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Abstract

As collaborative environments become more prevalent in all industries, the cost estimating and
analysis industry is no exception to this movement. Increasing amounts of pressure are put
upon cost estimators and analysts to develop tools that are low cost, fast, robust in design,
have long standing methodologies, do not require proprietary software or licenses, and are and
easy to use by both the advanced cost estimator looking for maximum control and the novice
end user simply trying to diligently provide analysis support the early stages of a development
program.

The effort to improve the flexibility and usability of cost estimating tools and analysis is
particularly challenging because many novice end users do not understand the principles
needed to correctly develop and document a cost estimates and analysis, do not have the
advanced computer skills to execute such an effort, or both. While most non-analysts can
provide critical information associated with the development, procurement, and sustainment of
a program, many are not trained nor have the time to develop methodologies, conduct cost
research, properly document assumptions, keep organized records, and provide meaningful up
to the minute reporting. Additionally, when cost estimating tools are developed, they must take
into account the advanced user who may have extensive cost estimating experience, currently
use cost estimating and analytical tools, provide advanced reporting, and require direct access
to the methodology of a tool. The utilization of Visual Basic for Applications (VBA) in cost
estimating tools, particularly in Microsoft Excel, is a rich resource to address the situation. By
providing access to features like customized user interfaces, specialized tool outputs, selectable
methodologies, tiered user access, and dynamic help menus a user can produce surprisingly
comprehensive and accurate results with minimal training, time, and experience. In the last few
years these tools have become incredibly popular and continue to be requested by clients.

As a result of numerous inquiries by ICEAA members, this paper will explain many of the
challenges and advantages of utilizing VBA in the construction of Excel-based, parametric
modeling centric, cost estimating, and analysis tools. This paper also will provide an
introduction to best practices in the design of user interfaces; help files; inclusion of
supplemental tools; data archiving; coordination with existing cost estimating tools and those
under development; and provides examples of current tools developed with extensive VBA
resources.
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Executive Summary

Cost estimating and analysis tools are very useful to assist in the evaluation of “what-if”
scenarios and decision making. Many tools are created within Microsoft Excel workbooks and
attempt to present users with standardized interfaces to manipulate the tools without building
software applications that require more time, funding, and oversight resources. These in-sheet
interfaces are often afterthoughts for the overall tool and can be confusing, especially to novice
users of Microsoft Excel, making even the best tools difficult to use.

The Visual Basic for Applications (VBA)functionality built into Microsoft Office Applications
allows Cost Estimators and Analysts to provide “software like” interfaces to ordinary tools.
These interfaces assure that users of varying experience can successfully navigate tools allowing
them focus on completing necessary estimates and analysis.

Visual Basic enabled Cost Estimating and Analysis Tools provide many advantages:

e They provide a platform for rapid prototyping of enterprise cost estimating and analysis
tools

e They require a user to have only a very basic understanding of Windows Applications
navigation to use

e VBA Tool Interfaces are easily written by analysis tool developers with little extra
training required

e With little effort, interfaces can be written to create customized user experiences for
support of each individual tool

VBA tool interfaces can provide an exceptional user experience to any Microsoft Excel cost
estimating and analysis tool with an ability to mimic nearly all software application navigation
features. These tools enable a level of tool sophistication that would not otherwise be available
without pursuing the development of full software applications.
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Introduction

Under fiscal pressure to accurately provide cost estimates and analysis for program life cycles,
the tools built to accomplish these goals are becoming increasingly complex. Driving this
complexity are the demands for more detailed analysis of larger amounts of data with faster
results. The flexibility given to model developers using Microsoft Excel to customize
construction further complicates the issue and nearly assures that an end user be an expert in
Microsoft Excel to navigate a particular tool. However, most decision making end users of these
tools are not experts in Microsoft Excel and may not have a heavy cost estimating background.

Special attention should be paid to enabling the decision makers to navigate and leverage
models efficiently for the production of desired outputs. Considerable effort is expended to
research data and create models only to have them labeled as too complicated or too time
consuming to use and put on a shelf to collect dust. Often tool developers have great ideas on
better interfaces, but don’t know how to program them or are restricted by client needs to not
deviate from a pure Microsoft Excel tool environment. However, as goes a popular movie quote
“Anyone Can Cook” and it is my hope that this paper will provide specific insight and resources
to implementing these ideas using VBA and convince you that you can “cook” too.

This paper will show how better user interfaces can be created for new and existing cost
estimating and analysis tools so they may be used more effectively by decision makers. Some
experience is necessary to create these interfaces, but in most cases modelers already have the
unrealized skills to code these interfaces to better serve decision makers. Presented first will be
a handful of previously developed VBA tool solutions followed by a discussion of VBA tool
strategies and advantages. Next, an example implementation of a VBA interfacefor a tool
through step-by-step procedures will be provided with an accompanying functioning tool.
Finally, resources will be provided for future reference.

Example Visual Basic Cost Estimating and Analysis Tool Solutions

The following Microsoft Excel VBA Tools are meant to provide an overview of solutions and
possibilities currently deployed. The data assembled within tool fields is sample data and does
not represent actual inputs used for “real world” analysis. However, the interface screenshots
were assembled using fully functional and deployed tools.
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The United States Marine Corps Logistics Requirements Funding Summary
Cost Estimating Tool (USMC LRFS CET)
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e First built in 2009 to automate and standardize the LRFS process for the Marine Corps.

e Qutputs include full LRFS cost estimate, uncertainty adjusted results, completion
statistics, and many others

e Currently in Phase IV of enhancement/support/user training

e Asof Fall 2012, used world-wide by over 600 users
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b4 Winner of the Marine Corps Systems Command (MCSC) Commander’s Excellence in

Operations Research Systems Analysis Award — June 8™ 2011

g Winner of the Society of Cost Estimating and Analysis DC Metro Chapter Award for
Team Achievement January 25", 2012

T
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The Defense Threat Reduction Agency Travel Highly Optimized Reporting
Tool (DTRA THOR)
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e Developed on a 2 week timeline in 2012

e Built to automate and standardize the record capture, organization, and analysis of
travel for the Defense Threat Reduction Agency (DTRA)

e Utilizes SharePoint virtual sharing environment that allows multiple users to update
same database while protecting data
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e Used as a working prototype for development of an enterprise solution

e Over 20 users networked in DTRA Headquarters

e Outputs include standard travel analysis report, deputies travel analysis report, single
trip report, and many others

| —
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Defense Threat Reduction Agency (DTRA) Threat Forecasting Tool

e Developed on a 3 week timeline in 2012

e Built to automate and standardize the prioritization of resources based on the analysis
of nuclear, biological, and chemical threats worldwide for the Defense Threat Reduction

Agency (DTRA)

I
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e Provides extensive automatic generation of reports and dynamic charting for what-if

scenarios
e Used as a working prototype for development of an enterprise solution

e Over 10 users utilize as decision analysis tool on monthly basis

The Utilization of Visual Basic in Cost Estimating and Analysis Tools — Anyone Can Cook 12

Jeremy Eden
Booz Allen Hamilton



Presented at the 2013 ICEAA Professional Development & Training Workshop - www.iceaaonline.com

Joint Light Tactical Vehicle (JLTV) Operations and Support (0&S) Affordability
Cost Tool
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e Developed on a 1 week timeline in 2012

e Built to automate and standardize vendor cost estimating and analysis of Operations
and Support for JLTV
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e Utilizes SharePoint virtual sharing environment, file access management, and encryption
that allows multiple vendors to utilize the tool while protecting default methodologies

validated by the government

e Supports three contract vendors, each with multiple users
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Program Executive Office Ground Combat Systems Capability Portfolio
Analysis Tool (PEO GCS CPAT)

e CPAT is a multi-faceted model that includes several tools to optimize the Army’s future
fleet modernizations of its combat vehicle portfolio

e CPAT has been developed as a partnership between PEO GCS, AMSAA, Booz Allen
Hamilton, and Sandia National Labs

e Booz Allen’s primary contribution has the development of a decision model to perform
multi-attribute performance evaluations of modernization options (shown at right)

e Currently in 3" year of support to PEO GCS for CPAT
e Utilizes Excel to Access data management
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b 4 Winner of the Barchi Prize at the 2012 Military Operations Research Society (MORS)

S
Symposium for the CPAT effort
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Program Executive Office Ground Combat Systems Whole Systems Trade
Analysis (PEO GCS WSTA)
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e WSTA is a holistic system analysis methodology that computes and conveys critical
design choices and their consequences on key system measures, suited well for early
system development (e.g., MS A)

0 WSTA has been developed via a collaboration from PEO GCS, AMSAA, Booz Allen,
and Sandia National Labs

e Booz Allen’s primary contribution has been the development of methods for computing
and evaluating virtual vehicle configurations in dimensions of performance, growth
potential, average unit manufacturing cost, O&S cost, and risk

0 A configuration builder tool to build virtual systems that complements Sandia’s

optimization tool

e Currently working on applying WSTA to a third PM within PEO GCS and are about to
begin a WSTA effort for a fourth
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Program Executive Office Land Systems Amphibious Assault Vehicle (PEO LS
AAV) Tool
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e Developed on a short timeline in 2007
e Built to automate and standardize component upgrade costs of AAV configurations

e Supports three contract vendors, each with multiple users
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e Outputs includes cost estimate, uncertainty adjusted results, hardware risk changes,

integration risk changes, and many other
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VBA Cost Estimating and Analysis Stakeholder Advantages

The integration of VBA interfaces in cost estimating and analysis tools provides many
advantages to stakeholders including the developer of the tool, the sponsor of the tool, and to
the end user. The following provides a sampling of these advantages from the viewpoint of
each stakeholder.

Tool Developers

Constraints placed on cost estimating and analysis tool developers have increased as the speed,
volume, and accuracy of information has grown. Developers are now expected to provide tools
that can be updated at a moment’s notice with new information such as end product
performance changes, alterations in ground rules and assumptions, and budget drill
constraints. Tools are then expected to have the flexibility required to accommodate new data
fields and tasks and produce outputs for even the most unlikely scenario. Often, the tool is then
to be organized in such a way that an end user can execute the tool with little or no training
and defend the results as they do it. The application ofVBA interfaces empowers the tool
developer with many advantages including the following:

e The ability to create a standardized inputs and outputs interface with guidance for end
users to navigate

e A tool that can be easily and quickly updated without perceivable changes in procedure
by the end user

e Rapid prototyping of larger enterprise solutions to clearly establish tool goals with end
users without significant commitment

e Inherent compiler provided in Microsoft Excel and the entire Microsoft Office
application suite for development

e Sustained administrative control of a tool including the advantage of creating an
interface that may interact with a tool, but restrict the “back end” calculations from
access including unauthorized alteration

Tool Sponsors

In many cases tool sponsors, especially those in the United States Government, are being
forced to give up sustained assistance from cost estimators and analysts and force staff to
conduct “fire drills” utilizing tools produced during the initial cost estimating and analysis
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investment. However, this can be a very difficult task with ever changing personnel rotating on
and off tasks with limited background knowledge, varyingexpertise in tools, models, as well as
cost estimating and analysis itself. The application of VBA interfaces empowers the tool sponsor
with many advantages including the following:

e The ability to have varyiouspersonnel confidently utilize a tool with minimal training

e Tools that can run on any platform providing the Microsoft Office Application Suite
without concern for security violations, information assurance awareness issues,
network and workstation restrictions, or compatibility with future platform upgrades

e The advantage of having a customized “software like” experience without the financial
and schedule investments and risks

Tool End Users

Tool end users represent the stakeholders in most need of advanced VBA tools. As previously
mentioned, they must endure the “fire drills” placed upon them by leadership that a few years
ago were able to utilizecost estimating and analysis assistance through investment in expertise.
However,users can no longer expect to have expert assistance in analysis because of financial
and time constraints. As multitasking and analysis is pushed to limits, the advantages of VBA
interfaces for tools becomes a “must have” for the end user with many advantages such as:

e The ability to use a cost estimating and analysis tool expertly with little or no training

e Adequate maintenance of the tool for latest rates, factors, and data without the need to
“take it apart” (if designed to meet this requirement)

e Qutputs designed to be “brief ready” and not require extensive presentation and
debrief adjustment

e Quick and strong documentation organization and access for defense of analysis and
incorporation in decision making

Example Interface

The example applications and advantages previously mentioned provide great opportunity to
speculate on solutions for a particular ongoing project. However, many attend presentations
and read papers and are unable to bridge the gap between speculation and application when it
comes to writing the interface. In this section, an example interface will be constructed for a
simple tool. The actual fully functioning Microsoft Excel file and VBA codeare NOT proprietary,
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may be used without prior consent, and are available to download from the internet from
March 29", 2013 through June 30", 2013 using the following address:
https://www.dropbox.com/s/z4haudObenhwssg/Breakfast%20Estimator.zip

Although the steps below are somewhat detailed, it is recommended that the code in the
accompanying Microsoft Excel file be viewed for exact syntax on how to create certain
functions. Extensive commenting of the code in the interface has been included for further
explanation and clarity.

Example Interface Scenario

This example creates a tool that will create a grocery list and material cost estimate for a very
simple breakfast. Based on the type of breakfast chosen, an end user would be presented with
various groceries, their default costs that may be overridden, and otherselections for refining
the estimate. Finally, the user will be permitted to save the estimateand accompanying piechart
in Adobe PDFformat for printing/emailing/etc. Note that all costs included are representative
and not based on actual data and all other detailed Ground Rules and Assumptions (GR&As) are
deemed unnecessary at this time.

Step 1:

We first start by building ourtool in Microsoft Excel just as we would any other cost estimate.
This is necessary since the interface can’t exist without the calculation engine to support it.
Figure 1provides the types of breakfast that may be chosen, the groceries required, and the
cost per unit per person. Notice we have left space to allow the user to input a cost for each
grocery instead of the default. All calculations are done with basic Microsoft Excel calculations
formulas. The formulas can be viewed in the downloadable Microsoft Excel fileas discussed in
the Example Interface introduction.
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Breakfast Type Groceries Cost for One Person
Default Cost Override Cost Estimate Cost
Pancake Breakfast

Pancake mix $0.75 0.75)|

Bacon S 11

Eggs $0.23 0.23

Milk $0.75 0.75

Orange Julcs $0.82 0.82

Syrup $1.10 11

$4.86 $0.00 :
NumberofPeople] 1| $ 4.85

Breakfast Type Groceries Cost for One Person
Default Cost Override Cost Estimate Cost
Egg Sandwich Breakfast

Eggs $0.23 0.23

Ham $0.50 0.5

Bread $0.33 0.33

Cheese $0.19 0.19

Coffee $0.25 0.25

$1.50 $0.00
NumberofPeople] 1] $ 1.50

Breakfast Type Groceries Cost for One Person
Default Cost Override Cost Estimate Cost
Oatmeal Breakfast
Ostmeal $0.15 0.15]
Apple Julce $1.10 11
$1.25 $0.00
NumberofPecple| 1] S 1.25

Jeremy Eden
Booz Allen Hamilton

Figure 1. Breakfast and Grocery Data
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Step 2:

Now that the calculation is completed for our types of breakfast, we need to provide an output
format. To keep it simple, outputs will include the results for each type of breakfast ona
separate sheet in pie chart format. Also on thesheet are the time/date outputs were generated
along with a header. Since the data series in these charts are linked to the calculations above,
they will update as the calculations do just like any ordinary Excel workbook. Figure 2 below
shows an example output for one breakfast type. Laterwe will have our tool save this output in
Adobe PDF format for use outside of our tool.

Pancake Breakfast Estimate Summary

Estimate Generated on 5/18/2018 10:54
Number of people: 1
Total Costof Grocerles: § 4.85

Pancake Breakfast Grocery Cost

B Pancake mix
H Bacon

" Eggs

B Mil k

B Crange luice

[ Syrup

Figure 2. Example output formatting of results for breakfast estimate

Step 3:

At this point, we have completed our tool. Since we have not put instructions, comments, and
other information into our workbook, a third party might not know how to manipulate our tool
to run their estimate, at least not quickly. However, once we build our interface, it will become
clear to the user exactly how to utilize the tool. To begin using the VBA Editor, simply open
Microsoft Excel and use the key combination A/t-F11 to continue (alternatively you can right
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click on a spreadsheet and select “view code”). Figure 3 below shows a screenshot of the VBA
Editor.
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Figure 3. Microsoft Excel VBA Editor

The VBA Editor contains three major sections. The first section in the upper left corner lists all
project forms and sheets within the workbook. This is where we will add the forms used in the
interface. The second section in the lower left corner lists all the properties for a particular form
or object on a form such as a button or label. This section is one of the most useful because the
properties fields control many aspects of the forms and objects including name, tool tips,
appearance, background and foreground color, scroll behavior, and size. The section on the
right contains any forms and objects on forms currently selected in the project. It is in this
window that creation of the forms and objects like buttons, lists, labels, etc. takes place with
the drawing of these items using the toolbox provided on the far right.

Step 4:

As shown in Figure 4 below, our Breakfast Estimator Tool has four major interface forms. The
first form is the Introduction form. Creating an introduction form is a good practice so the user
will be greeted each time they run the tool and have a standard “start point” to work from. This
form will load automatically when the workbook is opened and allows the user to exit the tool
or select a type of breakfast to estimate and continue. Once a selection has been made, the
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user will be brought to one of the remaining three forms for each breakfast. Consistency is
important here so the user feels they are on the same form that works the same way for each
breakfast even though they are actually working with different fields as they navigateanumber
of different forms seamlessly. Once on the Pancake Breakfast, Oatmeal Breakfast, or Egg
Sandwich Breakfast form, the user can indicate how many people they are estimating breakfast
for and make any cost overrides they would like.

Breakfast Estimator 1.0 @

Breakfast Estimator

S
.

Version 1.0

Please select z type of breacfast to continue

=
Continue
T w z ;
Break’ast Estimator- Pancake Breakfast oo e ] | Frenknct Fefimator- Fgg Sandwich Rreakfact =5
Pancake Breakfast Groceries Egg Sandwich Breakfast Groceries

Oatmeal Breakfast Groceries

A
iy i oy .
- s Al 5 )
e"ﬁ%a a,‘? 43, . ik
A
a3 ey !
A . o
o
o 5, .
Srep1: R ~E
: 3 Step 1:
Enter the number of secple eating breakfast | |
Enter the number of people eating breakfast | 1
step & Step 1: T
Review he de‘aut costs for the groceries. If you wish to override a cos?, 1] =
cnter it in the box to the right of the default ccat. Enter the number of pecple eating breakfast. | 1 iy e e Pl oo Fae e Gt . youtmachs tairecs il ol conts
Step 2: enter it in the box to the right of the default cost.

Review the default costs for the aroceries. If you wish to override a cost,
Default Cost  Override Cost enter itin the box to the right of the default cost.

Pancake Mix ... ¥ Bl | Default Cost  Override Cost
Bacon 8 1n o S e e G #
E o 0.3 sl Default Cost  Owverride Cost Ham $| 0.5 s
905 5
e o o7 o atmeal v seesnes R 8 Bread s[ o3 s
Orange Juice ... sjoez Apple JUKKE uuveerns I 5] s
SYIUD o = 5-‘ 11 d #
Calculate and f F 3
Calaulate and Back Calculate and |
Back EXport to pdf Bomart nyndf Bk Export to pdf |

Figure 4. Breakfast Estimator Interface

Step 5:

The final step in the tool workflow is to exportthe outputs for the estimate to the user. In Step 2
above we created a final report with a pie chart and totals in the workbook. As the interface
forms capture information in the spreadsheets, the data series of the chart and other linked

The Utilization of Visual Basic in Cost Estimating and Analysis Tools — Anyone Can Cook 26
Jeremy Eden
Booz Allen Hamilton



Presented at the 2013 ICEAA Professional Development & Training Workshop - www.iceaaonline.com

information is updated automatically. Therefore, all that needs to be done is for the interface to
save the completed report in AdobePDFformat in a desired location. When the user selects the
button to exporttheir results, the VBA code will show a dialog box to save the output reportin a
user selected locationin the Adobe PDF format and exit the tool.

Pancake Breakfast Estimate Summary

Estimate Generated on 3/19/2013 10-24
Number of people: 1
Total Cost of Groceries: 5 4.56

Pancake Breakfast Grocery Cost

$110 s W Percake mix
WEacon
HEZ:

Ml
mOrange Jice
Snp

Figure 5. Breakfast Estimator Output Report (Adobe PDF)

Additional Considerations

The tool constructed above is an excellent example of a standard VBA Excel tool. However, best
practice demands that other considerations be taken into account when developing these
tools. Below are capabilities that should be included in VBA tools prior to deployment for end
users. The implementation of these capabilities is well documented and easily found using the
references listed in Appendix I: Visual Basic for Applications Tool Resources.
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Documentation

Although VBA tools are not formally software applications, they should contain some documentation.
Requirements, user sanuals, tool tips, systems manuals, and study reports are all excellent sources of
information that can be packaged to accompany a VBA tool and even linked from within the tool using
HTML 5.0 help file, Microsoft Word, or Adobe PDF formats. These documents do not need to be
exceptionally long or detailed to be effective at assisting tool developers and users in the future.

Security

In the past, the security protection offered by Microsoft Excel was considered weak and easily
circumvented. However, Microsoft Excel 2010 and newer provides excellent protection through the use
of 256 bit encryption, 255 character passwords for workbooks, and 35 character passwords for VBA
code. Utilizing this protection will not only assure that a tool is not “damaged” (deliberately or not) by
an unauthorized tool developer, but it will also assure that those tools that rely heavily on the
calculations of a tool not be revealed are appropriately protected.

Error Checking

Error checking should be included in all fields and operations within a tool. This can be quite tedious as it
requires a tool developer to account for every possibility of that function. However, if error checking is
not accommodated, an end user can find themselves “trapped” at a particular portion of a tool without
any way to proceed. Once encounter with such a trap can be very frustrating to users and convince
users a tool is not worth their time to utilize.

Packaging

Packaging of tools in standard Microsoft Windows Installer Packages (MSl files) should be considered for
any tool. These packages allow the deployment of tools in an organized fashion that supports
configuration management, version upgrades, automated removal of old tools, icon/shortcut
integration, and placement of multiple tool files. Such packaging also gives a tool a professional look and
supports the user interface experience for the end user from the moment a tool is obtained.

Conclusions

As discussedin the Example Visual Basic Cost Estimating and Analysis Tool Solutionssection, the
example scenario provided in this paper uses only a few of the most basic capabilities and does
not begin to take advantage of all that VBA has to offer. However, like so many technical skills a
“crawl, walk, run” attitude in addition to practice and attempting new capabilities will yield a
successful skill set.

Many analysts and tool developers are frustrated by the mystery of VBA programming and
overwhelmed by the task of adding a VBA interface to cost estimating and analysis tools in
Excel. If one can focus on the challenge of not building an entire VBA tool, but simply linking a
VBA interface to an already performing Excel tool then success can come more quickly than
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many expect. The most often reported obstacle is not the analytical thought process needed to
plan out such tools, but overcoming the barrier of programming syntax. To address these
concerns, | highly recommend the resources listed in Appendix |: Visual Basic for Applications
Tool Resourcesbelow. Most resources are in an internetmessage forum format populated with
experts willing to help. Rarely has a particular question not already been asked and
documented with the answer waiting. My hope is that the techniques mentioned in this paper
and shown in the accompanying example tool will convince cost estimators and analysts that
Anyone Can Cook. | have further expectations that this discussion will help“bridge the
gap”between analysts andend users so new and existing tools may be utilized more easily and
effectively leading to more comprehensive analyses.
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Appendix I: Visual Basic for Applications Tool Resources
Programming Resources

Microsoft Answers Community
http://answers.microsoft.com/en-us/office

Support for Microsoft Office Community Forums
http://support.microsoft.com/gp/gp newsgroups master

Microsoft Developer Network Visual Basic for Applications Forums
http://social.msdn.microsoft.com/Forums/en-US/isvvba/threads

Mr. Excel.com
http://www.mrexcel.com/forum/forum.php

Excel Forum
http://www.excelforum.com/

The Code Cage Forums
http://www.thecodecage.com/forumz/index.php

Security Resources

PC Tools by Symantec Secure Password Generator
http://www.pctools.com/guides/password/

Installer Package Resources

Caphyon Advanced Installer
http://www.advancedinstaller.com/

Other Resources

Breakfast Estimator v1.0 (Available March 29", 2013 through June 30", 2013)
https://www.dropbox.com/s/z4haudObenhwssg/Breakfast%20Estimator.zip

Of course...

Google
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www.google.com
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