been defined for the current condition indicator in the Set Condition 
Indicator Preferences dialog box, that fixed y-value will show up as already defined in 
the user interface. If a fixed-y value has not been defined, the feedback will show as Not 
Defined. To define a fixed y-value for this NCI only, check the Override default 
checkbox and enter a fixed y-value in the provided text box. 

 X-Intercept (fixed x at y=0)—Use this option to force the regression equations through a 
user-defined x-intercept point (i.e., where y-value = 0). To set this pass-through point, 
start by checking the X-Intercept (fixed x at y=0) checkbox to enable the controls. Once 
controls are enabled, enter an x-intercept value in the provided text box. 

With this feature, the user also has the option of excluding data points to the right of the 
specified x-intercept value. To exclude those points, check the Exclude points to the right 
of x-intercept checkbox. When this checkbox is checked, the points to the right of the 
defined x-intercept are grayed on the condition indicator versus age plot, and completely 
excluded from regression analysis point set (i.e., they no longer will influence the 
determined regression equations). If points are excluded, a count of those excluded points 
is presented back to the user. 

Note that setting the x- and y-intercept values within the Regression Analysis Details dialog only 
impacts the regression data sets and equations associated with the current NCI. These NCI-
specific settings will NOT have any effect on other condition indicators for the specified 
pavement family, or any other pavement families. 
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Figure 26. Example of the Regression Analysis Details dialog box with the y-range boundary Define Y-Range 

by points method defined. 

Regression Analysis Results Summary 

The controls in the Regression Analysis Results Summary area of the Regression Analysis Details 
dialog box allow the user to see a summary of the data point counts, run or refresh the regression 
analysis for the current NCI, and view tabular and graphical regression analysis results. The main 
components of this results area are presented separately in the following sections. 

Point Count Summary 

A complete summary of data points associated with the current NCI is presented along the right 
side of the Regression Analysis Results Summary (an example of the details of the point count 
summary is shown in figure 28). Note that the point count summary is designed to be read from 
top to bottom where the initial point count is shown at the top, and the final total count of points 
used in the regression is shown at the bottom. All of the information in between shows the details 
of how many points were removed due to user-defined exclusions or outlier rules. 
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Figure 27. Example of the Regression Analysis Details dialog box with the y-range boundary Use medians 

only method defined. 

When viewing the point count summary, it is first important to understand some of the subtle 
differences between excluded and outlier points. Excluded points are those points initially 
removed from the regression analysis due to global-based data filtering rules (e.g., the definition 
of a minimum segment length). Outlier rules are rules that are defined while interacting with the 
data during the regression analysis. Also, excluded points are not displayed on the condition 
indicator versus age plots, while outlier points are displayed but are grayed out. Finally, it is 
important to note that outlier rules are only applied to the data set after excluded points are 
removed. The following provides specific details on all of the provided point count information: 

 Initial Points—Total number of condition indicator versus age data points associated 
with the current NCI. 

 Excluded Pt Summary—Summary of excluded points is provided in the Excluded Pt 
Summary area. The provided excluded point counts include: 

- Minimum Seg. Length—Number of condition indicator versus age data points 
excluded due to a segment length being less than the user-defined minimum segment 
length. Note that the minimum segment length is defined in controls accessed from 
the Configure  Minimum Segment Length menu. 
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Figure 28. Example of the point count summary area on the  
Regression Analysis Details dialog box. 

- Specific Years—Number of condition indicator versus age data points excluded due 
to the exclusion of specific calendar years. Note that the specific calendar years to 
eliminate are defined in the Exclude Specific Years of Data area of the Regression 
Analysis Details window. 

- Outside Plot Bounds—Number of condition indicator versus age data points falling 
outside of the defined x- and y-range bounds (i.e., outside of the bounds shown on 
the plots). Note that the x-and y-bounds are set using the controls accessed from the 
Configure  Condition Indicators menu. 

Note that three exclusion rules are applied sequentially to the data set. That is, points 
failing the minimum segment length check are first removed; then the specific year points 
are removed; and finally the points outside of the bounds are removed. Therefore, any 
point included in the excluded point total count is excluded due to only one, of the 
exclusion rules. The total number of excluded data points (i.e., the sum of the points 
excluded from the three exclusion rules) is presented in the Excluded Pt Summary area. 

 Outlier Summary—Summary of outlier points is provided in the Outlier Summary area. 
The provided outlier point counts include: 

- User X-Range Boundaries—Number of condition indicator versus age data points 
excluded due to user-defined x-range boundaries in the Outlier Rules area of the 
Regression Analysis Details dialog box. 
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- User Y-Range Boundaries—Number of condition indicator versus age data points 
excluded due to user-defined y-range boundaries in the Outlier Rules area of the 
Regression Analysis Details dialog box. 

- Right of X-Intercept—Number of condition indicator versus age data points excluded 
due to a user-defined x-intercept in the Definition of Fixed Pass-Through Points area 
of the Regression Analysis Details dialog box. 

- Series Filters—Number of condition indicator versus age data points excluded due to 
user-defined series filters defined in the Apply Series Filtering area of the Set 
Condition Indicator Preferences dialog box (accessed from the Configure  
Condition Indicators menu item). Note that these are points within time-series data 
for individual pavement segments that get excluded due to unexpected large increases 
or decreases in condition. 

Finally, the total number of points marked as outliers (and removed from the regression data set) 
is displayed at the bottom of the Outlier Summary area. Note, however, that this total is not a 
simple sum of the four individual outlier-related point counts. This is because, unlike the 
exclusion rules, the outlier rules are applied independently to the data set resulting after the 
exclusion rules are applied. For example, a single point that falls outside of both the x- and y-
bounds defined by the user would be included in those respective outlier point counts. However, 
that point would only count as a single outlier in the outlier point count total presented at the 
bottom of the Outlier Summary area. Therefore, it is not uncommon for the sum of the individual 
outlier rule point counts to exceed the total outlier count presented at the bottom of the Outlier 
Summary area. 

 Final Point Summary—This area includes a summary of the total point deemed valid for 
use in the regression analysis, and the number of point actually used in analysis. An 
explanation of both of these is presented below: 

- Total Valid for Analysis—Number of condition indicator versus age data points 
remaining from the initial data set after removing points due to exclusion and outlier 
rules. Therefore, the Total Valid for Analysis point count is computed as Initial 
Points – Total Excluded Points – Total Outlier Points. In the example shown in 
figure 28, this value is determined as 166,397 – 5,926 – 14,846 = 145,625 total valid 
for analysis points. 

- Total Used for Regression—Number of condition indicator versus age data points 
actually used in the regression analysis. For all but one special case, this value will 
always be the same as the Total Valid for Analysis count. However, when the user 
has selected the Use medians only method in the User-Defined Y-Range Boundaries 
area of the outlier rules, this summary total will only show the number of median 
values. An example of this scenario was shown previously in figure 27. In that 
example 83,836 values are used in the computation of the median values, but only 
those 31 median values were used in the actual determination of the regression 
equations. 
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Regression Model Summary Table 

The regression model summary table is displayed in the upper portion of the Regression Analysis 
Results Summary area of the Regression Analysis Details dialog box. This table shows the 
determined regression equations, and associated R-square values, for the five regression equation 
forms included in the PPM tool (i.e., linear, quadratic, cubic, power, and exponential). The 
specifics of these model forms are shown below where 	c , 	c , 	c , and		c  are constants 
determined by the regression analysis: 

Linear:   y	 	c 	 	 	c x  

Quadratic:   y	 	 c 	 	 c x 	c x  

Cubic:   y	 	 c 	 	 c x 	c x 	 	 c x  

Power:   y	 	 c 	 	 c x  

Exponential:   y	 	 c 	 	 c ∗ e  

 

Regression Model Plot 

The regression model summary plot is displayed in the lower portion of the Regression Analysis 
Results Summary area of the Regression Analysis Details dialog box. This plot is a condition 
indicator versus age graph that shows data points, regression equation lines, and other 
information. The following provides some specifics of information displayed on this chart: 

 Regression data points—Data points used in the regression analysis are displayed in 
color using the point count density color coding defined by the user in the Define Chart 
Point Count Ranges dialog box (accessed from the Configure  Manage Chart Point 
Count Ranges menu item). 

 Outlier points—Outlier data points are displayed on the plot but are grayed out. 

 Regression equation lines—Regression equations lines associated with the five different 
regression model forms are displayed on the chart as color-coded lines. 

 Outlier bounds—Any x/y areas outside of the defined acceptable x- and y-range outlier 
boundaries show with a gray background on the chart. 

 Confidence intervals—When the Set confidence interval method is used as a y-range 
outlier rule, the valid confidence interval area is displayed on the chart with a blue 
background. 

Use the checkboxes at the bottom of the chart to control what components of the chart get 
displayed. 

Refresh Regressions Button 

Once all analysis parameters for the regression analysis are set, click the Refresh Regressions 
button to run the regression analysis for this NCI only. If any data changes that impact the 
regression data set are made on this Regression Analysis Details dialog box, the background area 
of the Refresh Regressions button will be highlighted in yellow indicating that the regressions 
need to be refreshed. When the software indicates that the regression equations need to be 



Pavement Performance Modeling Tool User Manual November 2013 

 37 

refreshed, the user must refresh the regressions before the OK button can be used to save results 
and exit the Regression Analysis Details dialog box. However, the user may exit this dialog box 
at any time (without saving results) by clicking the Cancel button. 

Export Point Summary Button 

The Export Point Summary button at the lower right hand corner of the Regression Analysis 
Details dialog allows the user to export (in .csv format) the data point information associated with 
the current NCI. Clicking this button opens the Data Points Export Options dialog box shown in 
figure 29. 

 
Figure 29. Example of the Data Points Export Options dialog box. 

To define what points get exported, use the controls on the left side of the Data Points Export 
Options dialog box to select the particular points of interest. As you select which point types to 
export, the total number of points to be exported will be reflected in the Total Points/Rows label 
in the upper right-hand portion of the dialog box. 

Controls on the right side of the Data Points Export Options dialog box allow the user to define 
the specific starting and ending rows in the data set that get exported. As the note in the dialog 
box indicates, older versions of Microsoft Excel do not allow the opening of files with more than 
65,336 rows. Therefore, if you need to limit the number of rows in your exported .csv file, set 
those row limits accordingly in the dialog box. 

Once all export settings have been defined, click the OK button. This action will open a dialog 
box where you will choose a name and location for your exported .csv file. Also note that if you 
want that export file to automatically open upon export, check the Open exported file checkbox in 
the Data Points Export Options dialog box.  

An example of a data export from the tool (shown in Microsoft Excel) is presented in figure 30. 
Explanations of the data by column in the data export are as follows: 

 Column A—Sequential index for the data point. 

 Column B—x-value (age) for the data point. 

 Column C—y-value (condition indicator value) for the data point. 

 Column D—Pavement segment element ID associated with the data point. 
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Figure 30. Example of the exported regression data points. 

 Column E—Index of the calendar in the series of years of data originally imported into 
the data file. For example, if the original data import was for years 1995 to 2012, year 
index values of 0 through a year index of 0 to 17 are assigned to years 1995 to 2012, 
respectively. Therefore, in this scenario, a data point with a year index of 5 means that 
that data point is associated with the 2000 calendar year. Note that the complete range of 
imported calendar years in any data file can be viewed in the Constrain Years of Data 
dialog box (accessed from the Configure  Constrain Years of Data menu item). Also 
note that if median values only are used, a year index of -1 will be associated with those 
median values since they are not raw data points in the data set. 

 Column F—An “X” will show up in this column for median values, when median values 
only are used. This is because median values are computed values rather than real raw 
data points in the data set. Therefore, they are indicated here as artificial points in the 
export summary. 

 Column G—An “X” in this column indicates that this point was excluded from the final 
regression data set because of a series analysis failure (i.e., due to a user-defined series 
filter rule defined in the Set Condition Indicator Preferences dialog box, accessed from 
the Configure  Condition Indicators menu item).  

 Column H—An “X” in this column indicates that this point was excluded from the final 
regression data set because user defined x-range outlier boundary rules.  
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 Column I—An “X” in this column indicates that this point was excluded from the final 
regression data set because user defined y-range outlier boundary rules. 

 Column J—An “X” in this column indicates that this point was excluded from the final 
regression data set because it falls outside of determined confidence interval bounds. 

 Column K—An “X” in this column indicates that this point was excluded from the final 
regression data set because it falls to the right of a user-defined x-intercept value. 

 Column L—An “X” in this column indicates that this point was excluded from the final 
regression data set because it is a raw regression point (i.e., not a median point), and the 
user has chosen to use medians only. 

 Column M—An “X” in this column indicates that this point is a median point (i.e., not a 
raw regression data point) and the user has chosen to use medians only. 

 Column N—An “X” in this column indicates that this point is used in the final regression 
data set. Note that if the user has chosen to use medians only, then only median values 
will have X values in this column. 

Running the Regression Analysis 

At the top of the Regression Analysis Summary for Current Node area of the REGRESSION 
ANALYSIS tab, there are controls associated with running a regression analysis for the current pavement 
family node. These individual controls are described in detail below: 

 Perform regression analysis for this node checkbox—This checkbox is provided to give the user 
control over which pavement family nodes are included in the regression analysis. Check this 
checkbox to include the current node in the regression analysis. 

Note that in general you should only check this checkbox for those pavement families you deem 
as final (i.e., only for those pavement families where representative models will be developed and 
imported back into dTIMS). This is suggested because models associated with every included 
node will show up in the final list of models displayed in the FINAL MODEL SUMMARY tab. 

 Refresh Regressions button—Clicking the Refresh Regressions button opens the Refresh 
Regressions dialog box shown in figure 31. Use the controls in this dialog box to clear or update 
regressions for the current node only, the current node and all of its subset branches, or all nodes 
in the pavement family tree. Note that when data sets are large, running regressions on all nodes 
in the pavement family tree may be a slow process. 

 
Figure 31. Example of the Refresh Regressions dialog box. 
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Regression Analysis Results Table 

The table at the top right of the REGRESSION ANALYSIS tab provides a summary of the regression 
analysis results for the current pavement family node. Each row of the table corresponds to a different 
condition indicator associated with the current pavement family node. Within each row, the presented 
data includes the total number of regression data points used in the regression, a total count of identified 
outliers, the fixed y at an age of 0 (if defined), and the R-square values associated with the five different 
regression model forms (e.g., linear, quadratic, cubic, power, and exponential). Select a row in this table 
to see the associated condition indicator versus age plot in the lower part of the window. 

Condition Indicator Versus Age Plot 

The regression model summary plot is displayed in the lower portion of the Regression Analysis Summary 
for Current Node area of the REGRESSION ANALYSIS tab. This plot is a condition indicator versus 
age plot that shows data points, regression equation lines, and other information associated with the 
condition indicator selected in the regression analysis results table. Some specifics of information 
displayed on this chart are provided below: 

 Regression data points—Data points used in the regression analysis are displayed in color using 
the point count density color coding defined by the user in the Define Chart Point Count Ranges 
dialog box (accessed from the Configure  Manage Chart Point Count Ranges menu item). 

 Outlier points—Outlier data points are displayed on the plot but are grayed out. 

 Regression equation lines—Regression equations lines associated with the five different 
regression model forms are displayed on the chart as color-coded lines. 

 Outlier bounds—Any x/y areas outside of the defined acceptable x- and y-range outlier 
boundaries show with a gray background on the chart. 

 Confidence intervals—When the Set confidence interval method is used as a y-range outlier rule, 
the valid confidence interval area is displayed on the chart with a blue background. 

Use the checkboxes at the bottom of the chart to control what chart components get displayed. 

Regression Feedback in the Pavement Family Tree 

In the REGRESSION ANALYSIS tab, visual feedback is provided in the pavement family tree that 
gives an indication of the current node’s regression analysis status. The feedback comes in the form of 
background shading and colored dots (see figure 32). Brief explanations of the important feedback 
components are provided in the following sections. 

Background Shading 

The background shading of a pavement family node gives an indication of the current model 
selection status for the node. The following explain the meaning of the different background 
colors: 

 Gray—If a pavement family node has a gray background, the regression analysis associated 
with that pavement family node is complete. That is, the regression analysis has been 
completed for every condition indicator associated with the pavement family node. Also note 
that the analysis is complete, R-square range information is presented in the subtext of the 
node (e.g., R2 range: 0.9025 to 0.6585). The R-square range is presented as general feedback, 
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and presents the maximum and minimum observed R-square values in the current node’s 
regression analysis (for all included condition indicators). 

 
Figure 32. Example of the family tree color coding used in the REGRESSION ANALYSIS tab. 

 Red—If a pavement family node has a red background, the regression analysis associated 
with that pavement family node is incomplete. That is, regression results have not been 
obtained for one or more of the condition indicators associated with the node. When a node is 
shaded red, the subtext on the node indicates how many actual regression equations are 
missing (i.e., still need to be defined before the node’s regression analysis is complete). The 
total number of missing regressions is computed as the number of condition indicators 
without defined regression equations, times five (the number of regression model forms 
[linear, quadratic, cubic, power, and exponential] tried for each NCI). Therefore, for a case 
where regression equations need to be determined for six condition indicators, the subtext 
will display “Missing 30 regressions.” 

Therefore, the goal of the model selection process is to continue to define needed final model 
selections until all red shaded cells are gray. 

Colored Dots 

A red dot is visible on the right side of a pavement family node that indicates that one or more 
node underneath that node in the tree (i.e., a child, grandchild, etc.) is still in an incomplete state. 
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Once the regression analysis has been completed for all nodes underneath a given node, that red 
dot will be removed. 

Model Selection Tab 

The MODEL SELECTION tab contains controls that allow the user to make final model selections for 
each condition indicator versus age data set (i.e., each NCI data set) defined in the pavement family tree. 
The MODEL SELECTION tab is divided into two main parts: the user-defined visual interpretation of 
the Pavement Family Tree on the left side of the window, and the detailed Final Model Selection for 
Current Node area on the right side of the window (see figure 33). The user interface of this tab is 
designed so that as the user clicks on a node in the tree on the left, the detailed model selection 
information associated with that node are displayed in the information area on the right. 

 
Figure 33. Example of the Model Selection tab. 

Choosing the final representative model for a given NCI is a process that requires careful interpretation of 
the current regression results. If the current regression results are not providing meaningful results, the 
user then has the option to create and use a user-defined model instead. Because this final model selection 
process can be complicated, this section discusses all aspects of the PPM tool’s model selection 
capabilities including interpreting all of the results and feedback provided by the tool, comparing the 
current regression models to a reference model set, and making final model selections. More details of the 
main model selection components are presented below. 
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Current Selected Models Table 

The table at the top right of the MODEL SELECTION tab provides a summary of the final selected 
models for the current pavement family node. Each row of the table corresponds to a different condition 
indicator associated with the current pavement family node. Within each row, the presented data includes 
the selection status (i.e., No Selection or Complete), the condition indicator name, the model source (i.e., 
Reference Model Set, Current Regressions, or User Override), the model creation type (i.e., Regression or 
User Defined), the equation model form, and the R-square value associated with the current model. Select 
a row in this table to see the associated condition indicator versus age plot in the lower part of the 
window. 

Selecting a Model for a Given Condition Indicator 

To select final performance models for a given condition indicator, select the desired condition indicator 
in the Current Selected Models table, and click the Select Models button. This action opens the Select 
Model for Current Node dialog box shown in figure 34. The Select Model for Current Node dialog box is 
divided into two main parts: a Model Selection Options area on the left, and a condition indicator versus 
age plot on the right.  

 
Figure 34. Example of the Select Model for Current Node dialog box. 

The controls in the Model Selection Options area of the user interface are used to select the final 
performance model that will represent the NCI in the final model set. Before getting into the details of 
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what is presented in this area, it is first important to understand the three model option categories 
presented in this area: Reference Model Set, Current Regression Models, and User-Defined Model. The 
following briefly introduces each of these categories: 

 Reference Model Set—The first model option category contains the NCI-specific model from the 
currently defined reference model set. As described previously, the reference model set is a 
particular named model set (e.g., 2012 models) chosen by the user (from the list of saved model 
sets) to be a baseline model set. In general practice, the reference model set should be set to the 
last accepted final model set. Therefore, all new regression equations determined for each NCI 
can be compared to the reference model set at any time to determine if and when a given model 
need to be changed. If after reviewing all other available model options (i.e., current regression 
and user-defined model options) the user decides the existing reference model set provides the 
best model for the given NCI, the user would then select this model option from the list. 

It is also important to note that the reference model set is a model set to which all new regression 
models or user-defined models are compared. Therefore, the R-square values associated with the 
reference model set are the baseline values used to compute the ΔR2 values shown in the Model 
Selection Options table. That is, the ΔR2 value for any model option is computed as the difference 
between the R-square associated with the current model option and the R-square associated with 
the current reference model set model. 

 Current Regression Models—The second model option category contains the NCI-specific 
models determined from the current regression analysis.  

 User-Defined Model—The third model option category contains a user-defined model (if desired) 
that can be used as an override if regression equation results do not provide a meaningful model. 
When the user-defined model option is selected in the Model Selection Options area, buttons are 
provided in the Model Details area that allow the user to define a new user-defined model, or 
edit/clear an existing one.  

Clicking the Define User-Defined Eqn. button opens the Define a User-Defined Equation dialog 
box shown in figure 35. Note that clicking the Edit User-Defined Eqn. button when an equation 
exists opens the same dialog box. Use the controls in the Define a User-Defined Equation dialog 
box to select an available model form and define the coefficients of the user-defined model. Once 
defined, this user-defined model will show up as a model option in the Model Selection Options 
on the Select Model for Current Node dialog box. 

The different columns of the Model Selection Options table are described in detail below: 

 Model Form—The mathematical model form of the current model option (i.e., linear, quadratic, 
cubic, power, or exponential). 

 R2—The R-square value associated with the current model option. 

 ΔR2—The difference between the current model option R-square value and the reference model 
set model option R-square (i.e., ΔR2 = R2

current – R2
reference model set). This difference in R-square is 

offered as feedback so the user can more easily tell when a new model (regression or user-
defined) is significantly better than that the existing model stored in the reference model set.  
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Figure 35. Example of the Define a User-Defined Equation dialog box. 

When one or more non-selected model options in the model option list have a ΔR2 value greater 
than the user-defined ΔR2 Trigger value, a warning will be displayed at the bottom of the Select 
Model for Current Node dialog box (see figure 36). For reference, the current ΔR2Trigger value 
(defined in controls accessed from the Configure  ΔR2 Trigger menu item) is also displayed at 
the bottom of the Select Model for Current Node dialog box. The purpose of this warning is to 
alert the user that there is at least one other non-selected model option that should be considered 
as the representative model for the NCI. When the warning is displayed, selecting a model option 
where ΔR2 > ΔR2 Trigger will make the warning disappear. 

 Current Selection—This column contains toggle buttons that are used to select the final model for 
the NCI. Simply click an available button to toggle it on or off. Note that only one model option 
can be selected using these buttons.  

 Show?—This column contains checkboxes that determine the visibility of each model option on 
the summary condition indicator versus age plot. Click an available checkbox to toggle the 
visibility on and off for the associated model. 

Finally, the condition indicator versus age plot is displayed on the right side of the Select Model for 
Current Node dialog box. Similar to other plots in the PPM tool, this plot shows data points, regression 
equation lines, and other information. Note that this plot only shows the regression equations with a 
checked checkbox in the Show? column of the Model Selection Options area. Use the checkboxes at the 
bottom of the chart to control what components of the chart get displayed. 
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Figure 36. Example of the Select Model for Current Node dialog box with a ∆R2-related warning displayed. 

Condition Indicator Versus Age Plot 

The condition indicator versus age plot displayed in the lower portion of the Final Model Selection for 
Current Node area of the MODEL SELECTION tab shows the final NCI-specific plot prepared during 
the model selection process. Specifically, this plot is the same plot that results from user-defined choices 
in the Select Model for Current Node dialog box. In general, this plot is a condition indicator versus age 
plot that shows data points, regression equation lines, and other information associated with the condition 
indicator selected in the Current Selected Models table. Some specifics of information displayed on this 
chart are provided below: 

 Regression data points—Data points used in the regression analysis are displayed in color using 
the point count density color coding defined by the user in the Define Chart Point Count Ranges 
dialog box (accessed from the Configure  Manage Chart Point Count Ranges menu item). 

 Outlier points—Outlier data points are displayed on the plot but are grayed out. 

 Regression equation lines—Regression equations lines associated with the different regression 
model forms are displayed on the chart as color-coded lines. Note that only those regression 
equations selected to be shown in the Model Selection Options table of the Select Model for 
Current Node dialog box will be displayed on this plot. 
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 Outlier bounds—Any x/y areas outside of the defined acceptable x- and y-range outlier 
boundaries show with a gray background on the chart. 

 Confidence intervals—When the Set confidence interval method is used as a y-range outlier rule, 
the valid confidence interval area is displayed on the chart with a blue background. 

Use the checkboxes at the bottom of the chart to control what components of the chart get displayed. 

Interpreting the Model Selection Feedback in the Pavement Family Tree 

In the MODEL SELECTION tab, visual feedback is provided in the pavement family tree that gives an 
indication of the current node’s model selection status. The feedback comes in the form of background 
shading, text feedback, and colored dots (see figure 37). Brief explanations of the important feedback 
components are provided in the following sections: 

 
Figure 37. Example of the family tree color coding used in the MODEL SELECTION tab. 

Background Shading 

The background shading of a pavement family node gives an indication of the current model 
selection status for the node. The following explains the meaning of the different background 
colors: 

 Gray—A gray background indicates that the current node is excluded from the regression 
analysis. 
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 Red—A red background indicates that none of the necessary model selections have been 
made for the current node.  

 Yellow—A yellow background indicates that some of the necessary model selections have 
been made for the current node. 

 Green—A green background indicates that all of the necessary model selections have been 
made for the current node. 

Therefore, the goal of the model selection process is to continue to define needed final model 
selections until all red and yellow shaded nodes are green. 

Colored Dots 

A red, yellow, or green dot visible on the right side of a pavement family node indicates the 
collective model selection status of all nodes underneath that node in the tree (i.e., a child, 
grandchild, etc.). A red dot indicates that no subset nodes of the current node have models 
selected for all of their associated condition indicators. A yellow dot indicates that some subset 
nodes of the current node have models selected for all of their associated condition indicators. 
Finally, a green dot indicates that all subset nodes of the current node have models selected for all 
of their associated condition indicators. Therefore, the goal of the model selection process is to 
continue to define needed final model selections until all colored dots display as green. 

Subtext Feedback 

The subtext displayed on a node provides two types of model selection feedback. The following 
describes each separately: 

 Model selection status information for the node—The first type of information provided in 
the node subtext describes how many models have been selected out of the total required to 
be defined. For example, a subtext string stating “2 of 12 selected” means there are twelve 
condition indicators associated with the current node, and model selections have been made 
for two of the twelve. 

 ΔR2 Trigger information (if applicable)—The second type of information provided in the 
node subtext describes how many condition indicators associated with the current node have 
a non-selected model with a computed ΔR2 values greater than the defined ΔR2 Trigger value. 
If the ΔR2 Trigger value is correctly set to indicate a “significant” change in R2 that could 
warrant a model change, then this feedback will alert the user to condition indicators where a 
better model may be available. Note that the condition indicators associated with this alert 
text are identified in the Current Selected Models table by an orange background shading in 
the Selection Status column (see figure 37). 

Final Model Summary Tab 

The FINAL MODEL SUMMARY tab provides a summary of all selected models for each NCI included 
in the pavement family tree. The main part of this tab contains the Final Model Summary table that 
displays all of the detailed information about the user-defined models for each NCI in the pavement 
family tree. In addition to this model summary table, the bottom of the tab contains some general 
summary count information related to the final model summary list, as well as an Export Final Model Set 
button that allows the defined final model set to be exported in a format that can then be imported back 
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into dTIMS. An example of the FINAL MODEL SUMMARY tab is displayed in figure 38. The 
different components of this tab are described in more detail in the following sections. 

 
Figure 38. Example of the FINAL MODEL SUMMARY tab. 

Final Model Summary Table 

The Final Model Summary table contains one row for every performance model that the user has selected 
to be included in the final model set (i.e., one row per NCI included in the analysis). The following 
describe the contents of each column included in the table: 

 Selection Status—An indicator of whether or not a model has been defined for the current NCI. 
This status will be set to No Selection if a model has not been defined, or Complete if a model has 
been defined. 

 Family (Node) Name—The user-defined name of the pavement family node associated with the 
current NCI. Note that these names are defined when subsets are created. 

 Condition Indicator—Name of the condition indicator associated with the current NCI. Note that 
these are the condition indicator names defined in the DATA DEFINITION tab. 

 Model Source—The model option selection category of the final user-defined model for the 
current NCI. Note: that this will indicate whether the selected model is from the reference model 
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set (Ref. Model Set), one of the current regression equations (Current Regressions), or a user-
defined model (User Override). 

 Model Type—Identifies the model type of the current NCI model (i.e., Regression, User-Defined, 
or Not Defined). Note that a model type of Not Defined is displayed for models from the reference 
model set where it is unknown if the original model was a regression or user-defined model. 

 Model Form—Identifies the model form (linear, quadratic, cubic, power, or exponential) of the 
selected current NCI model. 

 Equation—The actual mathematical equation for the current NCI model. 

 R-square value—The R-square value associated with the current NCI model. 

Summary Count Information 

At the lower left corner of the FINAL MODEL SUMMARY screen, the following three counts are 
displayed: 

 Pavement family count—Total number of pavement family nodes (in the pavement family tree) 
included in the regression analysis. Note that these are nodes for which the user has checked the 
Perform regression analysis for this node checkbox in the Regression Analysis Summary for 
Current Node area of the REGRESSION ANALYSIS tab. 

 Total number of final models—The total number of unique NCI models associated with the 
included pavement family nodes. Note that this is the number of rows in the Final Model 
Summary table. 

 No. of final models without a selection—The total number of unique NCI’s (i.e., rows in the Final 
Model Summary table) without a user-selected final model. For the model set to be complete, all 
rows in the Final Model Summary table must have an associated model selection. 

Exporting the Final Model Set 

To export the final model set to an external .csv file, click the Export Final Model Set button. Clicking 
this button opens the Export Model Selections Options dialog box shown in figure 39. The Export Model 
Selections Options dialog box contains two tabs (Condition Indices and Families) where the user can 
define the naming convention of variables that get used in the exported data files. A brief explanation of 
the contents of each of these tabs is detailed n the following sections. 

Condition Indices Tab 

The Condition Indices tab (shown in figure 39) provides a table where the user can define 
condition indicator-specific strings that get used in the exported performance models and virtual 
age equations. Brief explanations of the each individual column in this table are defined as 
follows: 

 Condition Indicator—The name of the condition indicator. Note that this field is not user-
definable in the Export Model Selections Option dialog box. The condition indicator name is 
that defined in the FAMILY TREE BUILDING tab. 

 Performance X Variable—The condition indicator-specific strings used for the x-axis 
variable name in the export file’s performance equations. 
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Figure 39. Example of the Condition Indices tab on the Export  

Model Selections Options dialog box. 

 Performance Model Name Prefix—The condition indicator-specific strings used for the 
prefixes of the performance model names in the export file. 

 Virtual Age X Variable—The condition indicator-specific strings used for the x-axis variable 
name in the export file’s virtual age equations. 

 Virtual Age Model Name Prefix—The condition indicator-specific strings used for the 
prefixes of the virtual age model names in the export file. 

Note that the names used in figure 38 demonstrate the current South Dakota DOT naming 
convention for condition indicator-related strings. 

Families Tab 

The Families tab (shown in figure 40) provides a table where the user can define pavement 
family-specific strings that get used in the exported performance models and virtual age 
equations. Brief explanations of the each individual column in this table are defined below: 

 Family Tree Node—The specific name used to define the Pavement Family Node string in the 
export file. 

 Variable Name—The variable name string that is used in the Performance Model Name and 
Virtual Age Model Name strings in the export file. 

Note that the names used in figure 40 represent demonstrate the current South Dakota DOT 
naming convention for pavement family-related strings. 

Once all variables are appropriately named in the Export Model Selections Options dialog box, select the 
OK button. This action will open a Save As dialog box where you can select the name and location of 
your export .csv file. 
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Figure 40. Example of the Families tab on the Export Model Selections Options dialog box. 

An example of the output contained in an example exported .csv file is shown in figures 41 through 43. 
Note that the content of the export file is divided into three different figures due to the large width of 
many of the columns. 

 
Figure 41. Example of the .csv export file content showing performance model information.  
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Figure 42. Example of the .csv export file content showing performance model  

equations and virtual age model names.  

 
Figure 43. Example of the .csv export file content showing virtual age equations. 

Common Procedures 

This section presents step-by-step procedures for some of the more common use cases for the PPM tool. 
The PPM tool is currently used by SDDOT to manage pavements; however, the PPM tool can be 
modified to develop performance models for other assets, such as bridges, signs, and other roadway 
appurtenances. The step-by-step procedures described in this section include creating a new pavement 
performance model set, updating an existing pavement performance model set, and creating a new asset 
model set. Each procedure is described separately. 

Creating a New Pavement Performance Model Set 

The PPM tool has been designed such that the tabs shown on the left hand side of the PPM tool are 
addressed in the order shown. The following is the step-by-step procedure for creating a new pavement 
performance prediction model set. 
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Step 1. Add exclusion codes to dTIMS database. Any data contained in the dTIMS database that 
may be suspect should be identified with an exclusion code prior to the dTIMS data export 
process. 

Step 2. Export the dTIMS data. The necessary data is exported from the dTIMS database, and 
into one or more files in an .xml data format. Refer to the dTIMS user manual for the file 
exporting process. 

Step 3. Run software script to filter data. The software script is processed on the exported .xml 
file(s). 

Step 4. Open the PPM tool. After the PPM tool is installed, open the PPM tool from the shortcut 
installed in the Windows Start menu. For more information on starting the PPM tool, see 
the “Starting the PPM tool Software” section on page 3 of the user manual. 

Step 5. Create a new PPM tool data file. Create a new performance model .ppmd file by 
selecting File  New from the menus. 

Step 6. Import dTIMS data into the PPM tool. Once the software is open, import the needed 
dTIMS data into the PPM tool. Use the following steps to complete this task: 

a. Click on the DATA DEFINITION tab. 

b. Click the Import Pavement Data button to open the Open file dialog box. 

c. In the Open dialog box, locate and select the dTIMS xml file(s) containing the data to 
import. Note that more than one file at a time can be imported. 

d. Click the OK button. 

Step 7. Define the current data set details. Once the dTIMS data is imported into the PPM tool, it 
must be readied for use in the analysis. Use the following steps to setup the dTIMS data in 
the PPM tool: 

a. Click the DATA DEFINITION tab. 

b. Define more descriptive field names in the Field Name column of the Data Definition 
table. 

c. Set the Field Type value for each row in Data Definition table. 

For more detailed information on defining data in the Data Definition tab, see the “Data 
Definition Tab” section on page 12 of the user manual. 

Step 8. Configure the global analysis settings. After the dTIMS data has been readied for use in 
the tool, the next step is to define many of the global analysis parameters. These global 
analysis parameters are defined using the controls included in the Configure menu. Use the 
following steps to complete the definition of these analysis parameters: 

a. Select the Configure  Condition Indicators menu item to define condition indicator-
specific analysis parameters. 

b. Select the Configure  Constrain Years of Data menu item to define the years of 
condition data to use in the analysis (if desired). 
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c. Select the Configure  Manage Model Sets menu item to manage the available model 
sets. When setting up an analysis, you may want to choose and set an existing model 
set to be the reference model set used in the analysis. 

d. Select the Configure  R2 Trigger menu item to define a R2 Trigger value to be 
used for R2 comparisons in the analysis. 

e. Select the Configure  Minimum Segment Length menu item to set the minimum 
segment length for segments used in the analysis. 

f. Select the Configure  Manage Chart Point Count Ranges menu item to define point 
density colors for the condition versus age charts. 

For more detailed information on defining global analysis parameters from the Configure 
menu items, see the “Menu Bar Features” section on page 6 of the user manual. 

Step 9. Define the pavement family tree. After the global analysis parameters are defined, the 
next step is to define the pavement family tree. Note that this is the process of dividing the 
All Elements node into smaller, more meaningful pavement families (i.e., data subsets). The 
following steps outline this general process: 

a. Click the FAMILY TREE BUILDING tab. 

b. Click on a node you want to divide. 

c. Click the Edit Condition Indicator List button in the Associated Condition Indicators 
area to open the Define Condition Indicators for Current Node dialog box. With this 
dialog box open, choose the condition indicators you want to associate with the current 
node. Note that it is important to complete this step before you actually divide the 
current node because each child node will by default inherit the condition indicator list 
of its parent. 

d. Click the Define Subsets button in the Define Current Node Subsets area to open the 
Define Data Subsets dialog box. With this dialog box open: 

i. Select a subdivider variable from the Variable name drop down list box. Note 
that this action will change the contents of the Define Data Subsets dialog 
depending on if the selected variable is a numeric or enumerated variable. 

ii. Use the provided controls of the Define Data Subsets dialog box to define 
meaningful subsets. 

iii. Set more descriptive subset names in the provided Subset Name column. 

iv. Click the OK button to save the subset information for the current node. 

e. Repeat this process for each node in the family tree that you want to divide. 

Note that for more detailed information on how to define a pavement family tree, see the 
“Family Tree Building Tab” section on page 18 of the user manual. 

Step 10. Conduct the regression analysis. After the pavement family tree is defined, the next step 
is to conduct a regression analysis to fit new regression models through the current data set. 
Note that regression equations are determined for each unique combination of pavement 
family (i.e., node in the tree) and condition indicator associated with that node. That is, 
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regression equations are determined for each NCI. The steps required to complete the 
regression analysis are the following: 

a. Click the REGRESSION ANALYSIS tab. Note that since a regression analysis has 
not been conducted at any of the node locations, all nodes of the family tree will be 
shaded red. 

b. Click on a node for which you want to define regression analysis parameters.  

c. Identify whether or not the current node should be included in the regression analysis. 
If the currently selected node is representative of one of your final pavement families, 
check the Perform regression analysis for this node checkbox at the top of the 
REGRESSION ANALYSIS tab to include it in the regression analysis. If the current 
node is NOT representative of a final pavement family (e.g., the All Elements node), 
uncheck the checkbox.  

d. If the current node is included in the regression analysis (i.e., the Perform regression 
analysis for this node checkbox was checked in step C above), the regression analysis 
parameters must next be setup for each condition indicator associated with the current 
node. To accomplish this task, complete the following steps: 

i. Select one of the condition indicators associated with the current node (i.e., one 
of the condition indicators displayed in the Regression Analysis Results table in 
the REGRESSION ANALYSIS tab). Note that each row in this table represents 
a unique NCI. 

ii. Click the Regression Analysis Details button to open the Regression Analysis 
Details dialog box. 

iii. Define NCI-specific year exclusions—Specific calendar years of data can be 
excluded for the current NCI using the controls provided in the Exclude Specific 
Years of Data area of the Regression Analysis Details dialog box. 

iv. Define NCI-specific outlier rules—Specific outlier rules can be defined for the 
current NCI using the controls provided in the Outlier Rules area of the 
Regression Analysis Details dialog box. 

v. Define NCI-specific fixed pass-through points—Specific regression equation 
pass-through points (i.e., x/y points that the equation must pass through) can be 
defined for the current NCI using the controls provided in the Definition of Fixed 
Pass-Through Points area of the Regression Analysis Details dialog box. 

vi. Run the regression analysis for the current NCI by clicking the Refresh 
Regressions button. 

vii. Click the OK button on the Regression Analysis Details dialog box to save the 
regression results and close the dialog. 

viii. Repeat this process for each condition indicator associated with the current node 
(i.e., for each NCI). 

e. Repeat this process for each node in the family tree. 
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As the regression analysis at each node of the family tree is completed, the shading of the 
family tree will change from red to gray, and the range of performance model R-square 
results will be shown for each completed node. Therefore, the regression analysis process is 
not complete until all nodes are shaded gray. For more detailed information on using the 
controls of the REGRESSION ANALYSIS tab to complete a regression analysis, see the 
“Regression Analysis Tab” section on page 27 of the user manual. 

Step 11. Select final models for each included NCI. Once a regression analysis has been 
completed for each included NCI, the next step is to choose a final representative model for 
each included NCI. The process for competing this task is the following: 

a. Select a node in the pavement family tree. 

b. Select a condition indicator in the Current Selected Models for which you want to 
select a final model. 

c. Click the Select Models button to open the Select Model for Current Node dialog box. 

d. Select a final representative model for the current NCI by selecting the appropriate 
button in the Current Selection column of the Model Selection Options area. Note that 
if you want to define a user-defined model, click on User-Defined Model row in the 
Model Selection Options area and click the Define User-Defined Eqn. button.  

e. Repeat this model selection process for all final pavement family nodes (i.e., all nodes 
chosen for inclusion in the regression analysis). 

As model selections are made for each node, the shading of the family tree will change to 
provide feedback on the selection status of each node. Node shadings of red, yellow, or 
green indicate that model selection have been made for none, some, or all of the condition 
indicators associated with the current node, respectively. Therefore, the model selection 
process is not complete until all nodes are shaded green. For more detailed information on 
using the controls of the MODEL SELECTION tab to select final pavement performance 
models, see the “Model Selection Tab” section on page 44 of the user manual. 

Step 12. Export the final model set. Once all model selections have been made for each NCI, the 
final model set is summarized in the FINAL MODEL SUMMARY tab. Note that this tab 
also provides a summary of the status of the model selection process during the step 8 
model selection process. Click the Export Final Model Set button to export the current 
model set to an external file in .csv format. For more detailed information on the contents 
of the exported file, see the “Final Model Summary Tab” section on page 51 of the user 
manual. 

Updating an Existing Pavement Performance Model Set Based on New Data 

One common task is to import new data into the PPM tool and update the existing model set (as 
necessary) when better models are available. The following is the step-by-step procedure for updating a 
new pavement performance prediction model set based on new data. 

Step 1. Add exclusion codes to dTIMS database. Any data contained in the dTIMS database that 
may be suspect should be identified with an exclusion code prior to the dTIMS data export 
process. 
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Step 2. Export the dTIMS data. The necessary data is exported from the dTIMS database, and 
into one or more files in an .xml data format. Refer to the dTIMS user manual for the file 
exporting process. 

Step 3. Run software script to filter data. The software script is processed on the exported .xml 
file(s). 

Step 4. Open the PPM tool. Open the PPM tool from the shortcut installed in the Windows Start 
menu. For more information on starting the PPM tool, see the “Starting the PPM tool 
Software” section on page 3 of the user manual. 

Step 5. Open an existing PPM tool data file. Open an existing performance model .ppmd file by 
selecting File  Open from the menus. 

Step 6. Import dTIMS data into the PPM tool. Once the software is open, a new dTIMS data set 
is imported into the PPM tool. Note that it is recommended that all years of data of interest 
be imported rather than just new years of data. By importing all years of data, potential 
issues with element IDs that may change over time can be avoided. Use the following steps 
to complete this task: 

a. Click on the DATA DEFINITION tab. 

b. Click the Import Pavement Data button to open the Open file dialog box. 

c. In the Open dialog box, locate and select the dTIMS xml file(s) containing the data to 
import. Note that you can import more than file at a time. 

d. Click the OK button. 

Step 7. Review the current data set details. Once the dTIMS data is imported into the PPM tool, 
it is important to review the data elements on the DATA DEFINITION tab. If the database 
elements have not changed since the last analysis, this data information should not be 
different. However, it is suggested that this tab at least be reviewed to make sure all data 
fields are defined appropriately. For more detailed information on defining data in the Data 
Definition tab, see the “Data Definition Tab” section on page 12 of the user manual. 

Step 8. Review the global analysis settings. After the dTIMS data has been readied for use in the 
tool, the next step is to review the defined global analysis parameters. These global analysis 
parameters are defined using the controls included in the Configure menu. For more 
detailed information on defining global analysis parameters from the Configure menu 
items, see the “Menu Bar Features” section on page 6 of the user manual. 

Step 9. Review the pavement family tree. After the global analysis parameters are reviewed, the 
next step is to review the previously defined pavement family tree. Click the FAMILY 
TREE BUILDING tab to review details about the existing family tree. If changes need to 
be made to the family tree, see the “Family Tree Building Tab” section on page 18 of the 
user manual.  

Step 10. Set a reference model set. Before updating the regression analysis results, it is 
recommended that the Reference Model Set be set to the last South Dakota DOT model set. 
Use the following steps to complete this action: 

a. Click the Configure  Manage Model Sets menu item. This action opens the Manage 
Model Sets dialog box. 
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b. In the Manage Model Sets dialog box, select a named model set from the provided list 
and click the Set Reference button. 

Step 11. Conduct the regression analysis. The next step in the model update process is to refresh 
the regression analysis. Running a new regression analysis fits new regression equations 
(for all five included regression model types) through the new data sets associated with 
each unique combination of node and associated condition indicator (i.e., for each NCI). 
The steps required to complete the regression analysis update are the following: 

a. Click the REGRESSION ANALYSIS tab. 

b. Make needed analysis parameter changes (e.g., exclusion rules, outlier rules, etc.) to 
any existing pavement family nodes. 

c. Click the Refresh Regressions button and use the controls to update regressions for a) 
the current selected node only, b) the current node and all of its subset branches, or c) 
all nodes in the pavement family tree. 

Step 12. Update final model selections as necessary. After the regression analysis has been 
updated, the next step is to review the available model options for each NCI, and make 
final model selections. While it may not be necessary to revisit every family node in the 
tree, it is recommended that at a minimum, all nodes in the MODEL SELECTION tab 
with a ΔR2 alert in its subtext (e.g., “1 ΔR2”) be reviewed. The nodes with ΔR2-related 
alerts indicate that there are associated condition indicators that have available models 
options with an R2 increase (of at least the ΔR2 Trigger value) over the reference model set. 
While this ΔR2 alert does not necessarily guarantee a more acceptable model is available, it 
does indicate that another model option has an equation that better fits the data, and 
therefore, it is worth investigating. 

As final model selections are made for each node, the shading of the family tree will 
change to provide feedback on the selection status of each node. Node shadings of red, 
yellow, or green indicate that model selection have been made for none, some, or all of the 
condition indicators associated with the current node, respectively. Therefore, the model 
selection process is not complete until all nodes are shaded green. For more detailed 
information on using the controls of the MODEL SELECTION tab to select final 
pavement performance models, see the “Model Selection Tab” section on page 44 of the 
user manual. 

Step 13. Export the final model set. Once all model selections have been made for each NCI, the 
final model set is summarized in the FINAL MODEL SUMMARY tab. Note that this tab 
also provides a summary of the status of the model selection process during the step 8 
model selection process. Click the Export Final Model Set button to export the current 
model set to an external file in .csv format. For more detailed information on the contents 
of the exported file, see the “Final Model Summary Tab” section on page 51 of the user 
manual. 

Creating a New Asset Model Set 

The following is the step-by-step procedure for creating a new asset performance prediction model set. As 
noted previously, the PPM tool has been developed for the evaluation of pavement condition performance 
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models. Therefore, modification of the PPM tool software will be required prior to application to other 
asset types. 

Step 1. Export the asset data. The first step requires that the necessary data be exported from the 
asset database, and into one or more files in an .xml data format. 

Step 2. Open the PPM tool. After the PPM tool is installed, open the PPM tool from the shortcut 
installed in the Windows Start menu. For more information on starting the PPM tool, see 
the “Starting the PPM tool Software” section on page 3 of the user manual. 

Step 3. Create a new PPM tool data file. Create a new performance model .ppmd file by 
selecting File  New from the menus. 

Step 4. Import asset data into the PPM tool. Once the software is open, import the needed asset 
data into the PPM tool. Use the following steps to complete this task: 

a. Click on the DATA DEFINITION tab. 

b. Click the Import Asset Data button to open the Open file dialog box. 

c. In the Open dialog box, locate and select the .xml file(s) containing the data to import. 
Note that more than one file at a time can be imported. 

d. Click the OK button. 

Step 5. Define the current data set details. Once the asset data is imported into the PPM tool, it 
must be readied for use in the analysis. Use the following steps to setup the asset data in the 
PPM tool: 

a. Click the DATA DEFINITION tab. 

b. Define more descriptive field names in the Field Name column of the Data Definition 
table. 

c. Set the Field Type value for each row in Data Definition table. 

For more detailed information on defining data in the Data Definition tab, see the “Data 
Definition Tab” section on page 12 of the user manual. 

Step 6. Configure the global analysis settings. After the asset data has been readied for use in the 
tool, the next step is to define many of the global analysis parameters. These global 
analysis parameters are defined using the controls included in the Configure menu. Use the 
following steps to complete the definition of these analysis parameters: 

a. Select the Configure  Condition Indicators menu item to define condition indicator-
specific analysis parameters. 

b. Select the Configure  Constrain Years of Data menu item to define the years of 
condition data to use in the analysis (if desired). 

c. Select the Configure  Manage Model Sets menu item to manage the available model 
sets. When setting up an analysis, you may want to choose and set an existing model 
set to be the reference model set used in the analysis. 

d. Select the Configure  R2 Trigger menu item to define a R2 Trigger value to be 
used for R2 comparisons in the analysis. 
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e. Select the Configure  Manage Chart Point Count Ranges menu item to define point 
density colors for the condition versus age charts. 

For more detailed information on defining global analysis parameters from the Configure 
menu items, see the “Menu Bar Features” section on page 6 of the user manual. 

Step 7. Define the asset family tree. After the global analysis parameters are defined, the next step 
is to define the asset family tree. Note that this is the process of dividing the All Elements 
node into smaller, more meaningful asset families (i.e., data subsets). The following steps 
outline this general process: 

a. Click the FAMILY TREE BUILDING tab. 

b. Click on a node you want to divide. 

c. Click the Edit Condition Indicator List button in the Associated Condition Indicators 
area to open the Define Condition Indicators for Current Node dialog box. With this 
dialog box open, choose the condition indicators you want to associate with the current 
node. Note that it is important to complete this step before you actually divide the 
current node because each child node will by default inherit the condition indicator list 
of its parent. 

d. Click the Define Subsets button in the Define Current Node Subsets area to open the 
Define Data Subsets dialog box. With this dialog box open: 

i. Select a subdivider variable from the Variable name drop down list box. Note 
that this action will change the contents of the Define Data Subsets dialog 
depending on if the selected variable is a numeric or enumerated variable. 

ii. Use the provided controls of the Define Data Subsets dialog box to define 
meaningful subsets. 

iii. Set more descriptive subset names in the provided Subset Name column. 

iv. Click the OK button to save the subset information for the current node. 

e. Repeat this process for each node in the family tree that you want to divide. 

Note that for more detailed information on how to define a pavement family tree, see the 
“Family Tree Building Tab” section on page 18 of the user manual. 

Step 8. Conduct the regression analysis. After the asset family tree is defined, the next step is to 
conduct a regression analysis to fit new regression models through the current data set. 
Note that regression equations are determined for each unique combination of the asset 
family (i.e., node in the tree) and condition indicator associated with that node. That is, 
regression equations are determined for each NCI. The steps required to complete the 
regression analysis are the following: 

a. Click the REGRESSION ANALYSIS tab. Note that since a regression analysis has 
not been conducted at any of the node locations, all nodes of the family tree will be 
shaded red. 

b. Click on a node for which you want to define regression analysis parameters.  

c. Identify whether or not the current node should be included in the regression analysis. 
If the currently selected node is representative of one of your final asset families, check 
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the Perform regression analysis for this node checkbox at the top of the 
REGRESSION ANALYSIS tab to include it in the regression analysis. If the current 
node is NOT representative of a final asset family (e.g., the All Elements node), 
uncheck the checkbox.  

d. If the current node is included in the regression analysis (i.e., the Perform regression 
analysis for this node checkbox was checked in step C above), the regression analysis 
parameters must next be setup for each condition indicator associated with the current 
node. To accomplish this task, complete the following steps: 

i. Select one of the condition indicators associated with the current node (i.e., one 
of the condition indicators displayed in the Regression Analysis Results table in 
the REGRESSION ANALYSIS tab). Note that each row in this table represents 
a unique NCI. 

ii. Click the Regression Analysis Details button to open the Regression Analysis 
Details dialog box. 

iii. Define NCI-specific year exclusions—Specific calendar years of data can be 
excluded for the current NCI using the controls provided in the Exclude Specific 
Years of Data area of the Regression Analysis Details dialog box. 

iv. Define NCI-specific outlier rules—Specific outlier rules can be defined for the 
current NCI using the controls provided in the Outlier Rules area of the 
Regression Analysis Details dialog box. 

v. Define NCI-specific fixed pass-through points—Specific regression equation 
pass-through points (i.e., x/y points that the equation must pass through) can be 
defined for the current NCI using the controls provided in the Definition of Fixed 
Pass-Through Points area of the Regression Analysis Details dialog box. 

vi. Run the regression analysis for the current NCI by clicking the Refresh 
Regressions button. 

vii. Click the OK button on the Regression Analysis Details dialog box to save the 
regression results and close the dialog. 

viii. Repeat this process for each condition indicator associated with the current node 
(i.e., for each NCI). 

e. Repeat this process for each node in the family tree. 

As the regression analysis at each node of the family tree is completed, the shading of the 
family tree will change from red to gray, and the range of performance model R-square 
results will be shown for each completed node. Therefore, the regression analysis process is 
not complete until all nodes are shaded gray. For more detailed information on using the 
controls of the REGRESSION ANALYSIS tab to complete a regression analysis, see the 
“Regression Analysis Tab” section on page 27 of the user manual. 

Step 9. Select final models for each included NCI. Once a regression analysis has been 
completed for each included NCI, the next step is to choose a final representative model for 
each included NCI. The process for competing this task is the following: 

a. Select a node in the asset family tree. 
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b. Select a condition indicator in the Current Selected Models for which you want to 
select a final model. 

c. Click the Select Models button to open the Select Model for Current Node dialog box. 

d. Select a final representative model for the current NCI by selecting the appropriate 
button in the Current Selection column of the Model Selection Options area. Note that 
if you want to define a user-defined model, click on User-Defined Model row in the 
Model Selection Options area and click the Define User-Defined Eqn. button. 

e. Repeat this model selection process for all final asset family nodes (i.e., all nodes 
chosen for inclusion in the regression analysis). 

As model selections are made for each node, the shading of the family tree will change to 
provide feedback on the selection status of each node. Node shadings of red, yellow, or 
green indicate that model selection have been made for none, some, or all of the condition 
indicators associated with the current node, respectively. Therefore, the model selection 
process is not complete until all nodes are shaded green. For more detailed information on 
using the controls of the MODEL SELECTION tab to select final asset performance 
models, see the “Model Selection Tab” section on page 44 of the user manual. 

Step 10. Export the final model set. Once all model selections have been made for each NCI, the 
final model set is summarized in the FINAL MODEL SUMMARY tab. Note that this tab 
also provides a summary of the status of the model selection process during the step 8 
model selection process. Click the Export Final Model Set button to export the current 
model set to an external file in .csv format. For more detailed information on the contents 
of the exported file, see the “Final Model Summary Tab” section on page 51 of the user 
manual. 


