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ABSTRACT

The limitations that human operators impose on task
execution are rarely integrated into simulations of complex
systems, resulting in considerable loss of outcome fidelity. A
discrete-event simulation tool, Micro Saint, was used to
stochastically model the impact of human interactions in a
comprehensive model of the next generation US Navy
destroyer, DD21, to support the Blue contract competitor
team. Mission essential tasks performed by a 3-operator and
a 4-operator configurations were modeled during a demanding
2.5 hour land attack scenario. Estimates of utilization rate for
the two configurations revealed that two of the operators were
tasked more frequently during the 3-operator configuration
compared to a 4-operator configuration. Workload estimates
showed that Operator 2 was working with significantly
increased workload for the smaller watchteam configuration.
The workload for Operator 2 dropped 36% when Operator 4
was added to the mission. This over tasking likely contributed
to the finding that the smaller configuration could not respond
to a call for fire in support of ground forces before 179
seconds whereas the 4 operator team responded within 61
seconds. The DD21 model suggests that the small watchteam
configuration might not be acceptable, particularly during
missions lasting over several days.

1 INTRODUCTION

The impact of human behavior in computer simulations of
complex systems is often disregarded, resulting in a loss of
outcome fidelity and realism. Including human behavior
issues early in the development of sophisticated design
strategies often reveals systems better suited to automation
than human intervention. Similarly, a variety of human
interface solutions and the effects of operator workload can
be evaluated. Small-computer derived network simulation
models are ideal for these studies and provide an economic
alternative to constructing full-scale prototypes and testing
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a large number of human operators under different
conditions (Laughery 1999).  Task network simulation
tools are gaining importance and are particularly useful for
military systems that can be costly and can require frequent
design changes to accommodate advances in technology
(Pew and Mavor 1997).

Micro Saint is a discrete-event task network simulation
tool that stochastically models the impact of human
interaction in system operations of varying complexity and
can provide realistic outcome expectations (See et al. 1997).
It was developed as an engineering tool to reduce complex
tasks to smaller individual networks of tasks. It is ideally
suited to similarly reducing complex human operator tasks
so that different solutions and timing strategies to task
completion can be devised (Laughery 1989). Task timing is
user defined from average times and standard deviations
provided by subject matter experts and is estimated to be
normal, gaussian or rectangular distributions. These
pathways and probability levels at key points in the network
designs allow for multiple routes to the same solution
through the networks.  The variability associated with
different outcome times allows for multiple executions of
the network to emulate variable human response
characteristics suitable for subsequent statistical analysis
(Lawless et al. 1995; See et al. 1998). Verification and
validation studies have been conducted favorably comparing
Micro Saint-based simulation timing and workload
predictions to real world military operations (McMahon,
Spencer and Thornton 1995; Allender et al. 1997).

The US Navy is considering designs for a new
generation of Zumwalt-class destroyers (DD-21) that will
increase mission capability while dramatically reducing the
manning from current operations. Blue team is one of two
contract competitors for the ship design and has an
integrated human systems interface approach. The DD21
Micro Saint model represents a significant part of that
effort. The entire ship’s complement is expected not to
exceed 95 personnel, a reduction of about 66% overcurrent
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destroyer manning (O’Brien 2000). Micro Saint was
selected to assist in determining the adequacy of
integrating the reduced manning with the ability of the ship
to perform its mission. A comprehensive Micro Saint
model of all of the warfare and maintenance areas of the
ship was designed. Thus all of the operator tasks involved
in land attack, undersea warfare, air defense, surface
warfare and information warfare excursions were modeled.
The DD21 simulation is completely autonomous and
includes proactive as well as reactive mission events such
as responding to threats, altering course and re-directing
fire. The model was given five standard operational
scenarios to negotiate to determine the adequacy of the
number and organization of the crew. Additionally, the
effect on crew mental and physical workload was
estimated to determine if the operators were unrealistically
tasked by the mission activities.

A demanding high operational tempo mission was
utilized so that extreme conditions estimate of manning
requirements could be obtained. The hypothesis to be
tested consisted of comparing two different watchteam
configurations in the completion times to engage in a 168
minute battle involving land support, ship defense and
target strikes.  Specifically, a smaller team of three
watchteam officers was expected to take far longer to
complete the mission than a four watchteam configuration.
Further, the smaller watchteam configuration was expected
to experience much greater mental workload demands than
the larger watchteam.

2  METHODS

Subject matter experts for the five warfare areas provided
the Micro Saint timing means and probabilities for all of the
DD21 tasks during a series of meetings. A small part of one
of the Land Attack networks for the model is shown in
Figure 1. The entire DD21 model consists of 740 such tasks
of which 306 require human intervention. The remaining
tasks were representations of automated tasks. Tasks are
typically called hundreds of times during a scenario.

Workload was estimated from a scale developed by
McKracken et al. (1984) and later enhanced by Szabo, et
al. (1987) and Aldrich, et al. (1989). Their scale was
originally developed to provide a workload estimate
compatible with Wickens (1984) in which mental workload
is viewed as consisting of multiple cognitive resources.
The scale was originally designed for use in discrete task
network tools. There are 4 resources or components
typically used in mental workload models; visual, auditory,
cognitive, and psychomotor. Typically, the visual and
auditory components refer to the information processing of
stimuli surrounding a mission task event.

The cognitive component consists of the information
processing synthesis. The psychomotor component is
directed by the physical responses required of a mission
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event. The scale for each component ranges from 0 (very
low workload) to 7 (very high workload).
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Figure 1: A Very Small, Abridged Example of a Micro
Saint Task Network for the Land Attack Warfare Area
(LAW) of the DD-21 Model; the Ellipses Have a User-
Defined Probabilistic Outcome whereas the Rectangles
Contain or Refer to Other Task Networks; the Dashed
Ellipses are Automated Tasks

The scenario that was evaluated for the purposes of
this analysis focused on a Land Attack engagement, which
took place in the littoral environment of the DD2I
simulation. It consisted of a 2 hour and 48 minute land
attack mission to support ground troops advancing on the
beach. It begins with the first of two calls for fire support
commands to DD21 located about 20 nautical miles off
shore. In addition, a coastline defense shore battery fires
on DD21 with missiles that must be defeated. The second
call for fire command is executed within 15 minutes of the
first. Finally, the scenario calls for planning and execution
of a missile strike against 7 on-shore targets. The timing
of these mission events is shown in Figure 2. In the figure,
Tactical Land Attack Missiles (TLAM) and Advanced Gun
System (AGS) rounds (RNDS) operations were simulated.
The DD21 model also accounted for the ship’s position as
it navigated through the scenario. Only the Land Attack
Warfare area was considered in this report.

The DD21 model was run 30 times to provide a power
of 0.86 for a between group Analysis of Variance with
significance levels set at an alpha level of 0.05.

Comparisons were made between the two watch team
configurations for each of the workload areas and
utilization rates, followed by the Scheffe test for post hoc
analyses. Data for Utilization levels (0-100%) were
collected every second during the engagement. Operator
workload rates were collected for each watch position
every time they were tasked in the mission.
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Figure 2: The Land Attack Scenario used in the 2.48 Hour,
DD-21 Mission; there were 2 Call for Fire (CFF) Epochs,
Counterfire from Shore (CRS) Epochs, and One Strike
Epoch Involving 7 Targets (TGT)
3 RESULTS
During the 30 runs of the DD21 model for the Land Attack
scenario for each of the two configurations, the average
response latency was 61 seconds for the 4-operator
configuration and 179 seconds for the 3-operator
configuration after the two CFF’s.

The utilization rate for Operator 2 is shown in Figure
3. These data refer to a second by second percentage of
utilization capacity. The data collected for all operators
during the mission were used to generate the graph in
Figure 4. An average utilization frequency, the number of
times in seconds each operator was tasked, shows that
Operator 2 and 3 were significantly more tasked in the 3
operator configuration than in the 4 operator configuration.
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Figure 3: Example of Utilization Rate for an Operator
During the Land Attack Warfare Scenario; note the
Example Does Not Contain Situation Assessment Events
(Information Gathering Tasks) and Only Refers to
Operation Events
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Utilization Frequency for 2 Operator Configurations
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Figure 4: The Frequency with which Operators are Tasked
in the 3 Operator (Ops=3) and 4 Operator (Ops=4)
Conditions during the DD21 Land Attack Scenario;
Operator 2 and 3 Utilization Frequencies (*) were Greater
with 3 than with 4 Operators

Workload data were collected for 4 mental resources;
visual, auditory, cognitive and psychomotor. All 4 resource
areas demonstrated a significant increase in workload for
Operator 2 in the 3 operator configuration compared to the 4
operator configuration. These results are demonstrated in
the overall workload data shown in Figure 5.
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Figure 5: The Average Overall Workload (Combined
Visual, Auditory, Cognitive, Psychomotor) with which the
Individual Operators are Tasked in the 3 Operator (Ops=3)
and 4 Operator (Ops=4) Conditions during the DD21 Land
Attack Scenario; Operator 2 Workload (*) was Greater
with 3 than with 4 Operators

4 DISCUSSION

Land attack fire support is the most important mission of
DD21. If an operator cannot immediately get to a task, it
waits in a queue until there is time. These provide an
estimate of how long it would take an operator in a high
workload environment to get to a task. The DD21 model
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assigns a priority to task completion as well, allowing
higher priority tasks to advance in the queue beyond less
priority tasks, so it is unlikely that less demanding tasks
could account for a slowed response time.

Using the response time for a CFF as the primary
operational measure of performance, the 3 operator
configuration may not be ideal. The high workload
associated with operator 2’s utilization rate and overall
workload suggests that unusually high tasking is associated
with the demands of this position. It may be possible to
distribute the workload to less utilized operators during
intense combat scenarios. These options will be tried in
subsequent tests of the model.

Micro Saint seems to be a satisfactory tool for
identifying high workload conditions by operator. In a
study of the operational relevance of two different discrete
network simulation packages, See (1997) found that
compared to Task Analysis/Workload (TAWL) simulations
in a simulated attack on a Scud missile site, Micro Saint
was more flexible and versatile.

System analyses, such as the DD21 model, often
reveal tasks better suited for automation than human
intervention. In one iteration of the model for example, a 4
second task was executed over 100 times in a brief period
of time. Such a task might involve considerable distraction
for the operators and would perhaps be amenable to
automation.

The utilization rates in the DD21 model used for the
analysis did not capture an important tasking of the
operators, that of information gathering as the mission
unfolds. Most of the operator time would be spent
collecting information about targeting, threats and mission
objectives. Current versions of the DD21 model consider
this type of situational assessment and account for a
substantially greater, more realistic, utilization rate.

REFERENCES

Aldrich, T.B., Szabo, S.M. and Bierbaum, C.R. 1989. The
development and application of models to predict
operator workload duringsystem. In G.R. McMillan,
D. Beevis, E. Salas, M.H. Strub, R. Sutton and L.van
Breda(Eds.) Applications of Human Performance
Models to System Design. New York: Plenum Press.

Allender, L.,Kelley, T., Archer, S. and Adkins, R. 1997.
IMPRINT: The transition and further Development of
a soldier-system analysis tool. MANPRINT Quarterly,
5(1):1-7.

Endsley, M.R. 1995. Toward a theory of situation
awareness in dynamic systems. Human Factors,
37(1): 32-64.Laughery, K.R. 1989. Micro Saint: A tool
for modeling human performance in systems. In G.R.
McMillan, D. Beevis, E. Salas, M.H. Strub, R. Sutton
and L.van Breda (Eds.) Applications of Human

1405

Performance Models to System Design (pp 219-230)
New York: Plenum Press.

Laughery, K.R 1999. Modeling human performance during
system  design. In E. Salas (Ed) et al
Human/Technology Interaction in Complex Systems,
Vol 9 Stamford, CT: Jai Press, pp 147-174.

Lawless, M.T., Laughery, K.R. and Persensky, J.J. 1995.
Using Micro Saint to predict performance in a nuclear
power plant control room: A test of validity and
feasibility (Technical Report No NUREG/CR-6159),
Washington, D.C.: Division of Systems Technology
Office of Nuclear Regulatory Research.

McKracken, J.H. and Aldrich, T.B. 1984. Analyses of
selected LHX mission functions: Implications for
operator workload and system automation goals.
Technical Report No. ASI479-024-84. Fort Rucker,
AL. US Army Research Institute for Behavioral and
Social Sciences.

McMahon, R, Spencer, M., and Thornton, A. 1995. A
quick response approach to assessing the operational
performance of the XM93E1 NBCRS through the use
of modeling and validation testing. Proceedings of the
Military Operations Research Society.

O’Brien, K. 2000. Manpower analysis report. BIW/LMC
DD21 Team. Government Agreement No. N00024-98-
9-2300, 28 January, 2000.

R.W. Pew and A.S. Mavor (Eds). 1997. Representing
Human Behavior in Military Simulations: Interm
Report. Panel on Modeling Human Behavior and
Command Decision Making. Washington DC:
National Academy Press.

See, J.E. and Vidulich, M.A. 1998. Computer modeling of
operator mental workload and situational awareness in
simulated air-to-ground combat: An assessment of
predictive validity. [International Journal of Aviation
Psychology, 8(4):351-375.

See, J.E. and Vidulich, M.A. 1997. Computer modeling of
operator mental workload during target acquisition: an
assessment of predictive validity. Al/CF-TR-1997-
0018. January 1997.

Szabo, S.M. and Aldich, T.B. 1987. A comprehensive task
analysis of the UH-60 workload prediction model.
(Technical Report No. ASI690-302-87, Fort Rucker
AL: Anacapa Sciences, Inc.

Wickens, C.D. 1984. Engineering Psychology and Human
Performance. Columbus, OH: Merrill.

AUTHOR BIOGRAPHIES

CLYDE WETTELAND is a System Analyst for Micro
Analysis and Design, Inc. and is currently the MA&D
Project Leader for DD21. Prior to joining MA&D Mr.
Wetteland was an Instructional Systems Technician at the
Naval Air Warfare Center Training Systems Division,
where he worked on several advanced training projects



Wetteland, Miller, French, O’Brien, and Spooner

including the Shipboard Mobile Aid for Training and
Evaluation (ShipMATE) and the Advanced Embedded
Training system Advanced Technology Demonstration.
Mr. Wetteland is a former Signals Analyst and Cryptologic
Officer in the United States Navy and holds master’s
degree in Instructional Technology from the University of
Central Florida. His email address is <cwetteland@
maad.com>.

JEFF MILLER, is a staff analyst for Micro Analysis and
Design, Inc. who is involved with various discrete task
modeling projects designed to develop to workload and
manning requirements for next generation combatant
systems. Mr. Miller has extensive military operational
experience obtained during his career as a Flight Officer in
the United States Navy. Mr. Miller’s educational
experience includes a M.S. in Space Systems Operations
through the Naval Post Graduate School, Monterey, CA
(1994) and a B.S. in Electronic Engineering Technology
through Florida A&M University, Tallahassee, FL (1987).
His email address is <jmiller@maad.com>.

JONATHAN FRENCH received a Ph.D. in Physiological
Psychology at Colorado State University. He completed
post doctoral training at Cornell University Medical
College and worked as a pharmacologist at the Parke-
Davis Co and the University of Michigan. Dr. French
served as a civilian scientist for the U.S. Air Force
Research Laboratory at Brooks AFB in the area of
sustained operations. He is currently a Senior Research
Psychologist for Micro Analysis and Design. <jfrench@
maad.com>.

DAN SPOONER is a Human Factors and System
Engineer with Lockheed Martin, Moorestown, NJ. He has
supported the development of the AEGIS Combat System
and the U.S. Navy's newest ship development program,
U.S.S. ZUMWALT (DD 21). Prior to joining Lockheed
Martin, he served for 12 years as an active duty U.S. Navy
Officer in surface combatants. After active duty he
affiliated with the U.S. Navy Reserve and has served in
Coastal Warfare and Military Sealift Command Reserve
units through the job of Commanding Officer. He holds a
B.S. from the Pennsylvania State University, and an M.S.
in Information Systems from the Naval Postgraduate
School. Dan Spooner’s email address is <daniel.j.
spooner@lmco.com>.

1406



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

