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Abstract—We investigate the gaps for Soldiers in information
collection and resource management for Intelligence,
Surveillance, and Reconnaissance (ISR). ISR comprises the
intelligence functions supporting military operations; we
concentrate on ISR for physical sensors (air and ground
platforms). To identify gaps, we use approaches from Human
Factors (interactions between humans and technical systems to
optimize human and system performance) at the level of Soldier
functions/activities in ISR. Key gaps (e.g., the loud auditory
signatures of some air assets, unofficial ISR requests, and
unintended battlefield effects) are identified. These gaps illustrate
that ISR is not purely a technical problem. Instead, interactions
between technical systems, humans, and the environment result
in unpredictability and adaptability in using technical systems.
To mitigate these gaps, we provide technology recommendations.

Keywords—intelligence, surveillance, and reconnaissance;
ISR; human factors; human-systems integration; cognitive systems
engineering; intelligence

I INTRODUCTION

Intelligence, surveillance, and reconnaissance (ISR) is the
“..‘hub’ of 21% Century (Military) Operations” [1]. ISR
comprises the integrated intelligence functions supporting
military operations [2]. The U.S. Army conceptualizes
functions of the intelligence cycle as information: Collection,
Processing, Exploitation, and Dissemination (CPED) [3]; the
U.K. military also conceptualizes an intelligence cycle similar
to CPED. There are two distinct sources for information
collection [4]:

1. Soft sources: Information from humans (e.g., human
terrain mapping, an interview with a confidential
informant, and social media).

2. Hard sources: Information from physical sensors
(e.g., visible imagery captured by an unmanned aerial
vehicle).

This paper primarily focuses on hard sources of information.
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The purpose of this research was to examine information
collection and resource management of ISR assets (typically
aerial assets but also ground assets) and the battlefield effects
of ISR based on Soldier goals, constraints, and priorities. In
addition, we provide technology recommendations for many
of the identified gaps. Gaps were identified based on semi-
structured interviews with subject matter experts (U.S. Army
Soldiers with ISR experience during deployment) using
approaches from Human Factors. Human Factors' is defined
as understanding the human interactions with systems (e.g.,
technical systems, communication with other humans) to
optimize both human performance and overall system
performance [7], [8]. Human Factors is an integral part of the
successful development and implementation of technology
(i.e., supporting and enhancing human cognitive performance)
because of the [8], [9]:

1. Fundamental limits of human performance.

2. Large number of ways humans can interact or use
(technical and other) systems in dynamic operational
environments, neither of which may be anticipated
without an understanding of goals, activities, and
tasks.

ISR is not just a technical problem; humans must make
decisions about information collection and resource
management. Thus, ISR involves social, natural, and technical
systems. Social and natural systems tend to be less
predictable, but more adaptable, than engineered (technical)
systems [10]. The different systems in ISR are:

1. Social and natural systems: Individual humans and

groups (military, civilians, and insurgents).

2. Natural systems: Environmental characteristics, such

as the weather, terrain, and time of day.

3. Technical systems: Sensors and sensor platforms,

communication devices and networks, and software

'We use the general definition of Human Factors to encompass the wide
variety of other highly related disciplines or terms. Popular examples include
Cognitive (Systems) Engineering, Human-Centered Computing, and Human-
Systems Integration [5]. Different areas do have nuanced distinctions, but, in
our opinion, they can be conceptualized as different levels of analysis for the
same overarching question or problem [6]. In Europe, “Ergonomics” is
commonly used in place of “Human Factors.”
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systems for collecting information and managing

resources.
Because ISR includes more than just technical systems, it has
a large problem space. Gaps for Soldiers may result from
multiple systems and their interactions. Consequently, not all
gaps can be identified from a technical approach. An
understanding of Soldier activities and goals is needed to
determine the gaps for Soldiers in the ISR work domain.

In Section II, we cover past ISR work, which is mainly
technology focused or an assessment from a military
command perspective. In Section III, we discuss the study
methodology, subject matter experts, and the procedure,
followed by the gaps. In Section IV, to meet the identified
gaps, we provide recommendations for developing and
implementing technology. In Section V, we conclude the
paper and discuss limitations and future directions.

1L

Past work in ISR is mainly technology focused or an
assessment from a military command perspective. For long-
term ISR technology, several roadmaps provide research and
development plans for better sensors, improved sensor
platforms, and new physical network capabilities [11-14].
General near-term technology work seeks to address gaps in
the management, processing, and fusion of heterogeneous
(i.e., soft and hard) information to aid human decision-making
[15]. Using a technical system optimization approach,
multiple capability gaps have been conceptually identified
[16]; these gaps include the need for a common operating
picture for assets, system interoperability, a system to
determine asset suitability for collection requirements, and
decision aids [16].

PAST WORK

Specific technology efforts for ISR concentrate on
different computing and network architectures (e.g.,
scalability, security, and bandwidth) to exploit the vast and
growing amounts of data [16], [17]. There is also a broad
research program on techniques for soft and hard information
fusion [18]. The U.S. and UK. International Technology
Alliance in Network & Information Sciences is developing
technology for coalition ISR allocation using controlled
natural language [19], such as the Sensor Assignments to
Mission (SAM) system [20], [21]. Last, comprehensive
evaluations of tactical and operational gaps in ISR provide a
military command and doctrinal perspective [22], [23].

I1I.

In this section, we discuss the study methodology, subject
matter experts, and the procedure, followed by the gaps. To
provide structure to the interview questions, we apply
elements from two functional/goal-oriented Human Factors
approaches [24-26]. The general aim was to understand, “Why
is a user performing an activity, task, action, or operation in
the first place?” [24, pp. 15]; this approach is Activity-
Centered Design [25]. A related approach, Work Domain
Analysis, was also used to determine Soldier functions, goals,
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constraints, and priorities [26]. These approaches provided the
overarching structure for interviews (see Table II).

A. Subject Matter Experts

Fourteen U.S. Army Soldiers with ISR experience were
interviewed. All Soldiers had deployed experience with ISR
ranging from management, collection, and analysis duties in a
Tactical Operations Center to first-hand tactical experience
with tactical use of ISR and the direct effects of ISR on
military operations. Subject matter experts consisted of 13
males and 1 female (mean age = 27.1 years old, age unknown
for 4 participants). Characteristics of subject matter experts
are described in Table 1.

TABLE L
CHARACTERISTICS OF SUBJECT MATTER EXPERTS
Military G
Rank® Occupational DescrlEpEO:r;)gnI::c;) e
Specialty” P
COL Equivalent to Intelligence OIC at DIV,
(retired) 35-series BDE, and BN
CPT 35D BN Intelligence OIC
BDE Intelligence
CPT 33D Collection Manager
BN Intelligence OIC,
CPT 35D Intelligence Operations
Analyst
CPT 35F BN Intelligence OIC
Intelligence Advisor to
ILT 1A Host Nation
Intelligence Advisor to
ILT 1A Host Nation
ILT 35D BN Intelligence OIC
DIV Intelligence
SSG 35F Operations Analyst, BDE
Collection Management
SSG 29E BN Electronic Warfare
SGT 13B Targeting, BN Blue Force
Tracker
BDE ISR Operations
SGT 35F NCOIC
SGT 35F BN Intelligence Analyst
BN Intelligence OIC,
SGT 35F Targeting, Operations
Analyst

* Rank descriptions: http://www.army.mil/symbols/armyranks.html

b Military Occupational Specialty descriptions:
www.apd.army.mil/Home/Links/PDFFiles/MOSBook.pdf

C' Any potentially identifying information has been omitted; the descriptions of operational experience
are incomplete. Acronyms for military echelons (unit sizes): DIV, BDE, BN, and CO, respectively,
stands for Division, Brigade, Battalion, and Company. For a description of military echelons, see
http://en.wikipedia.org/wiki/Military_unit#Commands.2C_formations.2C_and_units
OIC is Officer in Charge and NCOIC is Non-Commissioned Officer in Charge.

The Intelligence OIC is also colloquially referred to as the “S2.”

B. Procedure

Subject matter experts were recruited at an Umbrella Week
(this is a scheduled week where units set aside times for
researchers to interview Soldiers and administer surveys) and
by asking other researchers and Soldiers for suggested
contacts. All Soldiers were told that participation was
completely voluntary, they could withdraw at any time and for
any reason, and responses were non-attributional. Subject



matter experts received no for their

participation.

compensation

The first author conducted all interviews. Subject matter
experts were told the purpose of the interview was to identify
the tactical and operational gaps in ISR, based on their
expertise and knowledge, with the end goal of improving the
effectiveness of ISR. In addition, Soldiers were informed that
their blunt, honest feedback would be appreciated. Some
Soldiers (6 out of 14) completed a 15-minute ISR decision-
making task before the interview. Results from this task are
not discussed here. Examples of the standardized interview
questions, for general Soldier functions, are shown in Table II.

TABLE II.
EXAMPLE INTERVIEW QUESTIONS

1) Requesting and Managing ISR
e What were the biggest challenges?
e Did you use workarounds to request and manage ISR (such
as deviations from standard operating procedures)? If so, how
and why?
2) For sensor capabilities, what are the things the NIIRS scale® does not
take into account (i.e., its limitations)? For example, effects on the
battlefield.
3) How and when (examples) does ISR tend to be effective in the tactical
and operational environment? Ineffective?
4) Systems (mostly software)
. What systems did you use to request, plan, and manage ISR
and view collected information?
e What capabilities would you like to see in future systems?

" NIIRS stands for National Imagery Interpretability Rating Scale. It is an empirically validated scale for
characterizing the quality and performance of imagery sensors based on human analyst’s accuracy in
target detection and target identification. See: http://www.fas.org/irp/imint/niirs.htm Note, NIIRS
includes multispectral imagery (visible, radar, and infrared).

The example questions were always asked, but interviews
were not limited to these questions. Follow-up questions were
asked to obtain more detailed information and clarification. To
verify understanding, every effort was made to ask open-
ended as opposed to potentially leading or loaded questions.
For security reasons, interview responses containing
potentially sensitive information (e.g., tactics, techniques, and
procedures or specific system capabilities) are either described
generically or have been intentionally omitted at the discretion
of the first author.

To save time and promote discussion among the Soldiers,
a combination of interview formats were used:

1. Small group interviews: In groups of two, four, and

four Soldiers.

2. Individual interviews with four Soldiers.
Six Soldiers (four individual and a group of two) were
interviewed over the phone, the remaining were interviewed in
person. The group and individual interviews lasted from 20
minutes to 2.5 hours (mean duration = 70.3 minutes).

C. Gaps

The interviews produced nine general gaps. These gaps are
presented in Table III (the numbers in parentheses denote the
correspondence to interview questions in Table II). Following
Table III, gaps in software systems are discussed.

TABLE III.
ISR GAPS
Gap Description Reason(s) Impact(s)
Classified There is no
information "‘““?m ated or
(especially Top semi-automated )
Secret) cannot system for Information
ically. be ? reducing the collected from
S;Is)il sz;lre d classification assets with highly
Barriers to Sty shar level of classified
.. with coalition . . s
coalition and ATtners or intelligence capabilities may not
echelon fower cchelons (may take weeks | be directly shared
intelligence ) ’ or months to with lower
. There is an
sharing inexorable reduce the echelons.
(1,3,4) classification Limits intelligence
trade-off .
between level or for sharing between
maintainin declassification). | coalition partners
securit an%l Maintain and echelons.
sharin Y security to
intelli gence protect sensitive
g ) information.
. Unmanned aerial
Unmanned aerial . .
. vehicles are audible
vehicle operators o
Loud . to individuals on
A few are sometimes
unmanned the ground; hence,

aerial vehicles
(Soldiers use
the term
“flying
lawnmowers”)
2,3)

unmanned aerial
vehicles have a
distinct buzzing
sound that is
often audible
from the ground.

unaware of noise
given the
altitude, terrain,
and weather.
Certain
platforms simply
are much louder
than other ones.

detection of ISR
can be undesirable
(e.g., draws
attention to Soldiers
nearby) and also
desirable (the air
version of a ground
“presence patrol”).

No Common

No single
Mission
Command
System for ISR
(air and ground

Limited system
interoperability
(air and ground
assets are on
separate

Asset allocation
may be suboptimal
because of limited
awareness of

differences in
the operator

and collect
higher-quality

combination of
differences in

Operating assets). This systems). Not all | location between
Picture for ISR | refers to asset air assets are on echelons and
(1,3,4) locations, rather | the same system. | coalition partners.
than information | Coalition forces | Upper echelons
fusion, the latter | often use disproportionately
is addressed different rely on air assets.
below. systems.
Some expert .
The effectiveness
operators could
keep platforms of ISR on the
R . battlefield,
Individual in the air longer Speculatively, a including how long

air platforms are
available, the

performance of information cognitive ability, | quality and

(e.g., use T
unmanned swee: in training, and relevance of
aerial vehicles circu{)ar %li ht operational collected
(1,2,3) ar g experience. information, and

paths instead of P

staying directly the likelihood qf

on top of an platform detection

area)p by the red force.

It is extremely Too much

information .

rare to find . Without a purpose

useful from disparate information
Purposc F)f intelligence sources collection is
information without prior (information unlikely to be
collection? information fusion problem) ertinezt and ISR is
(1,2,3,4) ‘ ) and lack of pertn

(i.e., formalized not likely to be

B . system .
as information . o effective.
requirements) interoperability.
qu | Without
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Gap Description Reason(s) Impact(s) Gap Description Reason(s) Impact(s)
collection requests is not multiple levels
requjrements necessarily above them.
finding standardized.
something
important by
;*:;nigz s like ISR Software Systems
“needle in a The general issue with ISR software systems was a lack of

g y
SIGINT (oall haystack. integration. Subject matter experts noted using two main
phones and software systems to manage ISR: Google Earth® and a North
radio) intercepts | SIGINT red Increased SIGINT Atlantic Treaty Organization (NATO) system. Google Earth
Signals can be forces frequently | ;v o1y t0 increase was used to perform the following functions:
Intelli incredibly use cell phones ionabl . X .
(gtIeG fﬁ%ce informative (i.c., | to communicate. ?]f:;ﬁ?aenie ond 1. Flight planning: Plan and share planned air ISR tracks.
(1,2,3,4) actionable SIGINT is a help ﬁgn in various 2. Common Operating Picture: Real-time air ISR
L’ng;gte::g;éh I;Zl;;gfiilt};new intelligence gaps. tracking, limited to specific air platforms and ones
platforms have ' equipped with functioning trackers.
this capability. 3. Sensor Feeds: View real-time feeds (when supported).
Lack of formal Th
L e NATO system was Interim Geo-Spatial Intelligence Tool
. training (for
II:’IIW: docof many non- (IGeoSIT) [27]. IGeoSIT was used in similar ways to Google
nowiedage o . . . . . ..
capabihfes intelligence Earth and had many of the same limitations. In addition to
(NIIRS scale Military software, white boards, magnetic boards, and paper were
Occupational g pap
d oth B i i
2Zpa(l)3iliet§es). Specialties). commonly usc?d tlo manage air asset patrol schedules (i.e., j[he
Soldier Some Soldiers S:ipnsi;)e;\:'lzen Asset allocation ISR. synchronization matrix) and to keep track of the location
self-reported g may be suboptimal of air assets.
knowledge of that they had conditions on (over and under
sensor and Y the battlefield llocation i
platform Expertl d (acquiring expert a focatmn 1ndterms IV. RECOMMENDATIONS
s nowledge; of sensor an . . N .
‘E;p;};ll‘“es others indicated lr‘;“;l“i’rl:dge may | platform To mitigate the identified gaps, we provide
' they should substantial capabilitics). recommendations  for developing and implementing
know the . . . .
specific operational technology. Specific recommendations are provided for some
capabilities of | SXPerience): of the gaps highlighted above. In unpredictable, dynamic
but did Sensors and . .
assets, but di platforms work domains (such as ISR), we contend that enhancing
t. : .
no change (e.g., human performance requires technical systems that are
Ezsli‘:g‘i:)ensor adaptive, interactive, integrated (as few unique systems as
Requires highly possible), and transparent (see ['10], [28]). Decision glds may
specialized enhance Soldier decision-making for ISR allocation and
technical resource management, but new technical capabilities need to
knowledge G d . .
Specialized Few Soldiers (sensors have mzou;avsee?:é’:ied also be flexible (e.g., ad-hoc and unofficial ISR requests).
technical can configure disparate, effeyctiveness g Although we were unable to provide recommendations for all
knowledge and | ground sensors | proprictary not configured for of the gaps, we hope our list will be a helpful guide for others.
skills needed to | (typically this programming key alerts) or even
configure requires a Field interfaces). . : :
around sensors | Service No commen rgr?aﬁrymfi:e(e.g., too A. Common Operating Picture for Air and Ground Assets
G4 Representative). | interface (le-g-, positives). Existing systems do not provide a comprehensive Common
1o genera Operating Picture. Unit location is not necessarily predictable
architecture) for 3 g A . yp
configuring and for ISR, is an important part of management and
ground sensors. allocation (e.g., distance to the target or area of interest). A
Sometimes Potentially saves dynamic, integrated Common Operating Picture would
requests take too | time and improves X y ’ N g .p g
long to get ISR coverage. increase Soldier awareness of available ISR resources and
Unofficial ISR | Off the books fulﬁllgd (eg, Canhgre?ﬂy ‘Speid help keep “options available” as opposed to committing to an
requests ISR requests ?Nfzveeelfstlé“ :‘f;efltéie(g;; f;) irreversible course of action. The issue of limited information
(Soldiers call | (not put through | 4100 0rgo | to two weeks down on locations of ISR units between echelons and coalition
these ‘drug the official fulfilled with . . . . -
deals’) chain of un lle wit g’llﬁmutgs)- N partners is due to different systems, lack of interoperability,
(1,3) command). o exp anaton hough rare, this security, and possibly additional issues. Locations of ISR

using the official

method allows

process. Soldiers to obtain
The method for ISR assets owned
putting in by echelons
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assets are often reported over the radio. One Soldier had an
intriguing suggestion: using technology to process radio
reports of unit locations to update asset location on digital
maps.

2 http://www.google.com/earth/index.html



B. Adapative Decision Aids

In the military domain, empirical research on cognitive
performance with decision aids is rare. A notable exception is
evidence for enhanced cognitive performance in Mission
Command with specific decision aids [29]. In a similarly
unpredictable and safety-critical domain, health care, the
effectiveness of decision aids for clinician performance is
mixed [30]. The mixed results in health care are partially
attributed to mismatches between the often rigid
implementation decision aids with unpredictable work
processes [28]. Implementation of decision aids is a complex,
multidimensional problem due to the variety of decision aids
and their varying levels of automation [8].

Nevertheless, decision aids may help mitigate ISR resource
management and allocation challenges. In particular, it would
be useful to provide Soldiers with ISR asset recommendations
based on rationale for matching sensor and corresponding
platform capabilities to different allocation tasks. Furthermore,
decision aids may be expanded to assist with flight planning to
help novice air asset operators perform like experts and to
represent sensor capabilities (e.g., imagery, SIGINT) and the
auditory signatures of air assets over different terrain, weather,
and other environmental conditions.

The technological approach we are pursuing for decision-
aiding is the SAM system [20], [21]—an artificial intelligence
(AI) system for ISR resource allocation. SAM uses a
controlled natural language as a common human and machine-
readable representation of knowledge, thus it is likely to have
greater transparency to humans than black box Al. In addition,
an interactive conversational interface for SAM is under
development, allowing users to change and update ISR
allocation tasks [31]. We plan to conduct behavioral research
to assess and iteratively improve SAM for human cognitive
performance (see [32]).

C. Security

Partial automation of security may increase the speed,
quantity, and critically the quality of information sharing. One
approach that we are investigating is using controlled natural
language to automate sharing ISR assets between coalition
partners and echelons [33]; this approach may also work for
automation of information sharing policies. Soldiers reported
that Palantir> (a software system for general intelligence
analysis) has security and data-sharing policies, automating
sharing of information, and intelligence products.

D. Other Gaps

Other gaps may also be addressed by ongoing technology
efforts. The loud auditory signatures of air platforms may be
partially mitigated by a combination of technological
advances in design and acoustic modeling [34]. For example,
this could be accomplished through integration of acoustic
modeling to depict asset auditory signatures in flight planning
software and real-time modeling during the operating of air

? http://www.palantir.com/solutions/intelligence/
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platforms. Signal modeling could also be implemented as
decision aids, recommendations to improve asset “coverage”
(e.g., visible imagery, SIGINT). In addition, interoperability
issues with configuration and alerts from ground sensors may
be minimized with open architecture standards (e.g., Open
Geospatial Consortium’s Sensor Web Enablement Initiative*
and Terra Harvest’). Such standards may enable integration of
disparate ISR sensor feeds into a single system.

E. Integration

We strongly recommend that novel technology is integrated
into an existing Mission Command System instead of creating
another new system. Unless a new Mission Command System
is truly a usable “system of systems,” the introduction of yet
another system is likely to create more problems for Soldiers
than will be solved. The sheer number of different Mission
Command Systems is a general and growing problem for the
military. In response to the question of developing new
capabilities, nearly all Soldiers called for integration with
existing systems. Poor system interoperability often means the
same information must be manually re-entered or “fat-
fingered” into multiple systems. Stove-piping of systems is
likely to result in data-entry errors and time delays in
analyzing and disseminating intelligence. In a coalition
context, the number of different systems is likely even greater,
further exacerbating this problem.

V.

We applied approaches from Human Factors to identify
gaps in ISR and provided recommendations for technology.
The wide range of the gaps indicates the scope of the
challenges for implementing technology.

CONCLUSION

This paper has strengths and weaknesses. The strengths are
identifying gaps from the Soldier perspective, rather than only
a technological one, and a relatively large number of subject
matter experts compared to similar research. A weakness is
the use of self-report, qualitative data from interviews.
Stronger empirical inferences can be made from other research
methods, such as observational data and objective,
quantitative data (e.g., [35]). Another weakness is the focus on
breadth over depth. This is a general limitation of analysis at
the more abstract, functional or activity, level compared to the
specific lower level of tasks and cognitive task performance.
Given the unpredictability and adaptability of Soldier
activities in ISR, combined with its high dimensionality
(system interactions), we assert that a broad understanding of
problems is an informative starting point. Our work has high
breadth, identifying general gaps in ISR, but limited detail for

gaps.

Technology has enormous potential to enhance the
effectiveness in ISR, but for technology to be effective it must
provide solutions to actual Soldier needs. In future work, we
plan to research human decision-making for ISR allocation

% http://www.opengeospatial.org/domain/swe
> http://www.terraharvest.net/




with and without decision-aids using SAM. Results from
future work may help iteratively refine the capabilities of
technical systems, enhancing human performance.

ACKNOWLEDGMENTS

We thank the Soldier subject matter experts for their time
and thoughtful and insightful input. Also, we acknowledge
Paul Sullivan and Sue Toth for their expertise (neither were
interviewed), Dan Cassenti and LTC Trent for their helpful
comments, and Mark Gatlin and Jessica Schultheis for editing
the paper. Lastly, we are grateful to Ellen Haas, Debbie Patton,
Diane Ungvarsky, and several anonymous Soldiers for their
advice and assistance in finding subject matter experts.

REFERENCES

[1] D. Deptula, “Air force ISR in a changing world: Changing paradigms
while optimizing ‘low density’ to meet ‘high demand’,” presented at the
American Institute of Aeronautics and Astronautics Conf., 2010.

[2] “Joint Publication 1-02: Department of Defense Dictionary of Military
and Associated Terms,” U.S. Department of Defense, Jan. 2011.
Auvailable: http://ra.defense.gov/documents/rtm/jpl_02.pdf

[3] “Army Doctrine Reference Publication No. 2-0 (FM 2-0),”
Headquarters, Department of the Army, Aug. 2012. Available:
http://armypubs.army.mil/doctrine/DR_pubs/dr_a/pdf/adrp2_0.pdf

[4] A. Preece, D. Pizzocaro, D. Braines, D. Mott, G. de Mel, and T. Pham,
“Integrating hard and soft information sources for D2D using controlled
natural language,” in Proc. Information Fusion Conf., pp. 1330-1337,
2012.

[5] R.R. Hoffman, P. J. Feltovich, K. M. Ford, and D. D. Woods, “A rose
by any other name... would probably be given an acronym [cognitive
systems engineering],” IEEE Intell. Syst., vol. 17, no. 4, pp. 7280,
2002.

[6] H. A. Simon, The Sciences of the Artificial. Cambridge, MA: MIT Press,
1996.

[71 J. Z. Bakdash and F. A. Drews, “Human Factors/Ergonomics,”
Encyclopedia of Behavioral Medicine. New York: Springer, pp. 999—
1003, 2013.

[8] C. D. Wickens, S. E. Gordon, and Y. Liu, An Introduction to Human
Factors Engineering. New York: Longman, 1998.

[91 D. A. Norman, The Design of Everyday Things. New York: Basic
Books, 2002.

[10] F. T. Durso and F. A. Drews, “Health care, aviation, and ecosystems: A
socio-natural systems perspective,” Current Directions in Psychological
Sci., vol. 19, no. 2, pp. 71-75, 2010.

[11] “Unmanned aircraft systems roadmap 2005-2030,” U.S. Office of the
Secretary of Defense, 2005. Available:
https://www.fas.org/irp/program/collect/uav_roadmap2005.pdf

[12] “Lead turning the future: The 2008 strategy for United States Air Force
intelligence, surveillance and reconnaissance,” Headquarters, U.S. Air
Force, 2008. Available:
http://www.af.mil/shared/media/document/AFD-081201-007.pdf

[13] “Global integrated intelligence, surveillance, & reconnaissance
operations: Air Force doctrine document 2-0,” U.S. Air Force, 2012.
Available: http://www.fas.org/irp/doddir/usaf/afdd2-0.pdf

[14] “Unmanned systems integrated roadmap FY2011-2036,” U.S.
Department of Defense, 11-S-3613. Auvailable:
http://www.defenseinnovationmarketplace.mil/resources/UnmannedSyst
emsIntegratedRoadmapFY201 1.pdf

[15] G. Pearson, “Dynamic management of layered ISR systems,” in Proc. of
SPIE: Ground/Air Multisensor Interoperability, Integration, and
Networking for Persistent ISR II1, vol. 8389 838906-7, 2012.

[16] G. Pearson and J. Lemon, “Vision and critical challenges in exploiting
distributed data for distributed decision making,” in Proc. of SPIE:
Defense Transformation and Net-Centric Systems, vol. 80620C—
80620C-10, 2011.

1905

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

H. J. Ortiz-Peiia, R. Nagi, M. Sudit, M. D. Moskal, M. Dawson, J. Fink,
T. Hanratty, E. Heilman, and D. Tuttle, “From information needs to
information gathering: A system optimization perspective to ISR
synchronization,” in Proc. of SPIE: Ground/Air Multisensor
Interoperability, Integration, and Networking for Persistent ISR III, vol.
8389 838912-1, 2012.

J. Llinas, R. Nagi, D. Hall, and J. Lavery, “A multi-disciplinary
university research initiative in hard and soft information fusion:
Overview, research strategies and initial results,” in Proc. Information
Fusion Conf., pp. 1-7, 2010.

A. Preece, T. Norman, G. de Mel, D. Pizzocaro, M. Sensoy, and T.
Pham, “Agilely assigning sensing assets to mission tasks in a coalition
context,” IEEE Intell. Syst., vol. 28, no. 1, pp. 57-63,2013.

A. Preece, M. Gomez, G. de Mel, W. Vasconcelos, D. Sleeman, S.
Colley, G. Pearson, T. Pham, and T. La Porta, “Matching sensors to
missions using a knowledge-based approach,” in Proc. of SPIE: Defense
Transformation and Net-Centric Systems, vol. 6981 698109—1, 2008.

D. Pizzocaro, A. Preece, F. Chen, T. L. Porta, and A. Bar-Noy, “A
distributed architecture for heterogeneous multi sensor-task allocation,”
in International Conf. on Distributed Computing in Sensor Systems and
Workshops, pp. 1-8, 2008.

S. L. Lingel, C., Rhodes, A. Cordova, J. Hagen, J. Kvitky, and L.
Menthe, “Methodology for improving the planning, execution, and
assessment of intelligence, surveillance, and reconnaissance operations,”
RAND Corporation., 2008. Available:
http://www.rand.org/pubs/technical_reports/TR459.html

“The United States Army’s Concept Capability Plan (CCP):
Intelligence, Surveillance, and Reconnaissance,” U.S. Army, Aug. 2008.
Auvailable: http://www.tradoc.army.mil/tpubs/pams/p525-7-9.pdf

N. Naikar, R. Hopcroft, and A. Moylan, “Work domain analysis:
Theoretical concepts and methodology,” DTIC Document, 2005.
Available: http://www.dtic.mil/cgi-bin/GetTRDoc? AD=ADA449707

A. Cooper, R. Reimann, and D. Cronin, About Face 3: The Essentials of
Interaction Design. Indianapolis, IN: John Wiley & Sons, 2012.

D. A. Norman, “Logic versus usage: the case for activity-centered
design,” ACM Interactions, vol. 13, no. 6, pp. 45 and 63, 2006.

J. F. Teufert, “Development and implementation of a NATO-wide state-
of-the-art interim geospatial intelligence support tool,” in Proc. of SPIE:
Sensors, and Command, Control, Communications, and Intelligence
Technologies for Homeland Security and Homeland Defense III, Vol.
5403, 2004.

H. S. Kramer and F. A. Drews, “Does the shoe fit? Applying lessons
learned in aviation to healthcare,” in Proc. of the Human Factors and
Ergonomics Society Annu. Meeting, vol. 56, no. 1, pp. 936-940, 2012.

D. S. Hall, L. G. Shattuck, and K. B. Bennett, “Evaluation of an
ecological interface design for military command and control,” J. of
Cognitive Engineering and Decision Making, vol. 6, no. 2, pp. 165-193,
2012.

A. N. Garg AX, “Effects of computerized clinical decision support
systems on practitioner performance and patient outcomes: A systematic
review,” J. of the American Medical Association, vol. 293, no. 10, pp.
1223-1238, 2005.

D. Pizzocaro, C. Parizas, A. Preece, D. Braines, D. Mott, and J. Z.
Bakdash, “CE-SAM: A conversational interface for ISR mission
support,” in Proc. of SPIE : Defense, Security, and Sensing, 2013.

J. Z. Bakdash, “The human dimension of network enabled operations:
Cognitive performance in mission command,” in Annu. Conf. of the ITA,
2012.

C. Parizas, D. Pizzocaro, A. Preece, and P. Zerfos, “Managing ISR
sharing policies at the network edge using Controlled English,” in Proc.
of SPIE: Defense, Security, and Sensing, 2013.

N. E. Antoine and I. M. Kroo, “Aircraft optimization for minimal
environmental impact,” J. of Aircraft, vol. 41, no. 4, pp. 790-797, 2004.
W. R. Shadish, T. Cook, and Campbell, D T. Experimental and Quasi-
Experimental Designs for Generalized Causal Inference. New York:
Houghton Mifflin Company, 2002.



(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

DEFENSE TECHNICAL
INFORMATION CTR
DTIC OCA

DIRECTOR

US ARMY RESEARCH LAB

RDRL CIO LL

IMAL HRA MAIL & RECORDS MGMT

GOVT PRINTG OFC
A MALHOTRA

ARMY RSCH LABORATORY —HRED
RDRLHRM C A DAVISON

320 MANSCEN LOOP STE 115

FORT LEONARD WOOD MO 65473

ARMY RSCH LABORATORY — HRED
RDRL HRM D

T DAVIS

BLDG 5400 RM C242

REDSTONE ARSENAL AL 35898-7290

ARMY RSCH LABORATORY — HRED
RDRLHRSEA DRV IJRICE

BLDG 4011 RM 217

1750 GREELEY RD

FORT SAM HOUSTON TX 78234-5002

ARMY RSCH LABORATORY — HRED
RDRL HRM DG JRUBINSTEIN
BLDG 333

PICATINNY ARSENAL NJ 07806-5000

ARMY RSCH LABORATORY — HRED
ARMC FIELD ELEMENT

RDRLHRM CH C BURNS

THIRD AVE BLDG 1467B RM 336
FORT KNOX KY 40121

ARMY RSCH LABORATORY - HRED
AWC FIELD ELEMENT

RDRL HRM DJ D DURBIN

BLDG 4506 (DCD) RM 107

FORT RUCKER AL 36362-5000

ARMY RSCH LABORATORY — HRED
RDRL HRM CK JREINHART

10125 KINGMAN RD BLDG 317
FORT BELVOIR VA 22060-5828

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

(PDF)

ARMY RSCH LABORATORY - HRED
RDRL HRM AY M BARNES

2520 HEALY AVE

STE 1172 BLDG 51005

FORT HUACHUCA AZ 85613-7069

ARMY RSCH LABORATORY - HRED
RDRL HRM AP D UNGVARSKY
POPE HALL BLDG 470

BCBL 806 HARRISON DR

FORT LEAVENWORTH KS 66027-2302

ARMY RSCH LABORATORY - HRED
RDRL HRM AT JCHEN
12423 RESEARCH PKWY
ORLANDO FL 32826-3276

ARMY RSCH LABORATORY - HRED
RDRL HRM AT C KORTENHAUS
12350 RESEARCH PKWY

ORLANDO FL 32826-3276

ARMY RSCH LABORATORY —HRED
RDRL HRM CU B LUTAS-SPENCER
6501 E 11 MILE RD MS 284

BLDG 200A 2ND FL RM 2104
WARREN MI 48397-5000

ARMY RSCH LABORATORY - HRED
FIRES CTR OF EXCELLENCE

FIELD ELEMENT

RDRL HRM AF C HERNANDEZ
3040 NW AUSTIN RD RM 221

FORT SILL OK 73503-9043

ARMY RSCH LABORATORY — HRED
RDRL HRM AV W CULBERTSON
91012 STATION AVE

FORT HOOD TX 76544-5073

ARMY RSCH LABORATORY - HRED
HUMAN RSRCH AND ENGRNG
DIRCTRT MCOE FIELD ELEMENT
RDRL HRM DW C CARSTENS

6450 WAY ST

BLDG 2839 RM 310

FORT BENNING GA 31905-5400

ARMY RSCH LABORATORY - HRED
RDRL HRM DE A MARES

1733 PLEASONTON RD BOX 3
FORT BLISS TX 79916-6816



(PDF)

(PDF)

(PDF)

12
(PDF)

ARMY RSCH LABORATORY - HRED
SIMULATION & TRAINING
TECHNOLOGY CENTER

RDRL HRT COL M CLARKE
RDRL HRT | MARTINEZ
RDRLHRTT RSOTTILARE
RDRLHRT B N FINKELSTEIN
RDRL HRT G A RODRIGUEZ
RDRLHRT | JHART
RDRLHRT M C METEVIER
RDRLHRTS BPETTIT

12423 RESEARCH PARKWAY
ORLANDO FL 32826

ARMY RSCH LABORATORY - HRED
HQ USASOC

RDRL HRM CN R SPENCER

BLDG E2929 DESERT STORM DRIVE
FORT BRAGG NC 28310

ARMY G1

DAPE MR B KNAPP

300 ARMY PENTAGON RM 2C489
WASHINGTON DC 20310-0300

ABERDEEN PROVING GROUND

DIR USARL
RDRL HR

L ALLENDER

P FRANASZCZUK
RDRL HRM

P SAVAGE-KNEPSHIELD
RDRL HRM AL

C PAULILLO
RDRL HRM B

J GRYNOVICKI
RDRLHRM C

L GARRETT
RDRL HRS

JLOCKETT
RDRL HRS B

M LAFIANDRA
RDRLHRS C

K MCDOWELL
RDRLHRS D

B AMREIN
RDRL HRS E

J BAKDASH

D HEADLEY



