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Abstract

To improve the research and development (R&D) metrics for the Spaceport & Technology Development Office, a strategic benchmarking study was performed.  This study included looking at best practices, mistakes to avoid, performance measurement systems and metrics used by external R&D organizations.  Though the current R&D metrics effectively track the financial inputs into the organization, they do not provide a complete view of its performance- a common mistake to avoid.  In addition to this, a lack of definitions and time frames on the financial metrics made them difficult to read.  The first of these problems was addressed by incorporating a performance measurement system similar to the Department of Energy’s Balanced Scorecard (DOE).  A Balanced Scorecard is used to look at multiple perspectives of an organization to fully asses its performance. This scheme was chosen because Kennedy Space Center already incorporates a performance measurement system based on a balanced scorecard, and applying it would only require an addition of metrics and not a change in the system.  The DOE Balanced Scorecard uses four perspectives: Financial, Internal Business, Customer Satisfaction and Learning & Growth.  A large list of possible metrics, categorized under the perspectives, was presented to management.  Of this list, metrics measuring customer satisfaction and progress towards accomplishing strategic goals were chosen for implementation- both considered to be a best practice to measure in R&D.  To fix the problem on readability of the financial metrics, short definitions were added to a legend and timeframe information was placed in their headers.  Though the new measurement system will greatly improve decision making, care must still be taken when analyzing any R&D metrics.  The complexities of R&D projects can sometimes not be fully represented by a metric and other measures such as qualitative measures must be used to insure that the data is not misinterpreted.  

Introduction
Performance measurement is the act of tracking the progress of an organization.  Much of the tracking is done using quantitative measures such as metrics.  Metrics are used to find weaknesses or gaps in an organization so that those concerns may be addressed.  In many cases, metrics are also used to drive an organization into a desired direction.  In Research and Development (R&D), the process of measuring performance is not concrete.  There are many reasons for the difficulties in measuring performance in R&D.  Some of these reasons are due to the difficulties in analyzing the causes and effects of outcomes, unclear processes to create the deliverables, and because likely outcomes for research are not predictable in advance (ARL 1).  To improve the metrics used for the Spaceport and Technology Development Office (STDO) at Kennedy Space Center, a study was done involving an evaluation of its current metrics, and the metrics of other organizations.  Together, these were used to make suggestions on how to improve STDO’s metrics system.
Problems

Decision Making With Current Metrics
Current metrics, seen in Figure 1, for the Spaceport Technology Development Office (STDO) track the amount of funds entering into its laboratories and testbeds.  Though these financial inputs are very important, they do not provide a complete picture on the performance of the department.  To better understand the progress of the department, more factors need to be observed to assess needs for change.  
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Figure 1: Financial Metrics
Financial Metrics Format

In addition to the problems stated above, the current metrics can be difficult to understand.  This may lead to misinterpretations of the information by outsiders who do not know how the information on the sheet was organized.  When the metrics were reviewed by an outside examiner the following questions were asked:
· Under “Total FY04 Funded Projects”, are the amounts accumulated every quarter or are those values per quarter?

· In the “Funding by Testbed” and “Proposals by Testbed” graphs, is the information accumulated for the fiscal year or is it the information for the current quarter?
· What is the “Min Goal”?  Is it a required amount or is there a goal range the organization is trying to achieve between minimum and desired goals? 

Since the metrics are placed on a NASA wide website, and information can be read by multiple people and centers, these questions could also come up when reviewed by other outsiders. 
Method of Solution

To improve the metrics for R&D in the STDO, a strategic benchmarking study was performed.  A strategic benchmark involves looking at general information from comparable organizations to find practices and information that leverage ones organization in a positive direction.  This study included looking at best practices, mistakes to avoid, performance measurement systems and metrics used by external R&D organizations. Using the knowledge gained from this information, a list of metrics was created for management’s scrutiny including the pros and cons to measuring them.

Best practices

The first step in the process of analyzing the current metrics was to look at the best practices in R&D.  A best practice is defined to be an activity or procedure that has produced outstanding results in one situation and could be adapted to improve effectiveness in another (inchnet).  Endres found that common best practices in R&D organizations were: 
· Measuring R&D contributions to strategic objectives.
· Coordinating long-range business and R&D plans.
· Agreeing on clear, measurable goals.
· Using decision-quality tools and techniques to evaluate an R&D portfolio.
The first three practices on this list apply directly to KSC’s Top 40 High Priority Technology Needs list.  This list is a series of needs the organization hopes to fulfill that pertain to NASA’s mission.  While it does fill the role of best practices in coordinating plans and deciding on goals, a metric can be useful to measure progress towards the Top 40 Needs.  
Mistakes to Avoid


While it is important to follow best practices, it is also important to observe common mistakes so they can be avoided.  The Performance Based Handbook stated the top 14 reasons why performance measurement systems fail.  Five important ones are:
· Measuring too few variables.
· Measuring too many variables.
· Collecting unnecessary data.
· Ignoring the customer.
· Failing to link two measures. 
The first of these is applicable to the current metric system.  Since only finances are measured, a complete picture of what is happening in the department is more difficult realize.  To comprehend STDO’s current situation, more metrics are needed.  Caution, however, has to be taken to make sure too many variables are not being measured.  Measuring too many variables can become expensive, and knowing the information may become depreciated.  To understand what to measure the question “What is needed to drive the organization in a desired direction?” has to be asked.  Doing this would mean gathering only that data which is necessary to complete the goals of the department. 
Benchmarked Organizations


Out of the organizations and companies that were used in the benchmark, two government organizations deserve special attention.  These are the Army Research Laboratory (ARL) and the Department of Energy (DOE).  They were used for comparisons in performance measurement structure to find if practices were suitable to meet KSC’s needs.  The following is a description of their performance measurement system.
Army Research Laboratory Benchmark

The Army Research Laboratory (ARL) was the only Research and Development government agency to be a pilot for the Government Performance and Results Act (GPRA).  The GPRA was enacted to improve government agencies’ spending decisions and hold them accountable for their performance results (GPRA 1).  To meet the requirements of GRPA, the ARL came up with what they call their 3 pillars.  These are Peer Review, Customer Feedback and Metrics (ARL 6).  First, Peer Review is done by a Technical Advisory Board looking at all the inputs into projects to assess quality. Next, the Customer Feedback Pillar is used to assess multiple areas of the satisfaction of both customers and stakeholders.  Surveys are used to assess customer satisfaction while focus groups are used for the stakeholders.   Last on the list of ARL’s pillars is metrics.  ARL incorporates 59 metrics into their measurement system.  Though they admit to it being a lot, most metrics are counted for stakeholder purposes.  Managers receive an abbreviated list of 15 to guide the organization into a desired direction.  Also, automation helps in the tracking of certain metrics.  None of ARL’s metrics measure outcome.  Since the ARL was a pilot for GPRA, their lessons learned are important to help avoid mistakes and encourage success.  The Federal Laboratory Consortium summarized ARL’s lessons learned as 
· What gets measured and rewarded gets done.

· Design [the system] to meet the organizations needs.

· Improve and change it to meet the organizations needs.
· Keep the approach in perspective. 
Department of Energy Benchmark


The second benchmarked organization was the Department of Energy (DOE).  The DOE uses a performance measurement system known as the Balanced Scorecard.  It is worthy to note that there are many variations of Balanced Scorecards.  These include the Mark Gram Brown Balanced Scorecard and the Kaplan & Norton Balanced Scorecard. The basic concept behind each balanced scorecard however is similar.  They are used to look at multiple perspectives of an organization to find if one perspective is influencing another.  The DOE Scorecard is based upon four perspectives.  These are Customer Satisfaction, Financial, Internal Business and Learning & Growth.  Their first perspective, Customer Satisfaction, looks specifically into the quality, effective delivery and overall satisfaction of their services or deliverables as ascertained by their customers (PBMH 22).  This perspective is implemented via survey.  The Financial perspective involves the efficiency in which their money is spent and its value for the public good.   Next, the Internal Business Perspective gives insight into the process by which services and deliverables are produced.  These are continuously improved to insure proper customer satisfaction and financial success (PBMH 22).  Lastly, the Learning & Growth Perspective involves the ability of the organization to learn to adapt to change (PBMH 22).  This category is generally measured by observing factors such as training and other inputs that contribute to change in the organization.  
Recommendations
To supplement the financial metrics, it was recommended that STDO absorb a performance measurement structure similar to that of the Department of Energy’s Balanced Scorecard.  This would require incorporating the perspectives of Customer Satisfaction, Internal Process and Learning & Growth to STDO’s already existing Financial Perspective.  Since NASA already uses a Balanced Scorecard type approach to its own performance measurement scheme, it is by far the easiest to implement because it requires only the addition of new metrics and not a change in the system.  To help in the implementation of such a process, a large list of metrics were provided to management for their scrutiny.  The following describes a highly recommended metric for its lacking perspective.

The first step in applying the balanced scorecard method to the STDO would be to add metrics to internal business process.  In R&D, the processes by which an organization goes through completing specified tasks are usually never concrete.  Many times ideas have to be reworked an unknown amount of times and different approaches have to be taken to solve the problem.  Because of the multitude and variations of projects, the Top 40 High Priority Technology Needs list can be used as a guideline for the processes to measure.  
Next, a Learning & Growth Perspective must be satisfied.  Though training has a direct effect on learning and is a major contributor to growth, it may be difficult to track.  There are many different types of training and having more training does not necessarily mean employees will be more productive.  Endres has stated that “one-size-fits-all [training] has led to the same training being given to all project teams – a prescription for failure”.  Instead of looking at training, the ability for the organization to adapt and succeed may be measured by looking at how many proposals are won.  Trusting an organization by granting a proposal shows a confidence in the organization to be able to accomplish that task.  The continued acceptance of proposals can show that the organization is able to adapt to new challenges, which will satisfy the learning and growth perspective. 
The last perspective recommended to be applied was the Customer Satisfaction Perspective.  STDO does not currently track its customer’s satisfaction.  This means that the likelihood of not knowing if their deliverable or service was fully acceptable to the customer is elevated.  Customer input can be a major contributing factor in discovering faulty processes.  To alleviate this problem, using the same Customer Satisfaction criteria as the DOE would be satisfactory.  Again, these criteria are the quality, timeliness and the customer’s overall satisfaction of the services and/or deliverables. 
Final Decisions

The final decision taken to improve the financial metrics was to “tweak” the metric by making them more understandable.  To make the financial metrics more explicable, definitions for minimum goal and desired goal were provided to clarify their purpose and meaning.  Also, information on the timeframes of measures was placed in the headers to clarify the period for which the information is applicable. 

To improve the overall view into the STDO’s performance, two new metrics were chosen for implementation.  The first of these was a Customer Satisfaction Metric.  This metric, seen in Figure 2, seeks to determine if deliverables and service are up to par with customer’s expectations.  This information will be gathered by surveying customers on the quality, timeliness and their overall satisfaction of a deliverables and/or service. Next, a metric was created to allow for insight into progress towards strategic goals (Figure 3).   This new metric measures the funding and number of projects helping to fulfill a Top 40 High Priority Technology Need.  In addition to this, the new metric also tracks how many GOTChA Analyses are completed.  A GOTChA analysis determines the Goals, Objectives, Technological Challenges and Approach to solving a problem.  Both of the above metrics are considered best practices to measure in R&D. 
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Figure 2: Customer Satisfaction Metric
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Figure 3: Top 40 High Priority Technology Needs Metric
Discussion

Hazards in Metrics


Though metrics are an important part in all performance measurement constructs, metrics for R&D must be carefully scrutinized to make sure that the data is not being misunderstood.  The vast differences and complexities in R&D projects may create misinterpretations of results.   As an example, one company interviewed by the General Accounting Office (GAO) used a Product Innovation Metric to count the number of new products created ever year.  Though it could count the number of new products created, the information was very easily misinterpreted because it was not able to distinguish if product had a minor cosmetic change compared to a major revolution in its design (GAO 23).  In their report, the GAO explains that these same types of problems can be found in the most common R&D metrics.  As another example, measuring annual patents and reports by a company does not tell whether the research done for these was a result of a major revelation or a slight modification.  Though the metrics can be misleading, companies that understand the context behind what they are measuring will use the metrics to ask “What have you done for me lately?” (PBMH). ARL specifically measured certain metrics because employees tend to respond to being measured by them.  ARL’s motto on metrics is “What gets measured gets done!” (ARL 17). 
Qualitative Assessments

Because of the hazardous potentials of metrics, other measures should be incorporated to offset possible misinterpretations.  The GAO stated that “The Research Roundtable… warned [of] the difficulties in quantifying the results of R&D and the potential for incorrect application with subsequent harm to scientific endeavors”.  Because of these dangers, other measures should be used beyond the quantitative metrics.  Qualitative measures should also be incorporated into all sections of an organization including employees, stakeholders and customers.  Many times qualitative responses to questions may provide quicker solutions to problems and may even help to discover new needs for metrics.  Qualitative responses can provide the details and descriptions that the quantitative metrics cannot provide- many times with more timeliness.  Though they can provide some resolution to a problem, they still are not a failsafe.  Even with qualitative measures, care must still be taken to not misinterpret the data. 
Process Facilitation
Because there are multiple processes in R&D and they all cannot be tracked by a metric, an organization must insure that it has proper processes is in place to guide projects towards desired outcomes.  These processes can be guided by a process facilitator.  Process facilitation is used to make problem solving easier (Endres 42).  A recommended strategy to this used by the Alcoa Technical Center is to use a passive facilitation.  A passive facilitation requires a facilitator that acts as a guide to a team, but does not act as a team member.  Using a process facilitator in this way will maintain a group’s ownership of a project and encourage their problem solving skills. 
Conclusions


By incorporating metrics involving customer satisfaction and progress towards strategic goals into their measurement system, STDO should have a wider view of its performance.  Measuring these two variables is considered to be a best practice in R&D.  It should however be noted that though the new metrics may help to give more insight into the R&D function, they are not a perfect solution.  The vast variety of R&D projects can cause misinterpretations in information.  These misinterpretations can generally be remedied by qualitative assessments.  
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