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Abstract
The programs within NASA's Aeronautics Research Mission Directorate (ARMD) conduct research and 
development to improve the national air transportation system so that Americans can travel as safely as possible. 
NASA aviation safety systems analysis personnel support various levels of ARMD management in their fulfillment 
of system analysis and technology prioritization as defined in the agency’s program and project requirements.  This 
paper provides a framework for the assessment of aviation safety research and technology portfolios that includes 
metrics such as projected impact on current and future safety, technical development risk and implementation risk.  
The paper also contains methods for presenting portfolio analysis and aviation safety Bayesian Belief Network 
(BBN) output results to management using bubble charts and quantitative decision analysis techniques.  
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Introduction 
The programs within the National Aeronautics and Space Administration’s (NASA) Aeronautics Research Mission 
Directorate (ARMD) conduct research and development to improve the national air transportation system so that 
Americans can travel as safely as possible. NASA aviation safety systems analysis personnel support various levels 
of ARMD management in their fulfillment of system analyses and technology prioritizations as defined in the 
agency’s Research and Technology Program and Project Management Requirements (National Aeronautics and 
Space Administration, 2013).  Traditionally, multidisciplinary optimization techniques have been used in aerospace 
systems analyses (Alexandrov, Kaplan, Oran & Boris, 2010; Tong, Jones, Arcara & Haller, 2005), but overly 
complex methods can sometimes have pitfalls:  

The proponents of many R&D project-selection methods have not appeared too concerned about 
the level of complexity of their particular technique. Some approaches presented in the literature 
are so mathematically elaborate that they necessitate the assistance of an expert decision analyst 
in order to be usable by most real-world managers. As a consequence, very little use has been 
made by managers of many of these approaches (Henriksen & Traylor, 1999)

Many organizations external to the NASA ARMD are also developing frameworks and methods for evaluating the 
impact of National Airspace System (NAS) enhancements. Examples include the Joint Implementation 
Measurement and Data Analysis Team’s (JIMDAT) process for evaluating proposed Commercial Aviation Safety 
Team (CAST) system enhancements (CAST, 2004), the Federal Aviation Administration’s (FAA) development of 
models to determine the safety risks in the Next Generation Air Transportation System (Goldner & Borener, 2006) 
and the National Aerospace Laboratory (NLR) of the Netherlands’ aviation system modeling activities (Roelen & 

https://ntrs.nasa.gov/search.jsp?R=20150000576 2019-08-31T14:32:33+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/42720501?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Blom, 201
used by NA

Framew
Almost tw
Federal Av
recommen

C
po
no

Both quali
experience
Study of M
analyses ar
Tall Poles 
Implement

Projected 
The White
“should est
conduct sa
in response
technology
Analysis o
that was co
Current Sa
technology
developed 
fixed-wing
(air charter
data was d

3). The metric
ASA ARMD a

work Metrics
o decades ago,
viation Admin
dation, the Com

Cost considerat
olicy determin
on-quantifiable
itative and qua
e obtained from
Modified Veh
re conducted u
(Evans, 2014)

tation Risk and

Impact on Cu
 House Comm
tablish a nation

afety research to
e to this recom
y portfolio. A m
f the Aviation 

onducted for th
afety Tall Poles
y or safety enha
in 2010, are ba

g airplanes ope
r) or Part 91 (g
eveloped in 20

Exhib

cs and portfoli
are presented in

s
, when the Whi
nistration (FAA
mmission state
tions and math
ations regardi
e safety and se
antitative metri
m conducting a
hicle System S
using a combina
), (2) Projected

d (5) Projected 

urrent Safety T
mission on Avia

nal goal to redu
o support that 

mmendation use
more qualitativ
Safety Program

he Aeronautics 
s is a qualitativ
ancement) on a
ased on all reco
rating under Fe

general aviation
013 (Barr, 2013

it 1.  Updated 

Jone

io analysis resu
n this paper.  

ite House Com
A), NASA and
ed the followin
hematical form
ing aviation saf
curity benefits 
ics were chose
analyses for a 
Safety Techno
ation of the fol
d Impact on F
Impact on Avi

Tall Poles
ation Safety and
uce the aviation
goal”. The NA

ed the aviation 
ve metric for ev
m (SAoAS) stu
Research Mis

ve assessment o
a Current Safet
orded accident
ederal Aviation
n).  An updated
3) and are summ

Current Safety

es and Reveley

ults presentatio

mmission on Av
d industry to r
ng:  
mulas, however,
afety they are o

should be incl
en by the safet
variety of unp

ologies (VSST
llowing five (5
Future Safety T
iation Safety R

d Security reco
n fatal acciden

ASA Aviation S
fatal accident r

valuating curre
udy (Jones, Rev
sion Directorat
of the expected
ty Tall Pole.  T
ts and incidents
n Regulations (
d version of the
marized in Exh

y Tall Poles for

on methods fo

viation Safety 
reduce the avi

r, should never
one input for d
luded in the an
ty system anal
published inter
T) Project Tec
5) metrics: (1) P
Tall Poles, (3) 
Risk Scenarios.

ommended tha
nt rate by a fact
Safety Program
rate as a metric

ent safety was d
veley, Withrow
te in early 201

d impact of a te
The Current Sa
s from 1997–2
(FAR) Part 12
e Current Safet
hibit 1. 

r FAR Parts 12

or aviation safe

and Security (
iation fatal acc

r be dispositive
decision makin
nalysis of propo
lysis personnel
rnal studies (e.
chnical Challe
Projected Impa

Technical De

at the FAA, NA
tor of five with

m (AvSP) that w
c to evaluate th
developed as p
w, Evans, Barr
0. The metric, 

echnology (rese
afety Tall Poles
2006, involving
1 (scheduled a
ty Tall Poles b

21, 135-S, 135-

ety systems an

1997) challeng
cident rate.  In

e in making 
ng. Further, 
osals. 
l at NASA bas
g., Quick Tall
nges in 2011)
act on Current 
evelopment Ris

ASA and indust
hin ten years an
was created in 
he NASA AvS

part of the Syste
r & Leone, 201
Projected Imp
earch outcome
s that were 
g commercially
air carriers), Pa
based on 2001-2

-NS and 91 

nalyses 

ged the 
n their 

sed on 
l Poles 
). The 
Safety 
sk, (4) 

try 
nd
1997 
P
ems 
3) 

pact on 
e,

y built 
art 135 
2010 



Th
reducing th
were condu
between av
against the
systems an
and prelim

Projected 
Similarly, 
Safety Tall
the current
exist in his
impact the 

Th
Safety Tall
NASA, as 
the SAoAS
the 2010 an
Projected I
Current Sa

Technical
Technical D
process (N
developing
which is ba
National T
resources (

T
plans, tech
each techn
systems an

he Projected Im
he likelihood o
ucted with this
viation safety s
e set of Current
nalysis personn

minary results 

Impact on Fu
the Projected I
l Pole.  The rat
t National Airs
storical acciden
future risks of
he original set 
l Poles are the 
areas of conce

S study to inco
nd 2013 versio
Impact on Futu
afety Tall Poles

Development
Development R

National Aerona
g a technology 
ased on risk as

Transportation C
(e.g., labor, trav
o implement th

hnology lists an
nology in the pr
nalysis personn

mpact on Curre
of a future occu
s metric, the tec
systems analysi
t Safety Tall Po
nel conduct me

uture Safety T
Impact on Futu
tionale for deve
pace System. J

nt data, change
f aviation.  
of Future Safe
most critical fu

ern in terms of 
rporate more r

ons of the Futur
ure Safety Tall 
s metric.  

Exhibit 2.

t Risk
Risk (TDR) is 
autics and Spac
from a baselin
sessment appro
Center, 1997), 
vel), infrastruc
he TDR assessm
nd interview pr
roject portfolio
nel determine th

Jone

ent Safety Tall
urrence of a par
chnologies wer
is team membe
oles. Prior to d
etings with tec

Tall Poles
ure Safety Tall 
eloping this me
Just as texting 
es in aircraft an

ety Tall Poles w
uture safety ris
aviation safety
ecently publish
re Safety Tall P
Poles metric is

.  Comparison 

a structured m
ce Administrat

ne Technology 
oaches from se
does not inclu

cture, milestone
ment process, 

roject manager
o. Using this in
he TDR ratings

es and Reveley

 Poles is define
rticular Curren
re assumed to b
ers, each techn

delivery of final
chnical leads an

Poles is the ex
etric is to addre
while driving i

nd airspace rela

was also create
sk issues that w
y. The Future S
hed reports reg
Poles is display
s identical to p

of 2010 and 20

means of execut
tion, 2007) by e
Readiness Lev

everal sources 
ude managemen
es, etc.  
aviation safety
s, technical lea
formation and 
s for each tech

ed as the impa
nt Safety Tall P
be fully realize

nology in the re
l assessment re
nd researchers

xpected impact
ess safety conc
is a new risk in
ated technologi

ed during the 2
were identified 
Safety Tall Pole
garding aviation
yed in Exhibit 

process describ

013 Future Saf

ting the NASA
examining the 
vel (TRL) to an
(Cox, 2000; A
nt risks that are

y systems analy
ads and researc
the criteria sho

hnology in the p

act that a techno
Pole.  Also, for 
ed. Through a p
esearch portfol
esults to upper 
to review accu

t of a technolog
cerns that may 
n automobile sa
ies (e.g., comp

010 SAoAS st
by multiple ex
es have also be
n safety issues
2. The implem

bed in the previ

fety Tall Poles

A Technology A
potential impe

n expected TRL
Abramson & Bo

e associated wi

ysis team mem
chers to gather 
own in Exhibit
portfolio via co

ology will have
the assessmen

process of con
io was evaluat
management, 

uracy of assum

gy on a Future 
or may not ex

afety that did n
osite materials

tudy. The Futur
xperts, external
een updated sin
s. A comparison
mentation of the
ious section for

.

Assessment (TA
ediments in 
L.  The TDR m
ook, 2000; Vol
ith program/pr

mbers review pr
information ab
t 3, NASA avia
onsensus. 

e on 
nts that 
sensus 
ted
safety

mptions 

xist in 
not 
s)

re
l to 
nce
n of 
e
r the 

A)

metric,
lpe
roject

roject 
bout 
ation 



Jones and Reveley 

Exhibit 3.  Technical Development Risk Criteria 

Implementation Risk
The Implementation Risk (IR) assessment is an examination of the possible impediments to actual implementation 
of proposed technologies in the NAS. One of NASA’s strategic objectives is advance aeronautics research to 
“enable a revolutionary transformation” of air travel “for safe and sustainable U.S. and global aviation” (NASA, 
2014). The importance of the IR metric in aviation safety portfolio assessment is that it helps project managers 
identify implementation risk drivers such as market penetration and dependencies (e.g., new training and/or 
infrastructure requirements).   

The IR criteria are based on various assessment techniques used by the FAA and industry (Jones & 
Reveley, 2003). The criteria, shown in Exhibit 4, were applied to the project research portfolio using the same 
process described for the TDR assessment in the previous section.  

Exhibit 4.  Implementation Risk Criteria 
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Portfolio Analysis Results Presentation Methods 
A number of methods have been used by the aviation safety systems analysis personnel to display the portfolio 
assessment results that can be generated using the metrics defined in the previous section. In this section of the 
paper, some of the methods most frequently used by the NASA ARMD for aviation safety technology portfolio 
assessments are described.  

Summary Tables
Simple summary tables of metric results have been used by NASA ARMD for several safety systems analysis 
studies. In Exhibit 6, technologies that were identified as having a potential impact on a Safety Tall Pole are 
indicated by in the table.

Exhibit 6.  Sample Current Part 135 Safety Tall Poles Results Using Checkmark Ratings. 

Exhibit 7 also uses the Safety Tall Poles metrics, but technologies were rated using values of direct, indirect or no 
impact.  The Technical Development Risk and Implementation Risk metrics are evaluated using high, medium and 
low ratings. A table containing sample TDR results is shown in Exhibit 8.   
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Exhibit 7.  Sample Current Part 121 Tall Poles Results Using Direct/Indirect Ratings 

Exhibit 8.  Sample Technical Development Risk Results 

Bubble Charts
Bubble charts have been used in R&D portfolio analysis (Roussel, Saad, & Erickson, 1991; MacMillan & McGrath, 
2002) to visually examine three or more metrics at one time.  In the assessment framework used by the NASA 
aviation safety systems analysis team, each bubble in the chart represents a technology. The size of the bubble 
represents the total safety tall poles tally (i.e., total number of current and safety tall poles impacted by the product). 
The color of the bubble can be changed to help display pertinent information decision makers. For example, in 
Exhibit 9, all of the products in a project’s technology portfolio are color coded based on their total impact on the 
current and future safety tall poles (green = greatest impact; red = least impact). A quick glimpse of the chart reveals 
that the two technologies color coded green (C-2 and C-4) are expected to have the greatest safety impact. Another 
display method used is to color code the bubbles based on the Project Subprojects as shown in Exhibit 10. All of the 
technologies in Subprojects A and B have mostly low implementation risks, but the technologies in Subproject C 
have a wide range of implementation risk. 
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according to their perceived value to their research goals. The weights assigned to each metric should be obtained 
from decision makers prior to implementation of any decision analysis method so that analysis results are not 
manipulated to obtain a desired outcome.  

Exhibit 11. Sample Portfolio Prioritization Using Weighted Sum Model (All Metrics Equal)

.

Conclusion
The framework (metrics and presentation methods) presented in this paper has been developed as a result of over ten 
years of implementing analyses of aviation safety technology portfolios. The advantages of this framework include: 
(1) it is not mathematically elaborate and therefore usable by real-world managers, (2) it does not rely solely on fatal 
accident rate for measuring safety and (3) it includes multiple ways to measure non-quantifiable safety benefits. 
Future work will continue in the development of additional models for implementation of the Projected Impact on 
Aviation Safety Risk Scenarios metric.  Other metrics pertaining to costs/safety benefits are also expected to be 
included in future version of this framework.  
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