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Investigation of Leading Indicators for Systems 
Engineering Effectiveness in Model-Centric Programs
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Motivation
Studies demonstrate the 
value of mature 
measurement capability in 
DoD programs

State of the practice of 
measurement based on 
traditional engineering

Digital engineering is a 
game-changer that 
motivates re-examining the 
existing systems engineering 
leading indicators 
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• How can the existing systems 
engineering leading indicators be 
adapted and extended for  model-
centric programs? 

• How can program leaders use these to 
proactively assess systems 
engineering effectiveness in model-
centric programs?



Background
More than a decade ago, systems experts 
from industry, academia and government 
collaborated to develop the SE Leading 
Indicators Guide, aimed at predictive 
assessment of SE effectiveness during a 
program lifecycle 

Guide details eighteen leading indicators 
using the PSM measurement specification 
format, and provides useful measurement 
guidance and practitioner insights  

The guide, however, was developed 
under the assumptions of traditional 
systems engineering
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Approach

Draw on prior research and engage systems 
community in knowledge gathering

Initial step – re-examine and augment current set 
of SE leading indicators 

Perform usability evaluation of adapted/extended 
leading  indicators and investigate opportunities 

for proactive assessment  

Define follow-on research to investigate advanced 
indicators and apply newer technologies
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SE Leading Indicators (2010)
Initial set of thirteen + five 

• Requirements Trends
• System Definition Change Backlog Trend
• Interface Trends
• Requirements Validation Trends
• Requirements Verification Trends
• Work Product Approval Trends
• Review Action Closure Trends
• Risk Exposure Trends
• Risk Handling Trends
• Technology Maturity Trends
• Technical Measurement Trends
• Systems Engineering Staffing & Skills Trends
• Process Compliance Trends
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Development of Leading Indicator 
Measurement Specifications

Each of the eighteen leading indicators has a specification, developed through empirical investigation, for the 
purpose of providing guidance for implementation and interpretation.
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Investigating How Digital Engineering 
Impacts SE Leading Indicators (LI)

Approach uses three categories to analyze how leading 
indicators will need to be adapted or newly created

Category 1 Digital engineering has minimal 
impact on the leading indicator

Additional Information  section 
of measurement specification 
augmented with descriptive 
information

Category 2 Digital engineering results in 
significant changes and additions 
to leading indicators measurement 
specification 

Modify and add information to 
all relevant areas of the 
measurement specification 

Category 3 Digital engineering provides 
opportunities for novel leading 
indicators

Generate new measurement 
specification and illustrative 
graphics of displayed 
information
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Traditional engineering: Example of how leading indicators have 
contributed to effective systems engineering

By monitoring requirements validation trend, team was 
able to more effectively predict SRR readiness

Initially the program had selected a calendar date, but 
in subsequent planning made the decision to have SRR 
be event driven, resulting in a new date for review  

Revised date was set based on an acceptable level of 
requirements validation in accordance with the leading 
indicator    

Had original date been used, it is likely SRR would not 
have been successful
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How can adapted/extended leading indicators be used for 
proactive assessment on model-centric programs?



Composability 
Composability concerns the selection of elements that can 

logically and reasonably be assembled.
• Requirements Trend indicators, for instance, are used to 

evaluate trends in the growth, change, completeness and 
correctness of the definition of system requirements

• Traditional engineering: requirements are central objects used 
for assessing maturity of system definition

• MBSE - there are requirements diagrams, use case diagrams, 
activity diagrams, state machine diagrams, parametric 
diagrams, and others.  
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With model-based measurement data, the question arises as to which 
measureable data elements can be composed into leading indicators for 
engineering effectiveness in model-based acquisition programs. 



Emerging …

• Model-based toolsets…potential to generate new 
and more extensive data and analytics

• Digital environments enable real-time access, 
data on demand, more context information

• Interactive dashboards more easily created and 
populated in real-time

• Our societal expectations for delivery of 
information have evolved  
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91% of consumers now prefer interactive and visual content over traditional, 
text-based or static media.  Forbes Magazine, 2018



Current/Planned Research
sponsored by Naval Postgraduate School Acquisition Research Program 

Current
Research Tasks:
• Adapt/extend LIs for Digital 

(Model-Based) Engineering and 
Digital Artifacts

• Expert Assessment on Usefulness 
• Illustrative Application Case 
• Select publically available model-

based case studies 
• Show value of LIs in providing 

insight into program decisions

Future
Research Questions: 
• How can digital engineering 

measurement data be composed 
into leading indicators and 
displayed to best enable 
assessment of engineering 
effectiveness?  

• How can leading- edge techniques 
(automated data collection, visual 
analytics, etc.) be used to collect 
and synthesize measurement 
data from digital artifacts and 
environments?  
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This material is based upon work by the Naval 
Postgraduate School Acquisition Research Programs 

under Grant No. HQ0034-18-BAA-ARP-0001. 
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