Instructions for the Technology Assessment Calculator Ver I.2 beta
February 4, 2009
N.B. the tabs are hidden for a reason, please use the buttons to navigate throughout the workbook and close the workbook using the “Close Calculator buttons”!
Thanks - JB

Technology Assessment Calculator
Technology Assessment of a complex system requires the assessment of all of its systems, sub-systems and components, including those elements that are thought to be mature because of past operational use.  It should also take into consideration, the impact of the overall system on the systems with which it is to operate, i.e. in a “system of systems” context.  A Technology Assessment is comprised of two parts, first determining the current maturity through the use of the Technology Readiness Level (TRL) Calculator and then determining what is required to advance that maturity in terms of cost, schedule and risk through the use of the Advancement Degree of Difficulty (AD2) Calculator.

The Technology Assessment Calculator is an integrated version of the TRL Calculator (which also includes Software Readiness Levels (SRL’s) and a version of Manufacturing Readiness Levels (MRL’s)) and the AD2 Calculator incorporated into a single workbook.  It includes the ability to capture and save project data as a function of the product Work Breakdown Structure.
Since the two calculators were developed separately, they have somewhat different characteristics as to how they collect and save the evaluation data.  
The TRL Calculator saves copies of the evaluation, but those copies cannot be edited. If a new evaluation is required at a later date all of the questions must be answered anew and the data saved with an annotation to the title that it is the 2nd evaluation (Widget & Widget 2 II).  If this annotation is not made, it will replace the old data with the new and the earlier information will be lost.  
The AD2 Calculator saves the data in matrix form which can be recalled and edited, thus reducing the effort in the second evaluation, but unless the second set of data is also annotated in some manner to distinguish it from the first set, the first set will be replaced and the earlier data lost when the 2nd evaluation is saved.

Both calculators save evaluation data (answers to the questions) according to the name of what is being evaluated (system name, subsystem name, component name, etc.)  All of the data is saved under the project name and stays in the active part of the calculators until either the project is deleted, or saved.  Once it is saved, the data is no longer in the active part of the calculator. Data is sorted according to the WBS number entered for each element.  Elements do not have to be entered in the order of the WBS. Both calculators will sort the data into a WBS hierarchy when that option is selected.  When the project itself is saved, the project name is recorded in the respective project indices (TRL or AD2).  The projects can be recalled and their data examined, replaced or augmented.
The overall assessment calculator is designed to be operated serially, with a TRL assessment being done first followed by an AD2 assessment for those elements that are below the desired level of maturity.  Each calculator, however, can be used independently of the other.  Stand-alone versions of each calculator are available upon request (see contact information).
Using the Technology Assessment Calculator - Getting Started:

When the workbook is first opened you must enable the macros when requested for the calculator to operate.  The calculator has been digitally signed to ensure there are no viruses.
When the calculator is opened, you should be at the Assessment Start page (assuming the calculator was closed correctly using the “Close Calculator” button).  If not, click on any of the “Technology Assessment Start” buttons and you will be taken to the start page. The start page has links to key areas in the calculator as well as links to supporting information imbedded in the workbook.  
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Figure 1. Technology Assessment Start

The start page also has definitions for technology development as opposed to engineering development and has a “rule of thumb” for dealing with “heritage” equipment.

From the lower right hand corner of the “Start Page” you can the access all the background material. 

These links include templates for a Technology Development Plan, a Technology Readiness Assessment Report, a power point presentation on technology assessment, a white paper on technology assessment and various other papers and background information. Most of the material is embedded in the workbook, but some require an internet link to access material on the web.
If you wish to copy any of the embedded material and save it outside of the workbook, click on the document itself, then click on “edit”, select “Document Object”, and “Open”.  Then click on “file” and “Save Copy as”. 
TRL AD2 Project Status Calculator

There is a mini-calculator imbedded in this calculator that is designed to demonstrate the relationship between TRL, AD2 and Project Type.  When the button is clicked for the type of project (Basic Research, Applied Research, etc) the calculator shows the TRLs that are appropriate for that type of project.  When the button is clicked for the TRL of the item being considered, it displays the impact to the project.  When the AD2 button is clicked for the AD2 Level of the item, the combined impact of the TRL AD2 on the project is displayed.
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Figure 2. TRL AD2 Project Status Indicator
A Walkthrough with Examples:

Before beginning an assessment it will be helpful to look at some examples.  Click on the “TRL Project Index” button and then click on the word “Example” followed by clicking on the button “Recall Selected Project”. This will place the data from the example into the TRL Project WBS Summary page.  The data is presented in hierarchical order with each data row displaying first the WBS #, second the name of the element, third a check box for examining details of the data, fourth the TRL, SRL & MRL levels attained, fifth a check box to delete the data for that element (but since this is an example it cannot be deleted), and sixth a check box for transferring data (the element name, WBS # and project name) to the AD2 Calculator Questions.  
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Figure 3. TRL Project Index
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Figure 4. Project TRL Summary
Checking the “detail” box in a given row takes you to the saved data sheet for the element named in that row.  The saved data sheet is just a copy of the original evaluation and cannot be modified, only deleted. If you wish to delete the saved data sheet, it must be deleted from the summary page “delete” check box.  While you are on the saved data sheet page, clicking on the “Set Print Area” button formats the page for printing.  Clicking on the “TRL Project WBS Summary” takes you back to the summary page.  
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Figure 5.  Example of Saved Data Page

When you check the AD2 box, you (along with the data) will be transferred to the AD2 Questions page.  At that point, click on the “TRL Project Summary” button to return to the summary page.  Click on the “Save All Project Data” button to re-save the Example to the Project Index and clear the Example from the Summary.  Then click on the “Tech Assess Start” button to return to the start page and click on the “AD2 Project Index” button to proceed to an example for the AD2 assessment. 
Once you are at the AD2 Project Index, again, click on the word “Example” and then click the “Recall Selected Project” button.  This recalls the data from the example and takes you to the AD2 Roll-up Summary page.
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Figure 6.  AD2 Index of Projects
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Figure 7.  AD2 Roll-up

On the AD2 Roll-up Summary page, the data is displayed by WBS # and element name.  With each element, problem areas are identified along with corresponding cost and schedule.  The Sensitivity Drop Down Box in the middle left of the header on the page sets a filter for displaying data as a function of AD2 level (or risk).  Changing the level and then clicking on the “Re-Calculate WBS Roll-UP” displays the data of problem areas that are at or above the risk level set by the sensitivity box.
Next click on the “Index of Saved Records” button, this takes you to the index of all of the records associated with the project (Example in this case).  Selecting a record and then clicking on the “Edit Selected Record’ button takes you to the AD2 Questions page where you see the data for the selected element.  You can then change the data, but in this case cannot resave it because it is an example.  If it were real data and you updated the information, when you resaved it you would want to modify the name to ensure that the earlier data was not destroyed by being replaced by the updated data.
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Figure 8.  AD2 Index of Saved Records
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Figure 9.  Example of Saved Data for Selected Element

Now click on the “Start a New Project Button” to clear the example from the active part of the calculator and then click on the “Tech Assess Start” button to go back to the beginning and begin your own assessment. 

Beginning a New Technology Assessment: 

The assessment starts with the TRL Calculator and then proceeds to the AD2 Calculator as needed.

Using the TRL Calculator:

To begin an assessment, select the TRL Calculator by clicking on the “TRL Calculator Questions” button.

The TRL calculator page consists of a series of questions that are indicators of progress toward the completion of the exit criteria defined for each level.

The TRL descriptions and their exit criteria can be viewed by clicking the appropriate button, or they can be viewed in toto by clicking the “Readiness Levels” button.
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Figure 10.  TRL Calculator Questions
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scenarios. V&V completed..

Manufacturing Process Maturity
Demonstration. Manufacturing
processes demonstrate
acceptable yield and
producibility levels for pilot line,|
LRIP, or similar item
production. All design
requirements satisfied.
Manufacturing process well
understood and controlled to 4-
sigma or appropriate quality
level. Minimal investment
machine and tooling - mac!
and tooling should have
completed demonstr
production environment. All
materials are in production and
readily available. Cost
imates <125% cost goals
, design to cost goals met
for LRIP).

Documented test
performance ves
analytical pre

Actual system
flight proven
through
successful mission|
operations

The final product is
successfully operated in an
actual mission.

Al software has been
thoroughly debugged and
fully integrated with all
operational
hardwarelsoftware systems.
Al documentation has been
completed. Sustaining
software engineering support]

place. System has been
successfully operated in the
operational environment.

Manufacturing Processes
Proven. Manufacturing line
operating at desired initial

sigma level. Stable production.
Design stable, few or no design
changes. All manufacturing
processes controlled to si
sigma_ or appropriate quality
level. Affordabili

milestones. Cost estimates
<110% cost goals or meet cost
goals (e.g., design to cost goals
met).

Documented mission
operational results

* Joint Defense Manufacturing Technolog




Figure 11.  Technology Readiness Levels

A series of definitions including “prototype” and “relevant environment” can be viewed by clicking the “Terminology” button.  NASA software requirements are addressed by clicking the “NASA Software Requirements” button. 
The TRL & SRL descriptions and exit criteria along with the terminology definitions are from the NASA document on Research and Technology processes, NPR 7120.8. MRL’s are currently not in official use by NASA but are included for additional benefit. (Do you change this paragraph in the version not based on NASA, or are all based on the NASA version?)
At the top left of the page, there are three check boxes that allow for the selection of Technology Readiness Levels (TRLs) for Hardware, Manufacturing Readiness Levels (MRL’s) and Software Readiness Levels (SRL’s).  When these boxes are checked, the questions corresponding to that box (TRL, SRL, MRL) are included in the evaluation summary, when they are unchecked, the questions are hidden and are not included in the summary.

At the upper right there is a check box for covering blank rows.  When this box is unchecked, it uncovers blank boxes where you may add questions.  The blank boxes are grouped with each TRL level in hardware, software and manufacturing.  Place an H, S or M in the left hand column to identify the question category.  Then check the box again and the question remains visible while the remaining blank questions will be hidden.  If there is a need to add more questions than there are available blanks, you can change the existing questions.  Using the blanks in the other categories will result in the data not being stored properly.  If you wish to not use certain questions, but not permanently delete or change them, you can remove the H, S or M associated with that question and it will be hidden when you check the “hide blanks” box
CAUTION! IF FOR SOME REASON YOU HAVE MANUALLY UNHIDDEN THE COLUMNS TO THE RIGHT OF THE QUESTIONS, DO NOT CHECK AND UNCHECK THE BOXES DESCRIBED ABOVE UNTIL YOU HAVE REHIDDEN THEM.  IF YOU DO NOT HAVE THE COLUMNS HIDDEN, THE SLIDERS AND CHECK BOXES ASSOCIATED WITH THE QUESTIONS WILL BECOME MISALIGNED.  IF THIS HAPPENS, SEE CONTACT INFORMATION FOR HELP!

In the course of the evaluation, as the questions are answered, progress is noted at the top of the page by a “Thermometer” scale for TRL’s, SRL’s and MRL’s.
The “thermometers” turn colors according to the degree of completion at a given “TRL level.”

For a given question at any level, when progress is indicated either by the slider being moved (indicating partial completion) or the check box being checked (indicating completion) the thermometer at that level will turn red as an indication that work has started. 
The first three levels have a single check box that can be checked, allowing the entire level to be shown as “completed.”  For all other levels, each question must be answered individually.  

IF THIS BOX IS CHECKED ON ANY OF THE FIRST THREE LEVELS, THE LEVEL WILL NOT BE CLEARED BY THE RESET BUTTONS. THE BOX MUST BE UNCHECKED FOR THE LEVEL TO BE CLEARED.
When a combination of completed questions and partially completed questions reaches the yellow “set point,” the level turns yellow.  The value of the yellow “set point” is determined by adjusting the slider at the top right hand side of the page.

The slider can be adjusted between the levels of 50% and 85%.  “Yellow” is only meant to be an indicator of progress toward “Green”, the completion of a given level.

Any level on the scale can be red or yellow depending upon the amount of progress toward green, but the level will turn green only when all questions at that level have been completed along with all of the questions at all the levels below it.
Each level has a reset button that allows the questions and comments to be reset to zero without affecting the other levels.  The first three levels cannot be reset by this button if the “Assume Complete” box has been checked.  To clear one of these levels uncheck the box.
The “Reset Calculator Page Only” button at the top of the page resets everything in the current evaluation, but does not delete the data saved as insert sheets for the individual components, subsystems or systems. Nor does it clear the data from the “Assessment Summary” page. These can be deleted individually using the delete button on the individual “WBS Summary” page at each row or with the Delete button on each “saved” Data page.  As mentioned earlier, it does not clear the levels where the “Assumed Complete” box is checked. That box must be unchecked to clear the level.
The “Reset Calculator & Summary” pages clears the “TRL Calculator” page and the “Assessment Summary” page. It does not clear the “WBS Summary” page. Again, it does not clear the levels where the “Assumed Complete” box is checked. That box must be unchecked to clear the level.

There are numerous navigation buttons to other sheets identified accordingly.

The window is frozen to allow the questions to scroll below the fixed thermometer and criteria buttons.  You can change the freeze position if desired by selecting “tools” then “protection” then “unprotecting” the sheet,  and then selecting the “unfreeze” option under Window in the tool bar  When you wish to re-freeze the window,  place the cursor where you want the window to freeze, and click freeze. Then protect the sheet again.

Now that you are familiar with the TRL Questions page, select whether or not you want TRL, SRL or MRL Questions.

Add any additional questions (or modify any questions) that may be desired.

Enter in the appropriate boxes:

Project Name

Evaluator Name

System/subsystem/component Name

System/subsystem/component WBS #

The date is entered automatically as “today’s” date.
Begin answering the questions.  

At each level there is a “comment box” where you can add explanatory notes e.g. why a given question is at a certain completion level, when it is expected to be completed, etc.

Once you have completed the assessment, scroll to the top of the page and click the “Evaluation Summary” button.

This takes you to the Summary page where the Thermometer is displayed showing the levels resulting from the assessment.

All project information is automatically transferred to this page.

If you have a yellow or red for any of the TRL, SRL, MRL levels, you may want to save details from that portion of the assessment.

If so, click the desired number of boxes at the right and then click the “Paste Details” button.  N.B. If you have earlier pasted information you will need to clear the earlier data before you repaste.  This will paste the details for each level checked below the thermometer.  
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If you wish to view the details of a given level(s) check the appropriate boxes t right and click paste. The entire page can then be saved to a new work sheet
by clicking "Save All” The levels achieved and the appropriate project information is saved to the WBS summry at the same time

Technology Readiness Level Details

Conceptiapplication translated into detailed system/subsystem/companent level
breadboard design?

[Preliminary definition of operational enviranment completed?
Laboratory tests and test environments defined for breadboard testing?

[Pretest predictions of breadboard peformance in a laboratory environment
assessed by Modeling and Simulation?

[Key parameter performance metrics established for breadboard laboratory tests?
Laboratory test support equipment and facilities completed for breadboard testing?
System/subsystem/companent level breadboard fabrication completed?
[Breadboard tests completed?

[Analysis of test results completed verifying performance relative to predicitions?
Preliminary system requirements for end user's application defined?

Criical test environments and performance predictions defined relative to the
preliminary definiton of the operating environment?

Relevant test environment defined?

Breadboard performance results verifying analytical predictions and
defintion of relevant operational environment documented?

Expected completion by 12/2009

Software Readiness Level Details

Conceptiapplication translated into detailed system/subsystem/companent level
software architecture design?

[Preliminary definition of operational enviranment completed?
Laboratory tests and test environments defined for integrated component testing?

[Pretest predictions of integrated companent performance in a laboratory
environment assessed by Modeling and Simulation?

[Key parameter performance metrics established for integrated component
Iaboratory tests?

Laboratory test support equipment and computing environment completed for
integrated component testing?

System/subsystem/component level coding completed?
Integrated component tests completed?

[Analysis of test results completed verfying performance relative to predictions?
Preliminary system requirements defined for end users' application?

Criical test environments and performance predictions defined relative to the
preliminary definition of the operating environment?

Relevant test environment defined?

Integrated companent performance results verifying analytical predictions and
definition of relevant operational environment documented?

Integrated component tests completed for reused code?

Integrated component performance results verifying analytical predictions
and definition of relevant operational environment documented?

[Expected completion by 1272009

g Readiness Level Details

Manufacturing requirements (including testing) finalized?
MachineTooling requirements identified?
Has training/certiication been identified for all skills required (particularly new

30 |Vaterial requirements identified?

40 |Producibilty assessment intitalized?

20 |Machinery/toling modifciations breadboarded?

[Key manufacturing processes identified?

[New machinery tooling breadboarded?

[Metrology requirements identified?

[Key metrology components breadboarded?

[Key analytical tool requirements identified?

[Key znalytical tools breadboarded?

[Key manufacturing processes assessed in laboratory?

Mitigation strategies identifed to address manufacturability / producibilty

[All Manufacturing Processes Identified?

Expected completion by 122009





Figure 12.  TRL Evaluation Summary

After viewing these details, if you decide you want either more levels or different levels, click the “Clear Details” button, recheck the desired boxes and paste again.

Once you are satisfied with what you want to save, click the “Save All to TRL Project Summary” button at the top of the page.

This will enter a new worksheet in the book with the name of the system/subsystem/component name being analyzed (see Figure 5). It also saves the WBS#, element Name, “Green” and “Yellow” levels achieved, Evaluator & Evaluation date along with the Project Name to the “TRL Project WBS Summary” page (see Figure 4).
The main date at the top of the TRL WBS Project Summary page is always “today’s date”. The date appearing with the assessment results in the rows below is the date the assessment was made for the associated component.
The “Delete All Saved Data for this Project” button does just that, it permanently deletes all of the rows, as well as all of the corresponding saved data sheets.   It does not delete data that has been saved to the TRL Project Index.
Assessments do not have to be done in order.  The assessments may be done randomly and when desired, the “Sort WBS” button can be clicked and to sort the data and put it in order based on the WBS.  This can be done as often as desired.

Each data row has 3 check boxes:

Checking the first box (from the left) takes you to the worksheet that has the assessment details. Clicking the delete button at the top of the data sheet will remove the inserted sheet, and the row in the WBS Summary. Clicking the WBS Summary button returns you to the summary. Clicking the “Set Print Area” button sets the initial print area and page breaks and takes you to the ‘print preview’ page where you can adjust the page breaks before printing.
Checking the second box (from the left) deletes the row and the worksheet that contains the details. 
Checking the rightmost box sends the information to the AD2 calculator.
Using the AD2 Calculator:

When the AD2 Calculator is used to continue from the TRL assessment it has the capability to permit a second sub-level element to be added to the assessment providing more detail on subsystems or components that make up the initial system, subsystem.  If desired, it can be input to the subsystem/component box along with the lower level WBS #. (For example if the TRL assessment was on a Telescope System WBS#1.2, when the AD2 assessment is undertaken you can add sub-elements such as the Primary Mirror WBS #1.2.1 and perform the AD2 evaluation on that element.)
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= Do the necessary data bases exist and if not, what level of
development is required to produce them?

Do the necessary design methods exist and if not, what
level of development s required to produce them?

= Do the necessary design tools exist and if not, what level
of development s required to produce them?

| | ) = Do the necessary analytical methods exist and if not, what
level of development is required to produce them?

L Do the necessary analysis tools exist and if not, what level
of development s required to produce them?

, Do the appropriate models with sufficient accuracy exist
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produce them?

Do the available personnel have the appropriate skills and
- ~ if not, what leve! of development s required to acquire
them?

= = Has the design been optimized for manufacturability and if
not, what level of development is required to optimize it?

= Has the design been optimized for testability and f not,
what level of development s required to optimize it?

i Has the design been optimized for integration at the

- - ~ component, subsystem and system level and if not, what is
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Figure 13.  AD2 Question Page

The Title designates how the data is saved and should be that of either the system/subsystem name, or the subsystem/component name, whichever is being evaluated.

Once the project information and evaluator information are complete then the evaluation can proceed.

You may change the schedule and cost levels by clicking on the button at the upper left of the questions and modifying the levels accordingly.

Clicking on the “View Degree of Difficulty Criteria” lets you view the criteria for risk assumption. It is fundamentally based on whether or not the work lies outside of the experience base.  It also categorizes the different levels according to the uncertainty categories developed by De Meyer et. al. (“Managing Project Uncertainty: From Variation to Chaos,” MIT Sloan Management Review, pp. 60-67, Winter 2002.)
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Figure 14.  Degree of Difficulty Criteria

Now answer the questions for each area: design, manufacture, operations and test.

If you cannot answer a question, or if the question is not appropriate simply leave it blank.

When you have completed all of the questions, click on the “Create Summary of Results” button and it will display the main drivers in the evaluation.
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Figure 15.  Summary of Results Page

Returning to the Questions page, click the “Save It” button and the data will be saved in temporary storage.  Even though it is temporary, it will be there as long as you leave it. It only disappears when it has been actively deleted, which should only be done after it has been saved as a project.

From the “Saved Index” page (see Figure 8), you can select records to edit and resave them for as long as you wish. 

Going to the WBS Roll-Up page (see Figure 7) you will see the data rolled up as a function of WBS.

The data is filtered by risk and can be changed by selecting a different risk value and re-calculating the roll-up.

Once you have completed all of the assessments for a given project, you may save the data as a project file by clicking on the “Save Project Records” button on the “Index of Saved Records” page.  This saves all of the data as a new sheet with the project name. It also lists the project in the Index of Projects (see Figure 6)  

At this point, the “Clear all Records for this Project” button on the “Index of Saved Records” may be clicked.  This will clear all of the records from the temporary storage, but leaving the records in the Saved Records Index.
Data may be recalled and re-edited by going to the “Index of Projects” page, selecting a project and clicking on the “Recall Selected Project” button. This places all of the data back in temporary storage for re-view and edit.

