TRL Calculator Version 2.2, Release Notes
This version of the Technology Readiness Level (TRL) Calculator has several new features; however, some previously existing features have not been implemented. This release note will explain the new features and alert you to some “missing” functionality.

Limitations

Version 2.2 no longer allows for the computation of a weighted TRL. In previous versions, the weighted TRL allowed users to assign weights indicating the relative importance of each question category. Users found this feature to be unnecessary and confusing, so I dropped it.

Starting Up. 

Install all enclosed files into a single Windows folder, and the internal hyperlinks should work. NOTE: You will need Internet connectivity to read the GAO report. 

When you install the calculator, you need to make sure that Excel is set to Medium security. From the top line drop-down menu, select "Tools", then "Macros" and "Security." Pick the "Medium" radio button. When you open a calculator spreadsheet containing macros, a dialog box will pop up asking whether or not you wish to allow macros to run. The default selection is "Disable." You'll need to change it to "Enable" at the time you load the spreadsheet, or some of the features won't work.

I certify that the macros contained in the attached files are virus free.

Once all the files are installed, you can start the calculator from one of two places. You can go to the file named “TRL Calc Ver 2_2.xls” if you want to plunge right in. You could also start by reviewing the documentation. If you want to read the documents first, a practice that I highly recommend, start by opening the file, “Documentation 2_2.xls.” The spreadsheets are linked together, so once you open one of them, you should be able to go anywhere you wish. 
New Features

Software incorporated as a technology type. This version allows you to select whether software is included as an element of your technology. There are three types of technology included: Hardware Only, Software Only, and Both Hardware and Software. Choosing either the “Hardware Only” or “Software Only” option removes all questions associated just with the other option. Questions flagged as belonging to both hardware and software are never removed by technology type, but may be removed if the associated question category (See below) is omitted.
Questions arranged by TRL. I did away with the old format of question categories, because when I added software, programmatic, and manufacturing/quality questions to the different categories, I quickly realized that there were way too many questions in most of the categories. I rearranged the questions by TRL instead. This seems to make more intuitive sense than the old method, and it definitely made some of the computations easier to do.
Manufacturing Readiness Levels (MRL). Version 2.2 includes MRLs. In developing the questions and defining the levels for the MRL portion of the calculator, I borrowed heavily from the work done by Mr. Dan Cundiff and Mr. Walt Zimmer, OUSD (AT&L). Note that the lowest MRL is 3. That’s because until a technology reaches TRL 3, there just isn’t enough information available to start worrying about manufacturing. In the software case, the MRL refers to Quality concerns, since manufacturing is generally not an issue for software.
Single aggregate TRL number. In previous versions of the TRL Calculator, I computed the TRL and the Program Readiness for Transition (PRT) as separate entities. I intended to treat MRL the same way, i.e., compute and report MRL as a separate entity, a different dimension of technology maturity. After discussions with others working in the area of technology maturity measurement, I changed my mind. I now realize that a single TRL number reflecting the overall maturity of a technology is the metric of choice for decision makers. For this reason, version 2.2 rolls up the Technology Readiness Level (TRL), the Manufacturing Readiness Level (MRL), and the Programmatic Readiness Level (PRL) into a single aggregate overall TRL number. The user can select to include or omit any one of these three elements from the overall TRL computation. Elements selected for inclusion also report the TRL, MRL, or PRL achieved, as well as the overall TRL number, as shown below.
Summary sheet. When you go to the TRL Calculator, you’ll find yourself on the summary sheet. In addition to displaying the TRL Calculator results, there are several other features and capabilities that reside on this page.
Select technology types to be included. You may select the type of technology that you want to include in your overall TRL computation. The calculator lets you pick from a technology that includes hardware only, software only, or both. You can select the technology type here or on the calculator sheet.
Select elements to be included. You may select the TRL categories, or elements, that you want to include in your overall TRL computation. By including or omitting individual categories, you can see what effect each one has on the overall TRL. You can select MRL and PRL here or on the Calculator worksheet. On this sheet, you can also elect to omit the technical category from the summary. The three elements or categories are described as:


Technical. Questions in this category measure only the technical maturity of the program. This element is what we usually mean by TRL.


Manufacturing. The MRL measures the readiness of our production system to manufacture the technology being developed. The MRL is a metric used to assess the system engineering/design process and maturity of a technology’s associated manufacturing processes. As stated above, technologies at TRLs 1 and 2 are too immature for consideration of manufacturing readiness, so the lowest MRL is associated with TRL 3.


Programmatic. This element adds questions that attempt to measure some program management concerns, such as Customer Focus and Program Documentation. These programmatic concerns define the Programmatic Readiness Level (PRL), and usually concern only the government Program Manager (PM).

Green and Yellow Set Points. You can specify the set points where the calculator assigns the Yellow or Green color codes based on percent of questions answered. System defaults are 100% for Green, and 67% for Yellow. You can change these set points to any value above 75% for Green, and any value from 50% to 85% for Yellow; however, the Yellow set point will always be at least 15% below the Green set point.


Program ID. The summary sheet has space for you to enter data identifying the program, program manager, and date that the TRL computation was performed. If you enter the information here, it is automatically transferred to the TRL Calculator worksheet.

Overall TRL achieved. The summary sheet displays the results of the TRL calculations in two boxes. The green box shows what level has achieved green status while the yellow box shows the highest level rated yellow. When there is no yellow rating at a higher level than the green level achieved, the yellow box will remain blank. These two boxes display the achieved TRL as a number. Beneath this numeric display is a horizontal thermometer display that shows the same information graphically. As a technology matures, you’ll see the thermometer move across the page according to the following color code:
Red - One or more tasks have been accomplished at this TRL or above, but there are enough tasks undone so that you cannot claim achievement of this TRL.

Yellow
 - You have accomplished many of the tasks required for this TRL, and you may be able to justify achievement of this TRL depending on which tasks remain.

Green - You can justify a claim that your technology has achieved this TRL.

Individual Green and Yellow achieved. The Summary sheet shows the Green and Yellow level achieved by each element (Technical, Manufacturing, or Programmatic) included in the overall TRL computation. Categories not selected are left blank. As in the display of the overall TRL, when there is no yellow rating at a higher level than the green level achieved, the yellow box will remain blank. This feature allows you to quickly identify the element(s) that may need increased management attention, because you’ll see at a glance which category, if any, is lagging behind the others.
Calculator worksheet. This is the sheet that does all the work, most of it in hidden cells and macros. On this sheet, you’ll answer the individual questions that the Calculator uses to compute TRL. You answer the questions using check boxes, or, if you wish, the “% Complete” sliders (see below). The Top Level View section is answered by selecting the appropriate “Radio Button,” since you’re only allowed to pick one of the possible answers (see below). A button at the top of the sheet is hyperlinked to the Summary worksheet discussed above. 
Reset All. This button is found at the top of the worksheet. The “Reset All” button will erase any information you have entered into the spreadsheet. It resets all slider values to 0, unchecks every check box, and erases all of the comments you may have entered in any of the “Comments” spaces. If you make a mistake in just one section, you’ll do better by using the “Reset TRL #” button found to the right of each section’s title bar.
Hiding unused elements. Just as you were allowed to do on the Summary sheet, you may choose to use or omit the questions dealing with Manufacturing or Programmatic categories. Note that when you select the Omit option, those questions are hidden on the worksheet. The technical element is always included, never omitted, on the Calculator worksheet. There is also a check box you can use to hide the blank lines in the different question areas. This feature is handy for printing out a copy of the worksheet, since there isn’t any information in the blank lines. Hiding the unused lines cleans up the formatting and uses less paper. When the blank lines are hidden, you won’t be able to add new questions (see below).
Per cent complete setting. There may be some situations where you’ll want to see what happens if the “% Complete” value is less than 100%. For example, if you use the “% Complete” sliders (see below) as a program management tool to track progress, you may want to see how close you are to meeting the next TRL. By changing the value that the Calculator uses to count a question as completed, you can see what effect the revised value has on the displayed TRL. Note that the default value is 100%. This value is entered into the spreadsheet by setting the spinner to 0. To change the value from the default, you’ll have to increase the spinner value. You can set the spinner to any value from 5% to 100% in increments of 5%, but if you reduce it to 0, the default value of 100% kicks in.
Program identification data. Information about the program, i.e., Program name, Program manager, and Date TRL computed, is imported from the Summary sheet. You are not allowed to enter or change program identification information here.

Top level view. I got this algorithm from NASA, as you can see in the Source credit. This area gives a top level, quick look at a possible TRL. If the TRL number shown here doesn’t come close to the overall TRL computed by the spreadsheet, it could indicate an error in your data. The top level calculation can be used as a “sanity check” on the Calculator’s output. You should try to figure out what caused the difference when the top level view doesn’t match the bottom up construction of the rest of the calculator.
Assuming completion of TRL 1 through TRL 3. If you know that your technology is more advanced, and you don’t want to waste time answering questions at low TRL numbers, you can check the red check box labeled, “Do you want to assume completion of TRL 1, 2, or 3?” Checking the box hides all the questions associated with that TRL, regardless of what category or technology type they’re tied to. I thought that there’s no need to include this feature above TRL 3 because, if you want to assume completion of higher levels, you don’t need to be using the TRL Calculator!

Sliders for % complete. The “% Complete” sliders are an option that can be used as a program management tool to track progress in completing individual items. If you choose to use this feature, you’ll probably notice that some questions don’t really seem to fit into the % complete concept. You can always use the check boxes for these binary (yes/no) questions. Note that a % complete value that exceeds the set point (see above) will count as completed in the TRL computation. This is indicated by the background color of the % complete cell in column F changing to green. The check box associated with that question will also display a check mark to show that this item is considered to be complete.
Adding new questions. The blank lines available at the bottom of each group of questions can be used to add new questions. This feature can be useful within a program, since it allows you to add items that I overlooked. To include a question in the TRL computation, you MUST include both a technology type indicator in Column C (H, S, or B) and a question category in Column D (T, M, or P). You should be careful in adding or deleting questions. Once you tailor the TRL Calculator by adding or deleting items, the Calculator loses some of its value in providing a standardized tool for defining TRLs in all situations across many programs. Tailoring the tool could also make it less repeatable, and might affect the credibility of the final result. Bottom line: The capability is there. Use it wisely.
Technology type. Column C records whether the question pertains to a Software technology, a Hardware technology, or Both. These designations are used if your technology is only a software program, or only a hardware program. You will probably want to hide the irrelevant questions, and the spreadsheet lets you do that. Deleting the technology type designator from Column C removes that question from the TRL calculations.
Deleting individual questions from computation. If a question does not apply to your program, you can easily delete it from the computation in one of two ways. You can either remove the Hardware/Software/Both flag from Column C, or delete the category identifier (T, M, or P) from the corresponding cell in column D. The question will still be visible (unless you hide the blank lines), but that question will no longer be counted in the number of questions possible for the indicated TRL, and its answer won’t be recorded or used, even if the % complete exceeds the set point. 
Since you can delete a question by removing either the technology type or question category code, which should you do? From one view point, it doesn't matter, since either one works. If you'll want to hide the blank rows, you probably should delete the T, M, or P, since that's the column used by the “Hide Blank Lines” macro to indicate whether or not a row contains information.

Category codes. Questions related to each category are indicated by the following: NOTE: You MUST use capital letters in column D or the macros won’t work properly. Deleting the category code designator from Column D is another way to remove a question from the TRL calculations.

Technical: “T” in column D (make sure it’s capitalized) and light blue cell background color.

Manufacturing and Quality Assurance: “M” in column D (make sure it’s capitalized) and pink cell background color.

Programmatic: “P” in column D (make sure it’s capitalized) and light green cell background color.

Comment field. The last block in each question is a comment area where you can enter any notes that you want. The comment field is comprised of several Excel cells merged together to form a single large cell. While you can enter almost anything in this area, if you want to include multiple paragraphs, you’ll need to use the “ALT + Enter” trick to create a new paragraph within the cell. Just hitting the “Enter” key will jump you out of the Comment field.
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Decision algorithms.
Overall TRL

The figure shows the top level decision algorithm used to display the overall TRL graphically, using Red, Yellow, Green, and No Color.

The qualifying algorithm looks at the number of questions checked and the color of the previous TRL, except for TRL1 which has no previous. Checking the previous color keeps the calculator from displaying a green TRL at a higher level than a red or yellow, and keeps a yellow from appearing higher than a red.
The algorithm is:

Display green if everything below this level is green, and all questions at this level are checked.

Display yellow if the previous level is yellow and you have answered enough questions at this level to justify a green or yellow rating. Display yellow if the previous level is green and this level has enough questions answered to justify yellow, but short of the number needed for green.

Display red if there is at least one question answered at this level or higher, but it doesn’t meet the green or yellow criteria.

If no question has been checked at or above this level, leave the space blank.

The TRL1 algorithm can be stated as:

If



Count at TRL1 is equal to or greater than the number of questions required for Green

Then




Display color for TRL1 = Green

Else if



Count at TRL1 is equal to or greater than the number of questions required for Yellow

Then




Display color for TRL1 = Yellow

Else if



Total count of all TRLs is greater than 0




(At least 1 question checked at this TRL or higher)


Then




Display color for TRL1 = Red

Else




Display color for TRL1 = No Color

End if

The algorithm for all other TRLs is similar, except it checks the color of the previous TRL:

If



Count at this TRL is equal to or greater than the number of questions required for Green

And



Display color at previous TRL = Green




(Check color at prior TRL)


Then




Display color for this TRL = Green

Else if



Count at this TRL is equal to or greater than the number of questions required for Yellow
And




Display color at previous TRL = Green


Or



Display color at previous TRL = Yellow




(Check color at prior TRL)


Then




Display color for this TRL = Yellow

Else if



Total count of all TRLs is greater than Total count at previous TRL




(At least 1 question checked at this TRL or higher)


Then




Display color for this TRL = Red

Else




Display color for this TRL = No Color

End if

Once the calculator has computed the display colors according to the above algorithms, the MSExcel Conditional Formatting capability is used to put the proper background color in each cell of the horizontal thermometer display. A look-up table finds the highest TRL checked Yellow or Green, and puts the numeric TRL values into the yellow and green cells labeled “Technology Readiness Level Achieved.” 

Attention Users: As you use the tool, I’d be interested in any comments you may have in the following areas:

Ease of use. Provide a subjective evaluation of how easy it was to use the Calculator on your program, along with any suggestions for improvement.
Documentation.
What changes are needed? 

What’s included that can be left out? 

What’s missing?
Editorial changes. Did you find anything that would benefit from an editorial correction, such as a change in wording, change in format, etc? Include any spelling or grammar errors.

Please send any comments to:

William.nolte@wpafb.af.mil
