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Abstract 
There has been a concerted effort since 2007 to establish a dashboard of metrics for the 
Science, Technology, and Engineering (ST&E) work at Sandia National Laboratories. 
These metrics are to provide a self assessment mechanism for the ST&E Strategic 
Management Unit (SMU) to complement external expert review and advice and various 
internal self assessment processes.  The data and analysis will help ST&E Managers plan, 
implement, and track strategies and work in order to support the critical success factors of 
nurturing core science and enabling laboratory missions. The purpose of this SAND 
report is to provide a guide for those who want to understand the ST&E SMU metrics 
process. This report provides an overview of why the ST&E SMU wants a dashboard of 
metrics, some background on metrics for ST&E programs from existing literature and 
past Sandia metrics efforts, a summary of work completed to date, specifics on the 
portfolio of metrics that have been chosen and the implementation process that has been 
followed, and plans for the coming year to improve the ST&E SMU metrics process. 
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Executive Summary 

The pressure to have more quantitative performance measures for Science, Technology, 
and Engineering (ST&E) had been growing and in late Fall 2006 then Chief Technology 
Officer Rick Stulen established an advisory group of Sandia senior scientists and social 
scientists with expertise in ST&E metrics and organizational change and charged the 
group with defining metrics and an implementation plan and “to get this right.” 
Specifically, the ST&E metrics group was to (1) define a portfolio of metrics that help 
Sandia ST&E meet its strategic goals and (2) increase Sandia comprehension and 
appreciation of the creation and value of ST&E at the laboratories. The group was also to 
understand the importance of changing behavior, understand the data issues (metrics 
reflect values, what/who/how to measure, application of the data), connect to Laboratory 
Directed R&D (LDRD) measurement for input, and practice due diligence with respect to 
other related initiatives. 

The scope of this effort was limited to the major corporate goal ST&E supports, 
including LDRD, which is “Create breakthrough results through science and 
engineering.”  The plan was to examine best practices, speak with focus groups, and have 
a metrics plan to Sandia Science Advisory Board (SSAB) in 2007. A subset of the 
advisory group became the metrics working group after plans were set.  

The metrics working group reviewed existing literature and their Sandia experiences and 
drafted a proposal for a portfolio of metrics using a balanced scorecard, a comprehensive 
approach to choosing and displaying metrics that is familiar to Sandians. The group 
drafted guiding principles and a preliminary phased implementation plan.  This was 
presented to focus groups in Albuquerque and California between February and June 
2007.  That input slightly modified the proposed small set of metrics, and the resulting set 
is shown in Figure ES 1.   

The left hand side of the dashboard of metrics measures “What” ST&E does, from 
capabilities to outputs such as publications and technical advances, and the value these 
outputs provide to customers who include internal Sandia mission areas, DOE and other 
federal agencies, and the ST&E community. The right hand side measures “How” that 
ST&E gets done.  Just as a hospital must simultaneously give its patients excellent care 
and control costs, ST&E efforts produce quality, relevant breakthrough results (the 
“What”) through strategic planning and investments, excellent research management that 
drives innovation, and through collaborative work within ST&E and with partners and 
customers. The resulting six areas in the dashboard form an integrated portfolio of 
metrics. Achieving one metric is dependent on achieving several other metrics.   
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WHAT we do HOW we do it

Early in the implementation phase it was decided that summary data was needed as soon 
as possible, so these metrics have been collected for the ST&E SMU organization as a 
whole, with differences shown for Research Foundations where feasible and useful.   

The Sandia Science Advisory Board (SSAB) has been instrumental in encouraging and 
reviewing the development of these metrics for the ST&E SMU.  A two slide summary of 
the resulting small set of metrics was presented to the SSAB in September 2007.  Work 
then began in earnest to populate the chosen set of metrics and show this set and the 
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implementation plan to the SSAB in March 2008.  This comprehensive portfolio of 
metrics information was also introduced to the ST&E Council and to the Laboratory 
Leadership Team.  Response was very positive.  Additional metrics data were presented 
to the SSAB in September 2008 and March 2009.  Portions of the ST&E SMU metrics, 
those by Research Foundation, have also been used during RF External Review Panel 
meetings since 2008.   

Trend data is being collected where ever possible.  Few benchmarks are available, 
although there is hope that agreements could be made with sister laboratories to develop 
these. Currently, targets are either “maintain steady state” or “increase from previous 
years.”  Status categories of “Meets expectations,” “Concern-Watch,” “Requires 
Management Attention,” are derived based on the current year as a percentage of 
previous years, adjusting that percentage by the amount of variation in the historical data.  
“Quad” charts have been developed for some of the metrics to summarize why 
management sees the metrics trend to be an issue, and decisions made on what action is 
to be taken. 

The first Annual Metrics Report was completed in March 2009, in the form of a simple 
dashboard where it is possible to drill down to the metrics that make up those larger 
categories, such as “Value and Impact” and “Technical Excellence.”  The dashboard and 
metrics are posted on the ST&E SMU web site and updated quarterly with new 
information.  An operating plan has been written to complete the data collection on an 
annual cycle, standardize data collection and storage, and organize presentation and 
dissemination of the metrics data.  There will be a plan for quality assurance of the 
metrics data and analysis, and for reviewing the efficacy of the metrics effort in order to 
continuously improve it. 

The metrics have been incorporated into the Laboratories’ reporting system, Integrated 
Laboratory Management System (ILMS), and the yet to be completed PerformanceSoft 
measurement system. The chosen metrics have been incorporated into the evidence 
requested in the annual DOE Laboratory Appraisal system, the Performance Evaluation 
Plan (PEP) and Self Assessment (PEAR). 
 
There is a vision of the journey to an optimized and sustainable metrics system for the 
ST&E SMU. Maturation of performance metrics has already proceeded from ad hoc 
collection for external requests to planned annual data collection and reporting. Optimally 
this will move to the point where performance metrics are systematic and applied for 
improvement.  Current issues identified for improvement are: 

• Utilization of ST&E metrics (setting benchmarks and targets, management use 
and role in driving behaviors); 

• Assuring data quality; 
• Adding additional metrics such as Readiness Levels of technologies, using data 

mining to display relevance, and better value and impact measures; and  
• Improving linkages among metrics so that specific investments in capabilities can 

be linked to products and to value to customers. 
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Description of the Sandia National Laboratories  
ST&E Metrics Process 

 

1. INTRODUCTION AND OVERVIEW 

1.1   Introduction 
 
Sandia National Laboratories (Sandia) is a multi-program laboratory operated for the U.S. 
Department of Energy by Sandia Corporation, a subsidiary of Lockheed Martin 
Corporation.  Sandia’s Vision is to become the laboratory that the U.S. turns to first for 
innovative, science-based, systems-engineering solutions to the most challenging 
problems that threaten peace and freedom for our nation and the globe.  
 
The Science, Technology & Engineering Strategic Management Unit (ST&E SMU) is a 
cross-cutting foundational and transformational SMU.  ST&E plays an active role in all 
three of the Laboratories’ Strategic Management Groups: Nuclear Weapons, National 
Security Technologies and Systems, and Laboratory Transformation, as the provider of 
the science and technology foundations that underpin Sandia.  The ST&E SMU creates, 
integrates and applies capabilities needed to address national security challenges through 
strategic investments in six research foundations (RFs): Bioscience, Computer and 
Information Sciences, Engineering Sciences, Materials Science & Technology, 
Microelectronics & Microsystems, and Pulsed Power Science.   
 
The Vision for the ST&E SMU, as expressed in the FY2007 SMU Strategic Plan is 
“Securing America’s future through discovery and innovation at the interface of science 
and engineering.”  The ST&E SMU strategy is guided by two principles: 

1. Nurture the Core 
To ensure that the fundamental science and engineering core is 
vibrant and pushing the forefront of knowledge. 
2. Enable the Missions 
To apply that science base to enable and deliver effective and 
innovative solutions to current needs and to anticipate future needs. 

There has been a concerted effort since 2007 to establish a portfolio -- referred to as a 
dashboard -- of metrics, applying beyond Laboratory Directed Research and 
Development (LDRD) projects, to provide a self assessment mechanism for the ST&E 
SMU in addition to external expert review and advice and various internal self 
assessment processes.  The primary objective of this project has been to design a core 
portfolio of metrics and a metrics process to collect, analyze and report on this portfolio 
of metrics data to help ST&E management plan, implement, and track strategies and 
work in order to support the critical success factors of nurturing core science and 
enabling laboratory missions.  

The purpose of this SAND report is to provide a guide for Sandians who want to 
understand the Science, Technology, and Engineering Strategic Management Unit 
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metrics process, or want to use the lessons learned by this effort to establish their own 
system of metrics.  

This report first provides an overview of why the ST&E SMU would want to measure 
and how strategic measurement can align the vision and results of multiple levels of the 
organization.  Section 2 provides some background on metrics for ST&E programs from 
existing literature and past Sandia efforts related to metrics, looking for best practices 
such as balanced scorecards (Kaplan and Norton 1996).  Sections 3, 4 and 5 provide a 
summary of work completed to date, specifics on the portfolio of metrics that have been 
chosen and the implementation process that has been followed.  Section 6 looks forward 
to plans for the coming year to improve the ST&E SMU metrics process. 

1.2  Why Measure? 
Metrics are measures of aspects of resources or performance, with a unit of measurement 
included.  If something cannot be measured directly, a proxy or indicator may be chosen 
as the metric to represent what can’t be measured.  A “leading” indicator tends to change 
before that for which it is a proxy, such as a sore throat coming before a cold, while 
lagging indicators occur after the performance being measured, such as publications 
coming many months after a discovery or technical progress. A metric typically has a 
target for where you want to be, a base level of where you are now, and a time frame for 
achieving the target.  Metrics give us information – the “what” – but we need analysis of 
the data to understand the “why” in order to determine an appropriate response.  
Understanding “why” is how we learn from the data and improve measured performance.  
Reliable leading indicators, if they can be defined, are particularly useful because the 
information provides a basis for timely action. Metrics can also help us with the “so 
what” questions our external stakeholders frequently ask about ST&E. 

There are two major audiences for the ST&E SMU metrics, internal and external.  In 
addition to the primary audience, internal ST&E SMU management -- the Chief 
Technology Officer (CTO) and the ST&E Council -- there is the audience of 
management and oversight external to the ST&E SMU, including Sandia and DOE, as 
well as the broader ST&E and customer community.   

The major reasons for establishing a dashboard of metrics for the CTO and the ST&E 
SMU Council (which includes Center and RF Directors) are the following:   

1) Improve strategic management of ST&E including tailoring of ST&E for mission 
needs, and allocation of resources;  

2) Better understanding of discovery and innovation at Sandia and of the ST&E role 
and influence in the broader Sandia national security mission; 

3) Using that understanding to help improve the Sandia ST&E environment; and  

4) Measuring and driving ST&E achievement (e.g. toward discovery, innovation).  
This does not, however, include using these metrics for individual performance 
appraisal. 
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The purpose of metrics for the external audiences (Sandia DOE and Work for Others 
Programs, the DOE Sandia Site Office, Congress, the media) is to  

1) Document and communicate breakthrough results and other value to satisfy 
oversight and requirements, such as the DOE Annual Performance Report; and  

2) Demonstrate value for expenditures to attract resources, talent, and establish 
primacy. 

1.3  Measures Follow Strategy 

Ideally measures follow strategy.  Figure 1-1 illustrates interconnections between 
strategy, activities and metrics.  Metrics can be important cogs to achieve our goals for 
ST&E.  We want a portfolio of metrics that drive organizational and behavioral change, 
that is, that support the creation and implementation of the organizational strategy which 
may also be called “Critical Success Factors.” Metrics including assessments of these 
Critical Success Factors and levels of strategy can be displayed together in a dashboard 
such as the popular “Balanced Scorecard” described in Section 2.3. 

Upper level strategy drives lower level organizational and individual activities.  
Individual activities and achieving lower level organizational strategies help achieve 
SMU-level organizational strategies. Another way of saying this is that there needs to be 
clarity (line of sight) between all organizational levels for the metrics dashboard to be one 
that drives the desired behaviors.  The ST&E SMU strategic plan influences the strategic 
plans of the Research Foundations, and vice versa.  And measurement through metrics at 
multiple levels of activities, outputs, and outcomes then provides information to modify 
the goals and strategy as needed.   

The ST&E metrics around strategy are to drive performance in desired directions.  
However, input from focus groups and common sense given the untested nature and 
incompleteness of the initial set of ST&E metrics, have led to the decision NOT to use 
these ST&E metrics in individual staff performance appraisal. 

Two famous quotations have guided the development of the ST&E SMU metrics: 

“What gets measured, gets done” (Deming) 

“Not everything that can be counted counts, and not everything that 
counts can be counted” (Einstein) 
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Figure 1-1.  Ideally, Measures Follow Multiple Levels of Strategy 
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2. BACKGROUND  
This section provides the background for how the ST&E SMU metrics working group 
arrived at the portfolio of metrics in the current dashboard of metrics, and at the design of 
the process for collecting, analyzing, utilizing, and improving this portfolio of metrics.  
The extensive literature and what Sandia and others have done on metrics are reviewed 
for science and technology (S&T), science and engineering, and research and 
development (R&D).  Particular attention is paid to the balanced scorecard approach, 
since that is the scheme chosen for defining the ST&E SMU portfolio of metrics.  

2.1  Review of the Literature 
The increased attention to performance management in public R&D organizations is part 
of a broad trend toward increased attention to performance management in public 
programs generally.  The Government Performance and Results Act (GPRA) passed by 
the U.S. Congress in 19931 requires strategic plans and annual performance plans and 
performance reports for all federal agencies.  An Organization for Economic Cooperation 
and Development (OECD) 1997 study concluded that three public concerns were 
noticeable in all OECD performance management frameworks, although to different 
degrees: concern that governments (1) improve performance, (2) clarify responsibilities 
and control, and (3) realize cost savings. In 2001, the U.S. President’s Management 
Agenda called for budget and performance integration and a new assessment process, the 
Program Assessment Rating Tool (PART).2

Managers and evaluators have found that assessing R&D performance is especially 
difficult because of specific qualities that are inherent to research and the scientific 
process.  First is the open-ended nature of R&D (Rip 2003).  No one can predict what 
discoveries will be made as a result of R&D activities because they are neither routine 
nor do they have specific outputs.  Any goal that was predicted would most likely shift 
before the time to evaluate the goal had arrived.  Cozzens (1999) outlines four factors that 
pose particular challenges for assessing the performance of R&D and meeting the 
requirements of GPRA:  

• The attributes of research that can be tracked and measured are not always 
important.  

• Significant research events occur unpredictably and cannot be subject to 
schedules. 

• Many sources of funding and contribution are often integrated in a single research 
program. 

• There is no easy, accurate method to objectively evaluate research quality or 
result. 

Another reason that assessment of R&D is difficult is that innovative contributions to 
social and economic well being are typically the result of the national R&D system rather 
than any one component.  Rip (2003) describes this as the institutional landscape of 

 
1 See www.whitehouse.gov/omb/mgmt-gpra/gplaw2m.html 
2 See www.whitehouse.gov/omb/part/ 
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national R&D systems, and includes in it contributions from academic institutions, large 
and small public laboratories, R&D stimulation programs, and research centers.  Feller 
(2003) also emphasizes the need for R&D performance assessment to consider 
collaborative research and to pay attention to the different goals and strategies of private 
versus public institutions.   

There are several significant studies that discuss what science and technology (S&T) 
organizations, both government and industry, should measure and what methods for 
measurement are most appropriate (Brown/ARL, COSEPUP, Ellis, Geisler, NSTC).  
Each study has its strengths and limitations from the standpoint of the Sandia metrics 
benchmarking study.  None of the studies provide a description of S&T metrics that is 
concise, current, and comprehensive (covers inputs, process, and results).  Nor do any of 
the studies compare metrics used by government, academic, and industrial research 
organizations.  

• The Army Research Laboratory (ARL, Brown 1997) discusses public S&T.  
While comprehensive with both quantitative and qualitative metrics, the ARL set 
does not address innovation.  

• The National Research Council’s Committee on Science, Engineering, and Public 
Policy (COSEPUP 1999) study Evaluating Federal Research Programs, contains 
very little detail on the metrics and methods that it recommends and its emphasis 
is on measuring outcomes to meet GPRA requirements. 

• The Ellis book (2000) is detailed, but limited to R&D process measures used by 
industry. 

• The Geisler book (2000) is a comprehensive review of metrics used by industry, 
government, and academia, although it does not compare these.  

• The National Science and Technology study (1996), Assessing Fundamental 
Science, is very detailed on measuring outcomes of fundamental research. 

International attention has been focused on assessment of publicly funded research 
programs.  In 2005 the “World Research Evaluation Network” (WREN) was announced 
at an International meeting and a charter and work plan drafted.  The work plan was to 
tackle the problems of evaluating at a systems level and building consistent quality data, 
including data on prospective and retrospective impacts of research.  This group lost its 
champions and is now only informally active at the annual conference of the American 
Evaluation Association. 3 The considerable resource materials developed by WREN will 
be available on the White House Office of Science and Technology Policy Science of 
Science Policy website in 2010. 
 
Considerable, mostly uncoordinated, work continues. The National Science Foundation 
(NSF) annually publishes science indicators, as does the OECD, but these are primarily 
inputs such as the amount of funds spent on R&D and the number of students graduating 
by discipline.  The OECD developed the Frascati Manual in 1963 and supplemented this 
with the Oslo Manual in 2005.  The OECD Science, Technology and Industry Scoreboard 
includes data on collaboration with public research organizations by innovating firms.  
The European Commission does five year assessments on each Framework Program, and 

 
3 See www.eval.org, the Research, Technology and Development Evaluation Topical Interest Group. 
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one Directorate has funded research to develop a system of metrics to supplement peer 
review and program impact studies.  Some of Japan’s research programs have developed 
a system of assessing programs, relying mainly on peer review and follow up studies, 
where performance and impact is fed back into decision making.  

2.2  What Others are Doing 
To the extent possible, publicly funded research has learned lessons from industry.  This 
has been limited, however, because public research has no single bottom line like profit, 
but rather has very diverse missions and stakeholders.  The Industrial Research Institute 
(IRI), a non-profit organization of over 280 leading companies that carry out over 80 
percent of the industrial research effort in the United States’ manufacturing sector, in the 
1990s cooperatively developed the “Technology Value Pyramid” (TVP).  See Figure 2-1. 
This is a framework for measuring the performance of industrial R&D, and for assessing 
the relationship between R&D programs and long-term organizational goals (Tipping et 
al. 1995 and Brown and Swenson 1998).  The pyramid’s three levels -- Foundations, 
Strategy, Outcomes - - are the basis for linking the key technology development and 
innovative processes that need to be intelligently managed and evaluated to achieve 
effective R&D.  The key processes are represented by five managerial factors that are 
distributed among the three levels according to their organizational role.   

A Sandia LDRD Study in 2008 looked at metrics used by several industrial firms.  This 
study concluded that there is no single, comprehensive set of metrics for science and 
technology efforts used by firms.  That said, “The primary metrics used at the companies 
studied here are the standard counting metrics of papers published, patent applications, 
and product introductions, as well as some measure of the overall business impact of a 
project on the company.”    

Value
Creation

(VC)

Portfolio
Assessment

(PA)

Integration with
Business (IWB)

Asset Value of
Technology

(AVT)

Practice of R&D Processes
to Support Innovation

(PRD)

Outcomes

Strategies

Foundations

Figure 2-1.  The Industrial Research Institute’s Technology Value Pyramid 
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Our sister laboratories collect metrics common to all DOE LDRD programs.  Some also 
have broader metrics systems.  For example, the LANL Contractor Assurance Office 
designed, launched, and integrated a single Contractor Assurance System for all work, 
not just LDRD. This system includes processes and tools for managing issues, assessing 
and measuring key performance and Lab wide commitments. A LANL Dashboard is 
being used at the Director’s Portfolio Review to identify emerging issues and take action 
to improve Laboratory performance and meet customer commitments.  Summarized 
dashboard metrics are accessible in a LANL Briefing Book that is accessible to LANL 
staff. There are six focus areas measured though the dashboard: mission; science, 
technology and engineering; operations; business; environmental; and institutional 
support. Each focus area has drill-down metrics that are to be updated monthly. 4

The Sandia ST&E SMU had developed a set of metrics in the late 1990s, but the 
implementation process was not institutionalized sufficiently to withstand management 
and staff turnover.  We can learn, however, from a Metrics Benchmarking Study the 
ST&E SMU completed in 2001.  The study was designed to address the performance 
measures and scorecards currently used by leading research organizations in managing 
science and technology efforts.  The study included 24 highly regarded research 
organizations chosen to represent a range of federally funded laboratories and private 
industry research centers.  A written questionnaire, telephone interviews and document 
exchange preceded a workshop.   
 
Together, the survey and interview and workshop data suggested strong, common 
concern about better measuring and demonstrating the relevance and value of 
S&T, including better measures of return on investment. Other interests and concerns 
included metrics to assist with portfolio decisions, portfolio management, balancing short 
and long-term research, risk management, forward-looking portfolio valuations, and 
assessments for process and program improvement along with many other topics. Several 
individuals noted a concern that metrics, having such powerful influences, must be 
developed and used with caution and prudence to avert unintended consequences. 

2.3  Measurement Tools – the Balanced Scorecard 
The current metrics project reviewed measurement models, as well as indicators and uses 
discussed above.  The 2001 benchmarking study found that the models most frequently 
used by federally funded laboratories were external peer reviews, program milestones, 
and balanced scorecard.  For private industry most frequent were program milestones, 
qualitative surveys (customer/employee, etc.), six sigma, and activity based costing. Our 
review showed that the balanced scorecard (BSC) method is the only one of these that is 
a comprehensive approach to measuring performance and driving organizational strategy. 
It can encompass these other methods and models. Developed by Kaplan and Norton, a 
BSC attempts to overcome a narrow focus on financial performance (or socio-economic 
outcomes for public entities) by incorporating other perspectives on the performance of 

 
4 See http://www.lanl.gov/news/index.php/fuseaction/nb.story/story_id/%2010197.
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the organization. A generic BSC showing the strategies being measured is shown in 
Figure 2.2.  
 

The BSC balances out four important perspectives: 

• financial performance (revenue/profit or mission)  

• the customer perspective 

• the business process perspective, and 

• the learning and growth perspective.  

 
Kaplan and Norton (1996, 2000) argue that the BSC is not simply a performance 
measurement tool, but a strategic management system. In developing metrics for all 
four areas, the BSC forces managers to focus on those aspects of the organization that 
are most important to future success. In this manner, the BSC helps managers 
translate strategy into operational goals, plan accordingly, measure performance in all 
areas and adjust strategy accordingly (Kaplan and Norton, 1996).  It is a management 
tool that can help align smaller scale organizational objectives, with larger scale 
objectives in the vision and strategy, as discussed in Section 1.3 . 

 

build franchise through
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Increase customer value
through customer
management processes

become a good
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Product Leadership
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The Strategy Map and Balanced Scorecard

(Kaplan and Norton 2000)  

Figure 2-2.  A Generic Balanced Scorecard and Strategy Map 
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Since its introduction, the BSC has been adopted widely across organizations and 
industries. While originally introduced as a tool intended for commercial organizations, 
the BSC has also generated interest in the public sector (Modell, 2004). With regard to 
R&D, including publicly-funded R&D, the BSC has found limited application, at least in 
the literature. Bremser and Barsky (2004) argue for a BSC approach to measuring 
performance in R&D that also integrates the use of the Stage Gate method.5 However, 
their particular formulation of the BSC focuses on the later stages of R&D and attempts 
to better link R&D to avenues toward commercialization, such as the design, production 
and marketing units of a firm. Similarly, Eliat, Golany and Shtub (2005) develop a highly 
quantitative formulation of the BSC for evaluating R&D projects and portfolio selection. 
Interestingly, they attempt to account for interactions between R&D projects, however, 
the metrics utilized in the BSC focus primarily on financial aspects. Jordan et al (2006) 
suggest different interpretations of the BSC for science and technology programs, for 
example, that innovativeness, speed of innovation, and cost savings from innovation are 
more appropriate than research cost savings and research productivity.  

In summary, The ST&E SMU metrics working group has chosen the balanced scorecard 
as the means to design and display a portfolio of metrics.  The balanced scorecard is a 
way of communicating the ST&E strategy to ST&E programs and staff, and collecting 
metrics data to assess the implementation of that strategy. A BSC builds upon what 
Kaplan and Norton call a “Strategy Map.” There is a quote from Alice in Wonderland, “If 
you don’t know where you are going, it doesn’t matter which road you take.”  Similarly, 
selecting a set of metrics without a map, that is, without an integrated framework for 
considering those measures, is not a good idea. Also note that we measure 
implementation of the strategy and plans.  Planning can be iterative but is basically about 
extending the strategic mission down to programs and staff.  Implementation reverses the 
direction, passing from staff up through programs to customers and mission.  So the four 
perspectives of the BSC provide required line of sight as shown in Figure 1-1. 
 

5 For a recent article by its inventor, see Robert G. Cooper (2008). 
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3. SUMMARY OF WORK COMPLETED TO DATE 

3.1  Overview of Work Completed 

Figure 3-1 shows a high-level timeline of work completed to date, and this section 
provides a summary of that work:  1) the initial Chief Technology Officer (CTO) tasking, 
2) initial design, and 3) implementation. More detail is provided in the sections that 
follow.   
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Metrics definition
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Implementation (data/analysis, improvement)
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Figure 3-1.  Timeline of Work Completed on ST&E SMU Metrics 

3.2  The Metrics Working Group and Its Charge 

The pressure to have more quantitative measures for ST&E, that is, hard credible data for 
evidence-based decisions, had been growing and in late Fall 2006 then-CTO Rick Stulen 
established an advisory group of Sandia senior scientists and social scientists with 
expertise in ST&E metrics and organizational change and charged the group with 
defining metrics and an implementation plan and “to get this right.” A new internal white 
paper on metrics for ST&E from Los Alamos National Laboratory was part of the 
learning process. Specifically, the ST&E Metrics Group was to (1) define a portfolio of 
metrics that help Sandia ST&E meet its strategic goals and (2) increase Sandia 
comprehension and appreciation of the creation and value of ST&E at the laboratories. 
The group was also to understand the importance of changing behavior (in positive 
directions, recognizing other incentives in the system), understand the data issues 
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(metrics reflect values, what/who/how to measure, application of the data), connect to 
Laboratory Directed R&D (LDRD) measurement for input, and practice due diligence 
with respect to other initiatives. 

The scope of this effort was limited to the major corporate goal ST&E supports, 
including LDRD, which is “Create breakthrough results through science and 
engineering.”  The plan was to examine best practices, speak with focus groups, and have 
a metrics plan to Sandia Science Advisory Board (SSAB) in 2007. A subset of the 
advisory group became the metrics working group after plans were set.  

3.3  Initial Design 

The metrics working group reviewed existing literature and their Sandia experiences and 
drafted a proposal for a portfolio of metrics using a balanced scorecard, a comprehensive 
approach to choosing and displaying metrics that is familiar to Sandians and described in 
Section 2.  The group drafted guiding principles and a preliminary phased 
implementation plan.  This was presented to focus groups in Albuquerque and California 
between February and June 2007.  Focus groups brainstormed concerns people had about 
metrics, got comments on the preliminary integrative framework, and talked more 
specifically about “metrics,” that is, data that could be collected that would indicate an 
objective had been achieved. Lastly (and briefly) the groups discussed the 
implementation of these metrics, because many concerns were related to that, not just to 
what would be measured.   

In Appendix B the feedback from the focus group sessions is loosely summarized in three 
general topical areas: (1) general comments and concerns about ST&E metrics and our 
process; (2) specific metrics concerns; (3) alternative or modified metrics of interest.  
People were anxious that the metrics process be a good one.  The metrics working group 
had already taken that into consideration, and that concern should remain a focus as the 
metrics process is implemented and refined.  The focus group input slightly modified the 
proposed small set of metrics, which is shown in Appendix B.  The 2009 balanced 
portfolio of metrics shown in a dashboard view in Figure 3.2. 

3.4  Implementation 

Early in the implementation phase it was decided that summary data was needed as soon 
as possible, so the metrics have been collected for the ST&E SMU organization as a 
whole, with differences shown for Research Foundations where feasible and useful.   

The Sandia Science Advisory Board (SSAB) has been instrumental in encouraging and 
reviewing the development of these metrics for the ST&E SMU.  A two slide summary of 
the resulting small set of metrics was presented to the SSAB in September 2007.  Work 
then began in earnest to populate the chosen set of metrics and show this set and the 
implementation plan to the SSAB in March 2008.  This comprehensive portfolio of 
metrics information was also introduced to the ST&E Council and to the Laboratory 
Leadership Team.  Response was very positive.  Additional metrics data were presented 
to the SSAB in September 2008 and March 2009.  Portions of the ST&E SMU metrics, 
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those by Research Foundation, were also used during RF External Review Panel 
meetings in 2008 and 2009.   
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Figure 3-2.  The Initial, Integrated, Balanced Bet of ST&E Metrics 

Trend data is being collected where ever possible.  Few benchmarks are available, 
although there is hope that agreements could be made with sister laboratories to develop 
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these. A system to set targets for the metrics has been defined.  Currently, targets are 
either “maintain steady state” or “increase from previous years.”  Status categories of 
“Meets expectations,” “Concern-Watch,” “Requires Management Attention,” are derived 
based on the current year as a percentage of previous years, adjusting that percentage by 
the amount of variation in the historical data.  “Quad” charts have been developed for 
some of the metrics to summarize why management sees the metrics trend to be an issue, 
and decisions made on what action is to be taken. 

The first Annual Metrics Report was completed in March 2009, in the form of a simple 
dashboard where it is possible to drill down to the metrics that make up those larger 
categories, such as “Value and Impact” and “Technical Excellence.”  The dashboard and 
metrics are posted on the ST&E SMU web site and updated quarterly with new 
information.  An operating plan has been written to complete the data collection on an 
annual cycle, standardize data collection and storage, and organize presentation and 
dissemination of the metrics data.  There will be a plan for quality assurance of the 
metrics data and analysis, and for reviewing the efficacy of the metrics effort in order to 
continuously improve it. 

The metrics have been incorporated into the Laboratories’ reporting system, Integrated 
Laboratory Management System (ILMS), and the yet to be completed PerformanceSoft 
measurement system. The chosen metrics have been incorporated into the evidence 
requested in the annual DOE Laboratory Appraisal system, the Performance Evaluation 
Plan (PEP), and Self Assessment (PEAR). 
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4. THE CORE METRICS PORTFOLIO AND DASHBOARD 

4.1  Defining Critical Success Factors and Metrics 
Our general approach was to look at best practices in ST&E metrics and “performance 
management,” which is to choose metrics that matter and relate to the ST&E strategy, 
that is, the mapping of strategies that underlies a good balanced scorecard.  The corporate 
Sandia metrics effort refers to these as Critical Success Factors (CSFs).  Measuring these 
factors and our success in achieving the ST&E SMU vision will provide the data that 
management needs to determine if we are “on track,” and where improvements are 
warranted.  This small balanced set of metrics is constrained by the intention to 
implement the process with minimum burden and maximum benefit.    

The complexity of the ST&E SMU that we are assessing places a premium on having a 
rigorous framework with which to define and understand metrics.  First we defined 
Critical Success Factors based upon the ST&E SMU strategic plan. CSFs are necessary 
elements for organizations to achieve their strategy. Metrics are then logically defined to 
assess achievement of CSFs.  

The Sandia ST&E SMU strategic plan (Sandia 2007)6 states that the ST&E SMU “will 
create, integrate and apply capabilities needed to address national security challenges.”  
The two Guiding Principles articulated in the plan can be adopted as CSFs:   

• Nurture the Core: ensure that the fundamental science and engineering core is 
vibrant and pushing the forefront of knowledge. 

• Enable the Missions: apply that science base to enable and deliver effective and 
innovative solutions to current needs and to anticipate future needs. 

Both these factors, which have been combined in the dashboard for simplicity, must be 
achieved through innovation and within realistic resource constraints of the nation and 
our ST&E sponsors, partners, and customers.  Therefore, we add as a CSF the ST&E 
SMU corporate Goal 3.0, drive innovation, and connect this to cost: 

• Drive Innovation. Achieve optimal ST&E value for given “cost”: produce 
breakthrough results through integration, innovation, and working smart, that is, 
provide optimal value.  

For guidance in defining appropriate sub goals for each CSF, we reviewed the ST&E 
SMU corporate objective, “Create breakthrough results through Science and 
Engineering.”  The vision of the “Transformed State” after achieving this objective is: 
 

We are an organization that continuously strives to be at the forefront of science 
and engineering -- we achieve and practice excellence in science and engineering. 
We do this through strategic investments in capabilities that yield differentiating 
strengths in areas such as high performance computing and predictive simulation, 

 
6 https://wfsprod01.sandia.gov/groups/srn-uscitizens/documents/document/wfs431138.pdf
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microsystems, and large-scale environmental testing. We fully embed 
computational simulation in all life cycle engineering activities. We accelerate 
discovery and innovation through strategic partnerships with industry and 
universities that integrate world-class science and engineering to create 
breakthrough results for our mission needs. 

 
Guidance was also derived from the criteria the Department of Energy uses to assess 
ST&E in the annual appraisal of performance.  We wanted to be able to map the critical 
success factors and metrics to the DOE criteria.  These four criteria are Quality of science, 
technology and engineering; Programmatic performance, management, and planning; 
Relevance to national needs and agency missions; and Performance in the technical 
development and operation of major facilities where that applies.   

4.2  A Portfolio of Metrics in a Dashboard 

As discussed in Section 2, we chose the strategy map/balanced scorecard (BSC) as the 
means to define and display a portfolio of metrics because it is widely recognized as a 
good method and Sandia has experience with it. Sandia corporate management and the 
ST&E SMU both have applied BSCs in the past that were abandoned for different 
reasons – new external requirements, insufficient use and usefulness, personnel changes. 
Several organizations in Sandia use BSC now, including Center 1700 and Division 
10000.  

There are usually four perspectives covered in a balanced scorecard.  We initially named 
these Value to the nation/missions (replacing Financial revenue in the private sector), 
Value to individual customers, Technical and operational excellence, and Capabilities 
and learning environment.  For each of these perspectives we defined measures initially 
in three areas:  Nurture core ST&E, Enable the Mission, and Drive Innovation 
(management practices).  Later we combined the two Value perspectives, so the ST&E 
SMU considers customers to be internal Sandia Management Units, external sponsors, 
partners, the ST&E professional community, and the Nation.   

The Nurture the Core and Enable the Missions aspects of performance were combined in 
order to simplify the dashboard to a two by three matrix.  Although we combined core 
and mission work, we recognize that progress in these types of work occurs on different 
time frames and is often measured differently.  The right hand column of the dashboard 
contains the management and collaboration aspects of performance.  If this dashboard 
were for a private company, aspects of strategy related to revenue generation would be on 
the left, and those related to cost and productivity would be on the right. 

Figure 3.2  shows the dashboard and displays the categories of metrics.  The color of the 
symbol attached to a metric  indicates the status of performance on the metric.  Section 
6.1 explains how status is determined.  The performance status in Figure 3.2 are from an 
early assessment of trends in the data.  The rows are the three BSC perspectives of 
Learning and Growth (Inputs), Excellence in Technical and Managerial Operations 
(Outputs), and Value to Customer and National Mission (Outcomes). The columns are 
the strategic objectives on the left side and the management actions to drive toward those 
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on the right side.  The resulting six areas are all Critical Success Factors for ST&E at the 
Laboratories.   

These metrics in the dashboard form an integrated portfolio of metrics. Achieving one 
metric is dependent on achieving several other metrics.  If expected funds were not 
received, outputs will not be produced.  Or program characteristics affect level of outputs.  
For example, outputs such as publications depend on the type of work and customer 
requirements.  Sponsors of basic research value publications.  However, classified work 
has security constraints, and analysis of publications must not penalize classified work 
for not publishing.   

4.3  The Specific Metrics 

Table 1 shows the specific metrics that are being collected within this dashboard.  These 
metrics were defined to be compatible with the Federal SMART metrics criteria (Project 
SMART, 2008), that is, metrics that are Specific, Measurable, Attainable, Realistic, and 
Timely.  Our overall deployment of the balanced scorecard is also compatible with the 
general recommendations of the recently completed Sandia corporate performance 
measurement study (Frost, 2007).  
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ST&E Strategy ST&E Capabilities 

Work Environment 
- Overall rating of the research environment, 

measured by  survey 
- Benefits of RF External Review, or other 

self assessment
External Reviews
- Annual number of expert/advisory 

reviews held
- Quality of reviewers
- % of expert review panel 

recommendations acted upon 
- External customer satisfaction 

Science Advances 
- Number of Peer-reviewed publications, 

SNL total;    And by RF and by 
discipline within RF  

- Number of SAND reports, classified, 
unclassified 

- DOE PEP rating for S&T (PO-5)
- LDRD Publications 
Technical Advances
- Intellectual Property: Number of technical 

disclosures, patent applications, 
patents issued

- Number of licenses awarded
- Number of R&D 100 awards Lab,  LDRD

Research Management ExcellenceTechnical Excellence

Technical 
- Number, percent of papers that are co-

authored internally, and  with external 
co-authors

-Presentations and Conference attendance
- Number and dollars of University 

Contracts
Industry
- Number of active CRADAs
- Amount of $ in CRADAs

ST&E Leadership and Stewardship 
- World citation factor by key discipline
- Number of professional society positions 

held 
- Number of professional society awards  
- Number of invited talks
- Number, characteristics of domestic and 

foreign visitors to SNL
Mission impact
-ratings and milestones met by STE reported 

by other SMUs in DOE annual report 
(PER)

-Accomplishments

Strategic Collaborations ST&E Value and Impact  

Table 1.  STE SMU and (selected) LDRD Metrics

WHAT we do HOW we do it
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5. THE ST&E SMU METRICS PROCESS 

5.1  Fit with the Corporate Schemes 
Metrics are one part of Sandia ST&E SMU performance assurance, along with other 
internal assessments and external peer review and advisory boards.  Sandia has 
implemented an Integrated Laboratory Management System (ILMS) that necessarily 
includes performance assurance as well as strategic planning and other management 
functions.  The elements of performance assurance are shown in Figure 5-1, along with a 
visualization of where the performance assurance process fits in the larger system.  

 

Figure 5-1.  Performance Assurance in Sandia’s Integrated Laboratory 
Management System (ILMS)  

 

An essential tool within any management system is the continuous improvement process, 
by which the management processes and the resulting products are periodically 
monitored and evaluated for alignment of objectives and results. Sandia uses its Assure, 
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Assess, and Improve Process (AAIP) to evaluate performance against the Strategic 
Objectives, Goals, and Milestones (OGMs) of the organization.  Earlier it was mentioned 
that the ST&E SMU metrics (Table 4.1) describe performance toward Goal 3.0, Driving 
Innovation.  Thus at the level of the ST&E SMU the corporate process has been 
replicated.  At the corporate level, the AAIP builds on CG100.2, Develop and Implement 
the Strategic Plan and CG100.2.2, Develop and Maintain Objectives, Goals, and 
Milestones, to facilitate prioritizing and executing the essential activities associated with 
monitoring and improvement of the planning and maintaining of OGMs. 
 
Sandia Laboratories is deploying the PerformanceSoft Views7 application to address 
recent performance management assessment findings (Frost Report 2007).  The 
application enables Sandia to capture, summarize and aggregate performance 
measurement metrics from across the Laboratories.  Using PerformanceSoft’s data 
visualization tools (scorecards, “books,” drill-down hierarchies), Sandia management 
should be able to quickly assess the organization’s performance.   
 
The plan is for PerformanceSoft Views to become an integral part of ILMS where all can 
access the information relevant to them.  There has been delay, however, while work is 
done to improve the selection and visualization of metrics data within ILMS and address 
concerns expressed in a Value Stream Analysis in March 2009 on Performance 
Measurement. These concerns included: Complex management and oversight structure 
drives undesirable complexity in performance management structures.  The hierarchy 
represented by the current, uncoordinated performance management strategy, including 
structure, alignment, terminology, measures, metrics, OGM, and milestones, isn’t clear.  
Lack of a system approach allows an unhelpful explosion of measures, processes and 
tools. The current imbalance of qualitative versus quantitative measures and direct/ 
indirect program emphasis needs correction (Sandia 2009).  
 
The structure for viewing information at the Corporate level currently has ST&E as part 
of Enable the Mission, alongside Direct the Mission and Corporate Governance,” as 
shown in Figure 5-2. 

 
7 http://www.actuate.com/products/performancesoft/. Views (PerformanceSoft) is currently in 
use at Los Alamos National Laboratories. 
 

https://my.sandia.gov/authsec/portal/cps/corporateGovernance/policy/process/procedure?procedure=CG100%2E2%2E2&section=all
https://my.sandia.gov/authsec/portal/cps/corporateGovernance/policy/process?process=CG100%2E2&section=all


Description of SNL Science, Technology & Engineering Metrics Process 
 

01/20/2010 21

Figure 5-2.  Performance Assurance in Sandia’s Integrated Laboratory 
Management System (ILMS)  

 

5.2  Fit with Corporate LDRD Metrics  

The Sandia LDRD Office has collected quantitative and qualitative metrics data for 
years.  They had developed a scheme for categorizing these metrics just prior to this 
ST&E SMU metrics effort, and the metrics working group and LDRD Office are still 
working to reconcile the two sets.  The content is very similar, but the frameworks differ. 
For purposes of PerformanceSoft Views the current scheme includes both ST&E SMU 
metrics and LDRD metrics. 

The LDRD office categorized LDRD program metrics from three sources, (1) Annual 
Report project summary (submitted by Principal Investigators), (2) Final project review 
quad chart (submitted by Principal Investigators and Investment Area managers), and 
completed project metrics (submitted by Principal Investigators).  The LDRD program 
collects metrics on its inputs, processes, project outputs, and program outcomes.  Output 
or outcome metrics were organized into broad outcome categories, and LDRD 
Investment Areas were provided metrics data for verification and information.  The 
resulting set of metrics is shown in Figure 5-3.  Only two of these LDRD metrics are not 
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specifically in the ST&E SMU dashboard shown in Table 4.1.  These are “insertion into 
the current program and “follow-on new projects.”  These were considered for the ST&E 
SMU but eliminated to get to a smaller set, with the assumption they could be included in 
general “accomplishments” metric.  

 

Broad Outcome 
Category 

Outcome Subcategories 

S&T Leadership S&T 
Advance 

External 
Recognition 

Bibliometrics Professional 
Awards 

Technology 
Transfer 

Patent 
Application 

Patent 
Issued 

Copyright  

Mission Support S&T 
Insertion 

New Project New 
Capability 

New Staff 

Strategic 
Partnerships 

External 
Collaboration

CRADA   

Figure 5-3. Sandia LDRD Impact Metrics Portfolio 

5.3   Overview of the ST&E SMU Metrics Process 

The ST&E SMU metric collection, analysis, and communication process supports 
reporting and management action. The process is a “work in progress” and was designed 
and will be continuously improved using Guiding Principles that summarize concerns 
from focus groups (See Appendix B), working group experience, and the literature.    

• Operate in an objective manner and always analyze in light of context, so that 
everyone is treated fairly. 

• The process will be transparent to everyone and continuously improved. 

• Use multiple measures of value that address both shorter term and longer term 
factors critical to success.  

• Recognize that projects/programs are different and do not each contribute to each 
metric.  

• Maximize the benefits and minimize the costs, both for the overall system and for 
individual metrics.  

Figure 5-4 shows the ST&E SMU process from beginning to end.  The intention is to use 
existing data and collection processes whenever possible, including data from Human 
Resources, the Intellectual Property office, and materials prepared for external reviews. 
ST&E SMU office staff must restructure as well as mine the existing data.  For example, 
reorganizations mean trend data requires mapping people to RFs year by year and full 
name of authors must be found to display publication data by RF.  Doing this provides 
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refined data for the Directors to use for other requirements, such as quarterly reports on 
high level ST&E risks.  When data calls to managers and staff are made, attempts are 
made to coordinate similar requests and keep the frequency to once per year. 

The ST&E SMU Office will develop and maintain a repository for metrics and 
assessment information thus ensuring some coherence and easy accessibility.  The 
metrics information must be useful and used by Center and RF Directors, the LDRD 
Office, and ST&E SMU management.  Metrics data managed from this perspective 
provide consistent information for decisions and communication in the Sandia Assurance 
Process which includes Objectives tracking, DOE Performance Reporting, and ST&E 
SMU Risk, LDRD, and University assessments.  Metrics data can also be used for ST&E 
SMU Council planning, external advisory and review board discussions, and external 
communications such as reports to DOE or Congress.  

SNL Management 
Assurance Process

SMU Council 
plans

External
Communications

Center & 
RF Directors; LDRD

SMU Risk, LDRD, 
Univ. Assessment

Advisory/ Review 
Boards

ST&E SMU 
Management

Fewer, more 
coordinated 
data collections

Metrics & Assessment Repository

(Fewer) Fire drills

Consistent information for 
decisions & communication

Concentrated source for coherent 
management information

DOE Performance 
reporting (PEP)

Internal & external 
use by Directors, 
managers

Metrics Metrics
Analysis

In-depth 
studies

Data calls
to staff

Mine existing 
databases

SNL objectives 
tracking

Internal & external use 
by SMU, Councils

Basic data

Assess and 
improve 
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Basic data

Assess and 
improve 
metrics

Figure 5-4.  ST&E Metric Collection, Analysis, and Communication Process 

5.4  The Annual Data Collection Process 

We have established an annual process for collecting an analyzing basic metrics data, 
shown in Figure 5-5, that guides the implementation process described in Figure 5-4.  
Systematically gathered data on an annual cycle are necessary for sustaining the metrics 
strategy. The annual cycle reflects the fact that data becomes available at different times 
of the year, and respects the need for work to be spread across the year to maintain a 
balanced ST&E SMU staff effort for the metrics process.  The data collection drives the 
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analysis, as well as ongoing management requests for information. Basic analysis can and 
should be performed at the time data is collected and displayed. Periodic reporting will be 
performed on a regular schedule according to requirements, but at a minimum the metrics 
dashboard will be updated quarterly.  Deeper analysis, and response to varied demands 
can be done as needed and on a flexible schedule.

It is understood that as concerns arise, data will be collected on additional metrics in 
these areas. One area already identified is extending basic measurement to the classified 
mission component of Sandia.  Furthermore, as we continue to develop specific 
definitions for metrics, the intention is to use both simple numbers, such as number of 
staff with Ph.D.s or number of publications, or more complex metrics such as ratios of 
publications and number of staff, as well as qualitative data, such as ratings by DOE of 
ST&E performance in mission areas. The intention is that both quantitative and 
qualitative data will be as objective, independent, and unbiased as possible.  Contrary to 
what some think, qualitative data, such as might be gathered in a well designed survey 
process, can be objective and quantitative metrics can be subjective, such as numbers 
based on self reported data by the persons whose performance is being assessed.  

 

Q1 Q2 Q3 Q4
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Figure 5-5.  Timeline of Annual Data Collection, Analysis, and Reporting 

5.5  Data Analysis 
The metrics data must always be accompanied by some descriptive analysis of what the 
data show.  The people viewing the metrics data often will not have time to do this 
analysis.  The analysis also ensures that observers all see the same things.   
 
Since we are giving people snapshots, and limiting the amount of data we show, analysis 
will often add to the metrics information shown.  For example, our metric on publications 
shows data for multiple years by RF.  Since we cannot show total publications on the 
same scale, total number of Sandia publications and how that has changed is noted in the 
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explanation next to the chart.  Explanations are also included in the spreadsheet that holds 
the graphic, and on notes pages of slides.  
 
In some cases there are “nested” sets of data on a single metric where additional 
disaggregated data is available in slides that “drill down” from SMU to RF, for example, 
or from total publications to publications by discipline and sub discipline.  Or it could be 
that the sets of data are different aspects of the same data at the same level of aggregation.  
For example, the metrics data on the ST&E SMU portfolio provide basic data on the total 
dollars spent that year by RF.  The percent of work by categories of Basic, Applied, and 
Development research is another view of the same dollars.   
 
In other cases analysis may take the form of root cause analysis. Here “digging down” is 
developing deeper understanding of “Why” the current status of a metric is what it is.  
The question might be “Are there the right ST&E inputs in place to generate the desired 
outputs?”  
 
Some basic accepted rules underlying and constraining ST&E SMU metrics data analysis 
are: 

• analysis should be accurate and unbiased, discussing only what can be 
legitimately concluded from the data 

• analysis must account for normal variance in the data 

• analysis should attempt to separate the signals from the noise, that is, the 
important from the less important 

• generally speaking, it takes at least 7 data points to declare that there is a trend 

There is also analysis and interpretation of the metrics data as it is presented to ST&E 
SMU management for discussion, particularly by those familiar with the data and its 
context.  For example, RF Directors can provide interpretations of any emerging trends in 
historical data on costs or publications by RFs.   

Typical questions to be aware of and discussed when metrics data are reported include:  

• Do the data seem accurate and valid to those who know the program well and 
would use the data? 

• What is normal variation in this metric? Is there a trend and if so, what is the 
trend? 

• How does measured performance compare to what we want or expect? 

• What other metrics and data shed light here? 

• WHY are these data the way they are, that is, what are root causes?  

ST&E SMU metrics data analysis has important challenges that influence the type and 
strength of conclusions that can be drawn.  These include: 

• Measuring at the appropriate level of aggregation (often the breakdown of data is 
more useful (and accurate) than gross numbers) 
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• Prioritizing the information we are working to understand more deeply (e.g., root 
causes), as well as the questions we are trying to answer, given time and other 
resource constraints.  

• Understanding sophisticated and coupled information. 

5.6  Data Format and Display 
Recognizing that these metrics will be shared and potentially viewed by a diverse 
audience, it is imperative to maintain a consistent presentation format.  In this final 
format, as shown in Figure 5-6, every produced metric should include: 

• A graph or graphic depicting the result. Graph types will vary with data types and 
characteristics of metrics. Graphs should maintain a common look and feel across 
all metrics (colors, fonts, etc.), and graph types should change across reporting 
periods only when absolutely necessary. 

• The data source, e.g., ThomsonReuters ISI. Include contact information when 
appropriate. 

• The data table from which the graphic was produced, when applicable, e.g., in 
Microsoft Excel. 

• A description of the metric. 

• A description of how this metric fits into the PerformanceSoft framework, if 
applicable. 

• The analysis and interpretation of the result. 

• A narrative that includes any data cautions or relevant details critical to 
understanding the metric along with  
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Figure 5-6. Elements of Each Metric when in Final Form 
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5.7  The Process for Developing Individual Metrics 
The first time a metric is collected, analyzed and displayed is a learning process for all of 
the stakeholders.  We have a plan for how this process will be done to ensure that we 
have quality information in a consistent format so that people accessing the information 
can interpret and use the information appropriately, as well as easily drop it into a 
presentation or report.  Figure 5-7 depicts processes for both emerging and mature 
metrics. 
 
Infrequently, one will find that other groups at the laboratory have applied significant 
effort examining a set of data and thus the amount of work required reduces simply to 
locating these people and the work.  More commonly, an analyst will locate raw data and 
then will be required to transform the data into meaningful information. For instance, 
ThomsonReuters (formerly ISI) annually provides the Laboratories with an updated 
database of peer-reviewed publications. However, because of limitations in the data 
format, publications must first be matched from the database to on-roll staff members at 
the laboratory.  In this case, the metrics team developed custom software tools to merge 
the annual publication data with human resource data to create a meaningful list of 
authors and their organization number within an acceptable rate of error. While this is 
perhaps an extreme example, it illustrates that new (or emerging) metrics sometimes 
require considerable time and energy during the collection and development stages. 
Through experimentation and team evaluation, the development stage of an emerging 
metric yields a repeatable process that streamlines work during subsequent reporting 
periods.  A metric is considered mature when the process clearly defines the data source, 
final presentation format, and outlines the work required for production and analysis of 
that metric.  
 
The intention is that definitions and the data collection process are clear and standardized.  
While most metrics will be quantitative, few are simple numbers with simple targets 
applying to an obvious set of people or work.  For example, number of patents granted is 
influenced by the type of work and corporate patenting strategy. Thus cautions about the 
data and its use need to be attached to the data.  Further, qualitative information such as 
that from expert judgment, surveys, and interviews, will require accessible links to full 
reports, rather than just single adjectival ratings or sparse summaries. 
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Figure 5-7.  Process for Developing New vs. Mature Metrics 

5.8  Continuous Improvement 
Resources are required for the complicated process of collecting, analyzing and acting on 
a metrics portfolio that is assessing a complex organization.  The success of this metrics 
effort depends on judicious use of resources and balancing the usefulness of data with the 
burden of collecting it, as well as use of the metrics by all levels of management.  
Management and metrics staff must resist the temptation to measure everything.  Further, 
expensive in depth analysis must be prioritized.  For example, for now, costly 
retrospective studies of ST&E impact (outcomes that can be attributed to Sandia’s work) 
will not be done.   
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As the metrics project matures, we expect the costs of ST&E SMU metrics staff time to 
decrease.  Additionally, algorithms are being written that will reduce the person-hours it 
is taking initially to clean data and organize data, such as binning Center/ department data 
into Research Foundations.  The ST&E SMU repository built for all performance data, 
including these metrics, and its accessibility to the SMU and SMU Directors, will reduce 
the fire drill characteristic of data responses to various queries and reports.   
 
Continuous improvement depends upon active participation of stakeholders, both the 
managers who utilize the data and the people whose performance is being assessed.  
Sustained commitment of senior managers to developing, using, and improving metrics is 
essential for success. Input from other stakeholders on how the metrics process is or is 
not providing benefit to them will help formulate plans for improvements. 
 
There is a vision of the journey to an optimized and sustainable metrics system for the 
ST&E SMU. Maturation of performance metrics has already proceeded from ad hoc 
collection for external requests to planned annual data collection and reporting. Optimally 
this will move to the point where performance metrics are systematic and applied for 
improvement.  This progression is shown in the Metrics Maturity Model in Figure 5-8, 
developed by Bob Frost of Measurement International.   
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some trend analysis

• Impact some 
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Model and excerpts from Measurement International, 2007 
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Figure 5-8.  Increasing Metrics Maturity 

 

Continuous improvement is one of the key factors in sustainability of a metrics process. 
To achieve this, we must implement an ST&E SMU metric process that also evaluates 
the metrics portfolio and implementation process. Factors that contribute to quality 
improvement of the ST&E SMU metrics process include:  

• Plan in partnership with stakeholders; 
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• Implementation starts small and grows carefully;  

• Subject the metrics portfolio and implementation plan to expert review, and revise 
as needed;  

• Devise a lessons-learned component and document the findings; and 

• Assess the metrics process annually with participation of various stakeholders and 
develop an action plan for improvements in next cycle. 

Metrics data must be collected and analyzed carefully and we must be mindful that 
analysis not only responds to questions but will surely generate further questions.  Our 
process must remain flexible and open to excursions in data collection and analysis to 
meet evolving needs of the ST&E management team. 
 
Current issues we have identified are discussed in the next section.  These issues are: 

• Utilization of ST&E metrics (setting benchmarks and targets, management use 
and role in driving behaviors); 

• Assuring data quality; 

• Adding additional metrics; and  

• Improving linkages among metrics. 
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6. LOOKING AHEAD 
This report documents and communicates the results to date of the metrics project. Our 
future progress requires that the metrics working group assist with, and track, the 
application of metrics data and analysis. The group must also complete, monitor, and 
improve measurement of the initial set of metrics, both individual metrics and integrated 
analysis, and build a coherent and accessible repository for the metrics.  This section 
looks ahead at our plans for accomplishing these requirements. 

6.1  Setting Targets and Using Metrics to Drive Behavior 
By definition a metric is a unit of measurement that has a base level defining where you 
are, a target defining where you want to be, and some notion of the time frame for 
achieving the target.  Setting targets can be better understood with measurement 
underway and information systematically communicated. 
 
Targets, also called benchmarks, reflect the desired future state for a metric. Thus they 
are the means of determining whether the measured state of a metric shows progress 
toward the targeted state and the extent of the remaining gap.  
 
Targets can be determined in several ways, but the ultimate responsibility for setting 
targets rests with Sandia management.  But management needs information on what is 
feasible and desirable in order to drive desired behaviors.  In some cases, there is 
empirical evidence that more or higher is better, so a general directional trend can be used. 
Of course, we want to know we aren't near some “maximum or minimum.”  For example, 
there is evidence that a higher percent of industrial cost share in a federal technology 
development project means increased likelihood that ST&E will later be further 
developed by industry and thus have an impact on products and the national economy. In 
other cases, an organization may be widely seen as successful, say in building revenue, in 
part because of its exceptional delivery system, and we could use characteristics of that 
delivery system as targets for our delivery system if that were important to our success.  
In yet another case, targets can be determined by looking at what others similar to us in 
mission space and in this specific metrics area have been able to achieve.  For example 
we could compare our physics publications to those of Los Alamos National Laboratory, 
although it would be best to normalize the data first for number of Laboratory staff who 
publish in physics.  
 
Setting targets relates to resource allocation.  Success in achieving targets, and goals 
generally, requires that the system have appropriate resources and incentives in place, of 
which ST&E SMU metrics are a part.   
 
Until we undertake a more careful search for benchmarks, perhaps by engaging our 
strategic partners or other laboratories, we are relying on comparisons across time, and 
across organizational units within the ST&E SMU, and in a few cases with similar 
external organizations.  Our system of scoring performance is based only on comparison 
across time, with most metrics data defined such that the same or more satisfies 
expectations and that decline is cause for concern.  Scoring is a percentage of the prior 
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year measurement, or percent deviation compared to the average of the past 5 years.  The 
range of the percentage of prior year measurement is larger if variation is larger. For 
example, if there is large variation, “Meets expectations” may be “greater than 60 percent 
of the prior year measurement” rather than the typical 80 percent of prior year. The 
performance score designations and colors are shown in Figure 6-1. Overall performance 
is a weighted average of the six measurement areas under it. 
 

Meets expectations
Concern-Watch
Requires management attention
Insufficient data or targets not established

Meets expectations
Concern-Watch
Requires management attention
Insufficient data or targets not established  

Figure 6-1.  Scheme for Scoring Performance 

 

We are proposing that a “Quad chart” be developed after management discussion to 
summarize the status of a metric, the issues and a path forward, particularly if 
expectations are not being completely met.  An example from actual data is shown in 
Figure 6-2. 
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Figure 6-2.  Example of a Quad Chart Reporting Metric Status, Path Forward 
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At the beginning of this effort, the ST&E SMU metrics working group proposed uses of 
ST&E metrics based on best practices in performance based management. While there 
has been considerable progress in metrics being used for external review panels and 
advisory boards at DOE, SMU and RF levels, there needs to be more management 
discussion on how to integrate these metrics into the strategic management processes and 
the existing laboratory incentives structures. 
 

The original proposal for management utilization is as follows:   

• Selected metrics, where they apply, will be part of the reward system (e.g., 
PMFs), from VP to staff member; 

• Annual consideration of the dashboard by the ST&E Council to be input to 
Strategic and annual performance plans  

o After consideration by individual research foundations and affected 
Centers so this can be input for Council 

o Consider along with other data such as Risk Assessment, Customer survey 
data, and Peer Review reports; 

• An annual corporate response and action plan that encompasses all performance 
information and reporting; 

• Annual report to LLT and Sandia Science Advisory Board on accomplishments, 
value to customers and mission, and capabilities now and for the future; and 

• Dashboard available on ST&E home page, with current status of metrics and 
ability to drill down for more explanation. 

6.2  Assuring Data Quality 
While we have been conscientious about data quality in the metrics effort to date, the 
intention is to define and implement a more formal data quality assurance plan during the 
next year.  Poor quality data leads to user/customer dissatisfaction, increased operational 
cost and less effective decision-making.  Since much of the metrics data come from 
corporate sources, or in the case of publications are purchased from a private firm, this 
quality assurance plan must extend to the data of others as well as those the ST&E SMU 
requests or generates. Data cautions will be provided for each metric, such as a very brief 
summary of expert opinion on the problems with any citation impact data. 
 
We will define data quality broadly.  “Data are defined to be of the required 
quality if they satisfy the requirements stated in a particular specification and 
the specification correctly reflects the implied needs of the user.”8

As Marlman points out, Wang, an expert in this field, details a hierarchical approach to 
data quality based on data quality attributes, dimensions and categories.9 Data attributes 
 
8 Marlman, Karen, Sandia, 1999 
9 Richard Y. Wang, Co-Director Total Data Quality Management (TDQM) at MIT, 
http://web.mit.edu/tdqm/www/contact.shtml 
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are defined as a set of characteristics required for the objective and measurable 
assessment of conformance and utility, and hence for the relative assessment of data 
quality.  
 
Commonly used characteristics include accuracy, completeness, consistency, reliability, 
timeliness, uniqueness, validity.  Data quality dimensions are a set of data quality 
attributes, and categories are inherent groupings of dimensions.  Figure 6-3 shows this 
hierarchy of Wang’s. The four categories of data quality are 

• Intrinsic 

• Contextual 

• Representational 

• Accessible 

Each of these is defined further by the dimensions below it. 
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Figure 6-3.  A Data Quality Hierarchy (Wang, MIT) 
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To develop the plan for data quality assurance, we intend to use Wang’s hierarchy to (1) 
identify relevant data quality attributes to the ST&E SMU metrics process, (2) determine 
our data quality priorities, and (3) assess current data quality.  The “fitness for use” 
contextual dimension will be as important as the intrinsic dimension because we know at 
the outset that high standards for absolute accuracy are not feasible in the case of ST&E 
performance metrics.   
 
If assessment shows that data values do not correspond to actual values or are not 
pertinent to the task of the data user, we will look at data specifications, acquisition of 
data, and fundamental data processes.  If assessment shows that data are not clear or not 
obtainable by users, we will look at where data does not conform to specifications, the 
manipulation of data, and technological processes.  

6.3  Additional Metrics 

6.3.1  Technology Readiness Levels for Technology Programs 
An obvious gap in our current set of metrics is a metric that shows progress of the 
technology development work within the ST&E SMU.  Current metrics for progress or 
outputs (publications) cover the science side of ST&E but not the Technology and 
Engineering side.  One common way of communicating the current status, and thus over 
time progress, of technology development or engineering is Technology Readiness 
Levels (TRLs).  Readiness levels move through prototypes of increasing scale, where 
each prototype has measures of technology performance/ functionality and cost in a 
specific use and intended operating environment. Rather than try to follow specifics such 
as number of prototypes developed and tested successfully and changes in performance 
and cost, the intention is that Technical Advances in “Enabling the Mission” will be 
measured in part by discussing progress through the Technology Readiness Levels shown 
in Figure 6-3.  How many technologies, and/or what percent of technologies, have moved 
from one stage to another, by technical area?  TRLs are used by Department of Defense, 
NASA, and other organizations.  However, not enough Sandia organizations use TRLs 
for us to have this as a metric at this time. 
 



Description of SNL Science, Technology & Engineering Metrics Process 
 

01/20/2010 38

 

Figure 6-4.  Definitions of Technology Readiness Levels (TRLs) 

6.3.2  Exploring Use of Data Mining to Display Relevance 
We are exploring the use of LDRDView, a text-mining tool that is an application of work 
in Informatics in Center 1400, to describe overlap of Sandia University contracts and 
Programs to show relevance of the University research to the Sandia mission.  SSAB 
requested that we look at the relevance of university contracts and publications, in 
addition to counting these.  Relevance in this case is the overlap of the subjects being 
researched in current Sandia contracts with Universities and descriptions of Sandia 
program missions.  Potentially this data mining tool could help us look at relevance of 
publications and even statements of accomplishments. 
 
ST&E SMU metrics staff entered the statements of work of all active University 
contracts and narratives describing programs received from Mission program managers 
into the LDRDView tool. The LDRDView Tool has a text analysis engine that identifies 
“concepts” (using syntax rules to form chunks of text that reflect content) contained in 
documents and determines how similar they are to one another.  It displays nodes with 
high similarity values close to each other.  The tool allows you to zoom in and out to see 

TRL1 Basic Research 
“Experimental data revealing useful information about the basic 

principles observed” 
TRL2 Applied Research 
“Model that explains the underlying science and how it could be 
applied to solve a particular application’s problem” 
TRL3 Research Result 
“Experimental or analytical demonstration that shows that the key 
elements of an approach are likely to be feasible” 
TRL4 Research Demonstration (Lab demo) 
“Experiment in a Laboratory” 
TRL5 Research Prototype (Demo Unit) 
“Looks like a Product, Hand-built by PhDs, Breaks a Lot” 
TRL6 Engineering Prototype (Alpha Unit) 
“Research Prototype that is Rugged and Repeatable” 
TRL7 Flight / Field Prototype (Beta Unit) 
“Engineering Prototype that is Reliable and Manufacturable” 
TRL8 WR / Hi-Rel (Production Unit) 
“Field Prototype that has cost “wrung out” (if applicable), and has 
completed qualification” 
TRL9 Proven Product 
“Product that has been used successfully in a system before and is 
being adapted for use in a similar application. 
 
Source:  http://trl.sandia.gov/test_forms_app.swf 
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different levels of detail, all the way to a specific contract’s title, statement of work, and 
originating Center. 
 
Figure 6-5 is an example of the output of this tool.  Programs are yellow squares and 
contracts are pink squares. It shows in this case that there is little overlap with NW 
programs, considerable overlap with Homeland Security & Defense (HSD) and Defense 
Systems and Analysis (DSA, upper right), and some overlap with the more science-
oriented areas. A higher level of detail shows that much of the funded University work 
related to HSD and DSA is in the area of computer and information systems.  Work in the 
area of energy security is also near to the HSD and DSA program areas. In even finer 
detail, lines show the relationships between contracts and programs, including contract-
to-contract and program-to-program overlaps.  Each contract has five nearest neighbors 
and lines drawn between these.  The strength of these relationships differs and the tool 
allows you to examine these strengths and to set the default level of strength to appear on 
the screen. 
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Figure 6-5.  Mapping Similarities of Content in Sandia Programs and University 
Contracts  
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6.3.3  Improving Ways to Collect information on Value and Impact 
Measurements of value and impact are difficult for ST&E programs.  We would like to 
improve on the current situation of using anecdotes and an occasional expensive and 
limited in-depth study of the impact of a body of research.  There are two possible 
approaches.  One is to develop quantitative indicators of customer impact.  The other is to 
improve on qualitative assessments. 
A simple leading quantitative metric related to value to customers is assessing whether 
SMUs, such as NW, or corporate thrust areas have generated and communicated a time-
phased roadmap for their technology needs, spanning both near term and very long term, 
so that it bounds the time horizon for all things "technology".  These could be product 
technologies, assessment technologies, or process technologies. Such roadmaps, if well-
communicated, guide technology developments that are linked to longer range corporate 
obligations.  Having metrics around effective communication of technology needs could 
be an indicator of success in delivering technologies in the future that allow those 
customers to succeed. More structure could be added to this by identifying TRL levels to 
be achieved by a certain date, and in some quantitative way, illustrating progress toward 
those levels.  This is complicated by the fact that TRL levels are not determined 
independent from application, so they may not be adequate as isolated technology metrics. 
 
A possible lagging indicator could be the number of "breakthrough" system / component 
concepts that have occurred solely through the innovative thinking of the S&TE 
community.  These aren't necessarily things that the customer or user knew to ask 
for.  They might not have even fit their paradigm of a system or component solution, but 
when the "breakthrough" occurred, they enabled folks to engineer different solutions, 
ones that offered advantages that had not been anticipated.  A related metric used by 
industry, though not necessarily requiring a revolutionary breakthrough, is  “percent of 
R&D/ST&E embedded in a final product.”  
 
As for more qualitative metrics, rather than in-depth studies such as those explained in 
the DOE Overview of R&D Evaluation Methods (2007), the plan is to improve on 
anecdotes.  Anecdotes can be collected from lists of Awards, Annual Lab 
Accomplishments, Sandia Annual Report, Sandia Technology (a quarterly collection of 
Sandia Lab News Stories), the LDRD Brochure (from LDRD Day), Science Matters, 
briefing materials from President and Vice President All Hands Sessions, and materials 
prepared for Expert Review, performance review and Center websites. 
 
We have proposed supplementing these sources for anecdotes, and completed one pilot, 
of “value nuggets,” adapted from a successful multi-year effort of the DOE Office of 
Basic Energy Sciences.  These could possibly be collected at the Department Manager 
level annually. Staff could use material submitted for many other purposes, and the 
LDRDView tool could be used for summary display of the information.  
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A value nugget is a short statement (150-300 words) written for the informed lay person 
that  

• Summarizes what has been accomplished, 

• states the significance of this accomplishment in terms of “change in the state of 
the art and/ or centrality to field or problem solution, 

• says how this has been gainfully used and by whom (in particular for NW, NSTS 
and external customers), and  

• how this can be used in the future and by whom.   

There are both science nuggets and technology/engineering nuggets.  Value of science 
advances (nurture the core) includes value of knowledge or research tool or technique to 
ST&E community and/or value to business units.  Value of technology and engineering 
advances (enable the mission) includes value of a product (widget or component for 
widget, algorithm, software, engineering approach, etc.) to business unit or external 
customer.  
 
Here is an example of a Value Nugget, excerpted from a two-page Science Matters piece 
and edited by a knowledgeable staff member.   
 

Improving Resource Allocation on Supercomputers 
In collaboration with researchers from the State University of New York-Stony 
Brook and the University of Illinois-Urbana, Sandia has developed an 
innovative solution to resource allocation for parallel processing on 
supercomputers, the Compute Process Allocator (CPA).  In experiments, the 
optimized node allocation strategy employed by CPA increased throughput by 
23 percent, in effect, processing five jobs in the time it normally takes to 
process four. For its superior strategy and scalability over other allocators, the 
CPA won a prestigious 2006 R&D 100 Award. The CPA's innovative solution 
was carried to the commercial sector in 2005 when CPA was licensed to Cray 
Inc. The breadth of impact has been extended through software licensing to 
numerous laboratory and research centers that bought XT3 systems from Cray.  

6.4  Linking Inputs, Outputs, and Value to Customers 
If metrics data are truly to influence decisions and improve performance, this feedback 
loop that connects inputs (staff, technical infrastructure) to outputs (knowledge and 
products) to outcomes (value to customers and the Nation) must be present and utilized.  
Current metrics for impact are lacking, and the view at a corporate level connects inputs 
to outputs to value to customers and the Nation at only a very gross level.  This link could 
be done more easily for a thematic research area, such as Microsystems and Engineering 
Sciences Applications (MESA), and smaller organizational units, such as RFs or Centers.  
 
For example, for MESA Figure 6-6 shows a measurement strategy that makes the 
linkages between expenditures, categories of capabilities, products and utilization, and 
impact.  This is drawn from MESA documents, but is a schematic developed by ST&E 
SMU metrics staff.  Figure 6-7 is this same scheme showing more detail. 
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Figure 6-6.  Scheme for Interconnected Metrics 
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Figure 6-7.  Example of Interconnected Metrics (Incomplete) 
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7. CONCLUDING REMARKS 
This report provided an overview of why the ST&E SMU established this strategic 
measurement dashboard and metrics process.  Section 2 provided some background on 
metrics for ST&E programs from existing literature and past Sandia efforts related to 
metrics, looking for best practices such as balanced scorecards.  Sections 3, 4 and 5 
provided a summary of work completed to date, specifics on the portfolio of metrics that 
have been chosen and the implementation process that has been followed.  Section 6 
looked forward to plans for the coming year to improve the ST&E SMU metrics process. 

This is a work in progress.  The ST&E SMU metrics team remains committed to helping 
establish a metrics process that is useful and used for management decisions and 
demonstrating the value of ST&E here at Sandia.  Comments and suggestions for 
improvements are welcomed.   
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APPENDIX A -- DETAIL ON ST&E SMU METRICS 
 

Metric Definition and Data/Data Series 
 

Period & Trend 
Representation 

ST&E Strategy 
ST&E Portfolio 
Description (funds 
expended, 
characteristics of 
work) 
 
B-A-D-O is Basic, 
Applied, or 
Development 
Research and 
Other (primarily 
Production) 

SMU Annual Costs (trend):
1. Total SMU By RF and other 
groups 
2. by NW/NSTS/LDRD 

Annually, starting FY2005; 
In FY07$$; 
As % of total SNL $$ 
From Reportville 

SMU Annual Costs across 
B/A/D/O  
1. Total dollars in SMU, and % 
allocation of total 
2. By RF  
LDRD project characteristics 
4. % Discover-Create-Prove 
5. S&T challenges 
6.  Project size 

Trends 
Annually, starting FY07; 
In FY07 $$ 
Small data call 
 
Annual LDRD reports 
 

ST&E Planning SMU Annual Planning milestones 
1.  Number of RFs with current 
strategic plans 
2. % of Milestones met of ST&E 
O/G/Ms 

Annual, could report 
quarterly  
 
SMU office tracking 

ST&E Capabilities 
Staff 
(hiring, retention) 

SMU Trends in Hiring and 
Retention 
1. Number of new hires by job 
class, by center, for total SMU 
2. Number of new hires by category 
(permanent, postdocs, foreign-
nationals) in FTE, Interim, LTE) 
3. Quality: % of Tech Staff with 
PhDs 
4. Retention: the percentage of staff 
leaving Sandia 
5. % leaving the SMU –Center 
transferred from and to 
 
LDRD Impact on Staff 
-Staff conversions 
-Post docs supported 

Annual, starting 2004 
 
Compare to size of total SNL 
workforce  
 
From HR Queries 
 

LDRD Office tracking 

Technology 
Infrastructure & 
Facilities 
(Trends in 

Capital Equipment Investment:
1. Total $$ invested by NW and ITS

Annually starting FY03 
 

2. Trend in Annual dollars 
utilized/spent by SMG in 

Annual starting FY06 
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Metric Definition and Data/Data Series 
 

Period & Trend 
Representation 

investment 
generally and for 
key capabilities) 

Computing  Constant FY07 dollars 
Capital expenditures not 
included 
 

3. Annual dollars spent by SMG in 
MESA 
4. Annual dollars spent SMG in 
Environmental Test  

Research Management Excellence 
Work 
Environment 
(Research 
Environment, etc.)

Health of the Research 
Environment, trends for STE SMU 
as a whole 
Overall rating of the research 
environment, measured by survey  
Other self assessments 
 

Survey every two-three 
years; Have 2008, 2003, 
2001 
 

External Reviews 
(Seek and act 
upon advice of 
external experts) 

External SMU, RF reviews 
 1. Annual number of 
expert/advisory reviews held 
2.  Quality of reviewers 
3.  % of expert review panel 
recommendations acted upon   
LDRD reviews 
4.  NNSA Program Review and 
Grand Challenge EABs 
 
External Customer Satisfaction 

Annual, starting with 2007 
 
STE SMU office tracking 
 

SNL survey 

Strategic Collaborations 
Technical  
collaborations – 
internal and 
external 

Co-authorship for STE SMU, by 
RF 
1. Number, percent of papers that 
are co-authored internally 
2. Number of papers with external 
co-authors 

Annually, starting with FY 
2004 
 
STE SMU Office analysis of 
pubs data 

Trends in University 
collaborations (Sandia-wide): 
1. Number of University Contracts 
that apply to ST&E 
2.  Amount of funds to Universities 

Annual starting in 2002 
From University Office 
Annual Report 

Presentations & conference 
attendance 

Expense report data 

Industry 
Partnerships 

Trends in Cooperative 
Agreements (Sandia-wide)_ 
1. Number of active CRADAs 
2. Amount of $ in CRADAs  
 

Annually, starting FY 2003 
 

Technical Excellence
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Metric Definition and Data/Data Series 
 

Period & Trend 
Representation 

Science Advances Trends in Publication of 
Research: 
1. Number of Peer-reviewed 
publications total ST&E SMU, % of 
SNL total 
 a) by RF and by discipline within 
RF   
2. Number of SAND reports, total 
and by SMG, classified vs. 
unclassified  
Summary External Judgment on 
Quality Relevance & 
Management 
- PEP rating for PO-5 
LDRD Publications

Annually starting in 2004 

Technical 
Advances 

Trends in Intellectual Property: 
1. Number of technical disclosures 
2. Number of patent applications 
3. Number of patents issued 
4. Number of licenses awarded 
R&D 100 awards Lab-wide and 
LDRD 

Annually starting in 2003 
 

ST&E Value and Impact 
ST&E Leadership 
and Stewardship 

Positions and Awards: 
1. Number of professional society 
positions held by ST&E staff 
2. Number of professional society 
awards each year to ST&E staff 
3. Number of invited talks 
Citations:
1. World citation factor by key 
discipline (physics, engineering, 
chemistry, bio, ) 
2. Citations per paper? 
Visitors to the Laboratory (ST&E 
SMU Organizations: 
1. Number, characteristics of 
domestic visitors to SNL 
2. Number, characteristics of 
foreign visitors to SNL/ 

Annually 
 
STE SMU data call 
 

From Thomson/ISI data 
 
From Badge Office 

Mission impact Impact of STE on mission 
PEP milestones met by STE 
reported by other SMUs.  
Accomplishments 

Annual 
 
STE SMU tracking 
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Summary of Focus Group Input 
 

Four focus groups were held.  The first was in August of 2006 when then CTO Rick 
Stulen invited comments from the Senior Scientists and Engineers at Sandia on the topic 
of ST&E measurement. These comments were informally summarized in a memo that 
provided input and impetus for a serious effort to collect and use ST&E metrics.  

During the initial development there were three additional groups of technical staff and 
lower level managers who participated in focus groups held at both the Sandia New 
Mexico and California sites in the Spring and Summer of 2007. While basically informal, 
meetings were structured by a presentation of the proposed strategy and design of the 
ST&E metrics process, with requested oral feedback from the participants on particular 
topics that the metrics working group recorded, and the opportunity for further written 
feedback. The presentation explained the tasking for the metric project from CTO Stulen, 
the underlying strategy of the Balanced Scorecard (BSC) coupled with a Strategy Map 
for the ST&E SMU, the metrics working group’s initial proposals for specific measures, 
and near term implementation plans. 

The ST&E SMU metrics working group requested discussion and comments from the 
participants on the general issues of tasking and strategy for ST&E metrics, as well as 
feedback on the specific measures we proposed for populating the BSC at that time. We 
requested feedback on the perceived value and fidelity of our defined approach, critique 
of our proposed measures, suggestions for alternative measures, and critique of the 
planned implementation, in particular our targets for metric data collection and the 
intended users of this information. 

In the following, feedback from the focus group sessions is loosely summarized in three 
general topical areas: (1) general comments and concerns about ST&E metrics and the 
proposed process; (2) specific metrics concerns; (3) alternative or modified metrics of 
interest.  

1. General Comments and Concerns 

• Why are we doing the ST&E metrics project? 

o Has DOE asked us to do this?  

o Are we aiming the process and collected data at DOE (NNSA)? At Sandia 
as a whole? At VP 1000 only? 

o What’s wrong with other metrics processes, such as the measurement 
undertaken by LDRD? 

o Use of other existing metrics processes implies more consistency, more 
connection to “Standards.” Use what other people are using – why re-
invent the wheel?  Using what other people use makes it easier to use the 
data for new proposal writing. 

• How are metrics going to be used? 
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o More specifically, the use of metrics must be very carefully fine-tuned. 
There is great potential for metrics data collection and use driving wrong 
behavior. There is also potential for the collected data to be 
misunderstood.  

o There is concern about the use of metrics in Merit Review. 

o There are varied stakeholders – how will their views of the same metric 
disperse or diverge? The stakeholder heterogeneity will show up at the 
Strategy Map level too. 

o Metrics can drive risk-aversion. 

o The ST&E metrics focus needs to support lab investment decisions, 
especially to guide disinvestment. 

o Metrics hide what is right. 

o Metrics reveal what is wrong. 

o How do we enforce consistency with external measures like Technology 
Readiness Levels (TRLs)? 

o How will these metrics help anticipate new “market” needs? 

o How do we clarify which projects are expected to produce refereed 
publications, which should produce follow-on funds, or something 
similar? 

o How we should best map metrics to the individual, project, program, and 
overall lab levels is a critical issue. 

• Metrics must have a clearly articulated need/purpose: 

o Implication: really use the information.  

o Implication: unambiguous measurement. More generally, we can’t be 
vague about any aspects of metrics. 

o Implication: the metric must be meaningful within the SNL culture. 

o What are metrics that can be “standard” across the lab, for example across 
both sites? 

• We need both lagging and leading metrics. 

o Accurate metrics are usually lagging metrics, especially if the value of 
R&D is viewed as the impact and value of its outputs.  Time lag in 
measurement must be understood. 

• Metrics need to distinguish what we control versus what we can’t control. That is, 
“world class science” is judged by others, not by us. 

• ST&E metrics highlight the conflict between science and engineering at Sandia. 

o In particular, how can one set of metrics be uniformly applied across such 
a heterogeneous environment? 
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o The difficulty of measuring the “R[esearch]” side and the 
“D[evelopment]” side makes it hard to find metrics that do both, or that 
are relevant for an “R&D” lab rather than just a “R” lab or just a “D” lab. 

o Metrics are more likely to reveal that it is a miracle that we do any good 
ST&E. 

o At SNL, it is “The Core” VERSUS “The Mission” – by definition. What 
measurement is appropriate for this conflict? 

• Sandia’s work is unique – therefore what metrics could ever be sensible? 

o Along these lines, by the way, how do you “uniquely measure people?” 

o If a benchmark doesn’t exist, how sensible is the measurement? 

o How do we define relevant metrics for classified work? 

o We have many constraints on how we intersect the external industrial 
marketplace – how do metrics reflect these constraints? 

• What is the appropriate time frame for measurement? Time frames can be too 
short as well as too long. How do we intend to figure this out?  

o We need to extract trends from metrics, which also implies gathering data 
over a period of time before conclusions are drawn and so on. 

• Just because something can be measured doesn’t mean it should be measured. 

o Who measures metrics? Only SNL people? Or “anonymous [scary] 
external people” [who don’t understand us]? Or both? 

o Anonymous, external metrics ensure staff cynicism. 

• Are we measuring ST&E or are we measuring solutions? The purpose of ST&E is 
to provide solutions [especially at a lab like Sandia] – ST&E can't be measured 
independent of this dimension. 

• There is the threat that the metric process will overwhelm the product of the 
ST&E Metric effort. 

o There is the danger of the metric becoming the goal, rather than the 
outcome [of using the metric data].  

o The “story” underlying the ST&E metrics is as important as the numbers. 

o The threat is that we will end up measuring behavior more than outcomes. 

o How do we ensure uniformity of implementation? 

• We need to get a lot of feedback on the metric process: 

o People in the Tech Staff need to provide feedback on the ST&E Metrics. 

o People at Center level need to review ST&E metrics 

o We need to involve people who can review the appropriateness of the 
business purpose underlying the metrics. 
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• Miscellaneous, ungrouped comments. 

o Metrics need to tell you where you go in the next five years. 

o This is just one more thing that takes away from the “real work.” 

o This will cost a lot; it is an incredible time sink. 

o Has SNL spent time with R&D firms that look like us and tried 
defining/implementing ST&E metrics? 

o [Sandia] response [to incoming work] is often so fast that there is no 
production of the artifacts that allow measurement. 

o Metrics will fail to influence management because of the second-class 
status of science at SNL. 

o Metrics drive [or support] an external focus, not internal. 

o The right metrics are just right. 

o Research is heavily government subsidized, therefore not a free market. 
[Metrics] will therefore be skewed politically. How do we intend to 
correct for such a bias? 

o At Sandia, compliance is the only thing that matters anymore – why 
bother with ST&E metrics? 

o Often, research goes off on a tangent – the original goals are not met but 
something else develops. Is that failure or success? What’s the metric? 

o People find loopholes in metrics; they learn how to “game” metrics; they 
learn how to use, abuse, ignore, go around and generally destroy metrics 
processes. What do we intend to do about that? 

o Metrics suggest a standard we can't hope to achieve. 

o Internally reported metrics are as dangerous as externally reported metrics. 

o Good ideas languish and bad ones flourish. Since this firmly rests upon the 
“personality” of the management team at all levels and in all locations, 
explain how metrics help address this problem? 

2. Specific Metrics Concerns 

• Concerns about the “set” of metrics 

o The Strategy Map looks somewhat internalized – it raises questions about 
how it interfaces to external customers. 

o Also, can individual staff members see what they are doing through the 
strategy map and metrics it induces? Are they capable of 
production/growth? Do they provide products? What value do they 
provide to customers? How have they contributed to Missions? 

o Ten metrics for the Portfolio [in the 2007 timeframe] are too many. 

o The strategy map and resulting metrics are “overkill.” 
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o Why do we have to reflect whatever complexity is being represented in the 
strategy map? 

o We can't be good at everything. Pick what we want to be good at and 
apply metrics there.  

o We only need to be great at a few things, good at some things, and get by 
on most things. Tell us again what your metrics have to do with this 
realization? 

o Breadth is more important than depth at SNL. How can you measure this 
characteristic? 

o Continuous improvement is more important than breakthroughs, 
particularly if you have tight cycles. Measure that instead. 

• Measuring publication is important; measuring citation impact is awful. 

o How do we measure publication(s) and impact on the classified side? 

o It is tough to judge instantaneously the value of a publication at the time 
you submit it. This takes several years. Whether or not the published work 
is important is subjective. You have to be a historian to understand the 
value of publications. 

• What does “competitive value of research findings and data ...” mean and how do 
you possibly measure it at a place like Sandia? 

o The only metrics that matter measure: (1) Which customers? (2) How 
many? (3) What money are you making? 

o Follow-on dollars is an important metric. 

o A dangerous metric is counting dollars – people go after money rather 
than quality. 

o “World-class ST&E” is a very subjective concept. 

• How are metrics projected down to the project level? 

• There is too much emphasis on “production” in your metric portfolio. 

o How do you measure “return on investment?” 

o It doesn't matter what you have at the “How capable are you of 
producing...” level of the strategy map. It only matters “what have you 
produced.” 

• Patents are a bad measure because the political/administrative elements in getting 
patents outweigh the actual technical content they might measure. Another way of 
viewing this is that counting patents really only is a tip of the iceberg issue even 
as far as understanding what mechanisms drive achieving patents. 

• We need to measure “access” to the lab. 

• What does “percentage of funds” mean? 

• Don't roll out ST&E metrics the way TRLs are being rolled out.  
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• “SCORECARDS AREN'T METRICS.” 

• Provide a Web site that communicates all of this. 

3. Suggested Metrics 

• Dollars the most important measure of “health.” 

• Measure the quality, quantity, and frontier nature of capabilities - that is, 
laboratory capabilities specifically.  

o This gets at measuring capital equipment expenditures, for example.  

o There is belief that our capabilities are good enough for “The [Lab] 
Mission,” but that “The Mission” is a lower bar than “World Class” 
ST&E. Metrics should clarify what is going on. 

o We should measure the “efficiency” with which we use ST&E dollars. 

• Measure SNL risk-taking. 

• What is the Sandia “Brand” and how can we measure it? 

o Need to measure the connection of ST&E to other business elements 
within the lab. 

o You should devote energy to measuring all the things done at SNL that are 
not ST&E. 

• Perhaps some aggregation of the number of papers, citations, and journal impact 
factors is a metric. 

• A good metric would be one that was centered on how we are replacing “our 
aging population of researchers” with “talented younger people.” 

• Measure both people and program retention. 

• Why are technical researchers still coming to Sandia? 

o You need recruitment metrics. 

• Measure the “stature” of seminar speakers coming to Sandia. 

• You need to measure the Foreign National presence.  

o You need to measure the number of visitors. “If you are great, people 
come to you.” 

• Delivery of a product may be the measure itself - cost and optimal performance 
may not be relevant. 

• Cycle time in moving through ST&E elements should be measured. 

o Measuring [R&D] execution is critical. 

o Measuring responsiveness is critical. 

• Work on external committees should be a metric. 

o Suggested leading indicator – “focus sessions” at national meetings 
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• “Technology transfer” and “spin-offs” should be measured. 

• Measure why technical staff leaves Sandia. 

• Measure short-term changes in Sandia. 

• Measure “fragmentation” [that is, project/task fragmentation] in Sandia. 

• Measure the difference between “ST&E and paying the bills.” 

o How much of a customer’s money is spent on writing and going to 
conferences? 

o One measure would be willingness of [Sandia] SMUs to put money back 
into ST&E. 

• Measure the acquisition of new skills. More generally, measure the intellectual 
vitality of the lab. 

• You need to measure “external visibility.” 

• You need to measure how technical excellence is recognized within SNL. 

• You should measure the amount of funding Sandia is getting in a given research 
area. 

o You need to distinguish “entitlement funding from DOE” versus funding 
we’ve gotten because we are really good. 

o The relationships between funding and people at SNL are crucially 
important - how do you measure these? 

o This kind of measure (and other measures of external recognition) needs 
to be sensitive to the size of the external customer base as well as the 
temporal duration of the funding being measured. 

o You need to measure “prescience” [sic] - how many years back did we do 
work that led to today's solutions, etc. Are we on the leading edge of 
waves that are hard to detect? 

o Persistence and history: when did you start investing, how long before first 
citation? 

o You need to measure program retention. 

o Measure whether customers refer us to other customers. 

o Measure how Sandia is using the ST&E funds. Are we twice as bright as 
the [a] university? Because we cost twice as much. 

• Measure our overhead. It’s killing us. Where is the overhead burden coming 
from? What are people doing with all that overhead money? Etc. 

• While you are at it, measure all the factors that lead to “wasted time,” not getting 
work done during the course of the day, week, month, and year. 

o Measure the percent of time a staff member spends in research. 
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o How productive is staff when they come to Sandia as compared to before 
they came to Sandia? 

• Measure proposal writing and what comes from it. 

• Measure collaboration – is Sandia trying to increase collaboration? Or simply 
measure it?  

o How do we collaborate? What are the elements of collaboration that can 
be measured? 

o How about measuring joint proposals? 

• We need to do retrospective measurement. Lagging indicators, such as project 
follow on. 

• We need to measure why we fail. 
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APPENDIX D -- DEFINITIONS 
 
Defining the ST&E SMU (Beginning Fiscal Year (BFY) 2010) 
 
In addition to the Research Foundations below, the following organizations are part of the 
ST&E SMU: 
Radiation Sciences (1300) 
Manufacturing Process, Science, and Technology (2450) 
Energy Resources and Systems Analysis (6300) 
 
Bio Science (BIO): 

• 08620 (all departments) 
• 08630 (all departments) 

 
Computational and Information Sciences (CIS): 

• 01400 (all subgroups) 
• 08960 (all departments) 

 
Engineering Sciences (ES): 

• 01500 (all subgroups) 
• 8249 (multi-Physics Modeling & Sim) 
• 8350, 8360 (combustion) 

 
Materials Science and Technology (MST): 

• 1110, 1130 (CINT) 
• 1800 
• 8131 (Rad/Nuc Detection Materials & Analysis) 
• 8222 (Hydrogen & Metallurgy Sci), 8223 (Materials Chem.), 8246 (Mechanics of 

Materials) 
• 8650 (Energy Materials Sciences) 

 
Microelectronics and Microsystems (MM): 

• 1120  
• 1700 (all subgroups) 

 
Pulsed Power (PP): 

• 01600 (all subgroups) 
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