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Background

Organizations are facing increasing demands that
accompany the ubiquitous change characteristic of
contemporary work domains.1, 2 To accommodate some

of these changes, organizations implement work teams.3, 4, 5

Traditionally, the military has relied on teams of people to
accomplish their missions. This is particularly evident within the
realm of logistics. Military logistics involves ensuring that the
right material elements of combat capability are delivered
together at the proper location and time while in a configuration
that is beneficial to the supported commander.6 United States Air
Force logistics utilizes many distributed teams throughout the
enterprise with the goal of transitioning from large, fixed
organizational units to smaller, more agile units.7, 8 Logistics
operations are increasingly complex as information exchanges
are conducted across distributed information nodes at demanding
operation tempo.9, 10 This is reflected in contemporary military
logistics doctrine (such as sense and respond logistics, distributed
adaptive logistics, and focused logistics) which emphasizes
network-centric operations and adaptability as key determinants
of logistics success in military operations.11

The increased complexity and turbulent environments in
which logistics teams are required to operate introduce novel
requirements for team effectiveness. Past researchers have
conceptualized team types along a continuum from simple to
complex as determined by the performance contexts in which
the team is required to operate.12 Clearly, the logistics teams
operating in today’s warfare environment exist at the complex
end of the continuum. Such teams often perform highly structured
but dynamic tasks, share common goals, have specialized task
requirements and distributed expertise, and have differentiated
roles but coordinated patterns of interdependencies dictated by

task requirements.13 A key determinate of effectiveness in such
teams is the ability of team members to integrate their individual
efforts and balance their workflow interdependencies to
changing situational demands. Moreover, adaptability as a
performance capability of teams is critical to interdependent
work teams and long-term team effectiveness.14

As with the overall logistics domain, the teams operating in
the warfare environment are best viewed as an adaptive network
where individual roles (nodes) and the links between them can
be reconfigured or adapted to meet changing task demands. To
achieve effective team performance, team members must develop
appropriate knowledge and skills in order to comprehend the
patterns of role exchange and the relation of differing network
patterns to changing task demands.15 In order to examine such
performance and determine if the appropriate knowledge and
skills are being developed, we must adopt a process-oriented,
developmental perspective and assess team performance under
changing task demands.

Information managers, or knowledge workers, in logistic
readiness centers dedicate many hours to collecting information
worldwide; they analyze that information, then they redistribute
the combined knowledge necessary for military planners to
make informed decisions. This places human operators at the
heart of logistics networks. However, technology solutions and
sophisticated mathematical algorithms tend to be the focus of
logistics research.16, 17 The success of these knowledge workers
is dependent on distributed teams working collaboratively on a
shared information space. Lessons learned from Operation Iraqi
Freedom emphasize the importance of information exchange
between logistics operators.18 Even where information is
gathered, analyzed, and then acted upon at a base-wide scale,
distributed teams are key to the success of the mission. Examples
of base-size teams include the coordination of aircraft
maintenance activities, sortie generation and logistics planning,
and generalized aerial port operations. Effective collaboration
is a key facilitator amongst these distributed logistics teams.

Collaboration in a general sense refers to the cooperative
exchange of information that may result in a novel product or
idea.19 Modern day logistics operations often involve



Air Force Journal of Logistics50

interactions among coalition forces in joint operations, thus
placing greater reliance on effective collaboration. One way that
researchers can gain a better understanding of the factors that
influence team collaboration and performance is to design
experimental scenarios that require teams to work together on
tasks requiring coordination, planning, and problem solving.
Laboratory environments are increasingly being used to examine
team performance.20 However, the development of team-based
laboratory scenarios is limited by potentially extracting the
physical fidelity that facilitates generalization from the research
scenario to the applied setting. Modern simulations, albeit at a
high cost, can replicate many of the intricate details of operational
settings and are often used in aviation domains. Unfortunately,
financial concerns will preclude the development of many of
these high-fidelity simulations. In contrast, the psychological21

or task-related (synthetic) fidelity22 of a laboratory scenario may
provide a very viable alternative. Even simulations of very low
physical fidelity can be useful in predicting performance when
they are task relevant.23 Researchers at the Cognitive Engineering
Research on Team Tasks Laboratory24, 25 epitomize the
development of team-based laboratory tasks. Their scenarios and
tasks replicate the behaviors and skills represented in the real
world domain.26 Similarly, the present research involves a
scenario with low physical fidelity yet high psychological and
task-related fidelity.

Further increasing the psychological fidelity of the task, the
Computer-Based Aerial Port Simulation (CAPS) scenario
replicates the demands of the dynamic, unpredictable
environment characteristic of warfare today. By injecting
common disturbances that can occur in natural settings into the
simulation and incorporating the assessment of the teams’
adaptive behavior in response to such disturbances, the outcomes
generated by the CAPS simulation provide increased
generalizability to real world settings. When examining team
collaboration, we must acknowledge that such coordination,
planning, and problem solving often occurs in turbulent ever-
changing environments, and therefore we must incorporate these
aspects into our studies. A goal of such studies should be to
provide novel situations that require adaptation and the display
of a new skill set and strategies that culminate in a deeper
understanding of the task and aid in future adaptive behavior.27

Aerial Port Operations

Aerial port operations are an excellent research domain for this
type of research. They provide researchers with team-level tasks
that are naturally organized in a distributed team context. The
behavior of successfully launching a sortie with the proper
passengers and cargo represents a viable candidate for an
objective performance measure to be assessed at the team level.
At a general level, aerial port squadrons consist of five primary
sections:

• Passenger services

• Fleet services

• Cargo services

• Ramp services

• Air terminal operation flight (ATOF)

Passenger services focuses on the in-processing, manifesting,
loading, and unloading of passengers. Fleet services provides

for the loading of aircraft supplies, ordering and delivery of meals
to the aircraft, and servicing of the aircraft. Cargo services are
responsible for the in-processing, prioritization and sequencing
of cargo. Ramp services’ primary responsibility is for the
uploading and downloading of cargo. ATOF represents the
information broker for the entire aerial port. The ATOF section
monitors all aerial port activities, ensuring that all the necessary
activit ies are accomplished,  and maintains constant
communication networks with the other four sections. Aircraft
requirements are passed down from ATOF to the other sections.

Aerial port squadrons are excellent candidates for empirical
work on logistics collaboration. Like many other distributed
logistics teams, they can be characterized as a virtual team.
Virtual teams are defined as two or more individuals who do the
following.

• Work interdependently

• Have and strive toward a common goal

• Use technology to interact28

Aerial port squadrons involve several team members who
possess unique sets of skills and conduct unique activities toward
the shared goal of completing aircraft requirements in the time
allotted. Furthermore, aerial port squadrons typically use
technology (e-mail, phones, and radios) to communicate within
the different sections during their operations. Thus, aerial ports
represent one form of virtual team.

Computer-Based Aerial Port Simulation

A Java-based platform was designed to simulate an aerial port
squadron. The platform, referred to as CAPS, consists of five
different subject stations whose functions were described in the
previous section (passenger services, fleet services, cargo
services, ramp services, and ATOF). An experimenter station was
also designed to allow for the scenarios to be loaded, the status
of the subjects and the scenario to be tracked, and psychological
assessments to be loaded and distributed to the different subjects.

The primary software components of interest are the
individual client-side subject stations that are operating during
the sessions. The challenge of the design of these components
includes displaying real time information about activity on the
flight line, as well as allowing the subjects to interact with the
flight line. This required real-time interactions with software
objects and manipulation of objects on the screen; therefore, the
latest version of a client-side language was used (Java Standard
Edition 5.0). Figure 1 displays an example of the general
graphical user interface (GUI). (The present GUI represents the
interface for the passenger services section).

To provide participants with a shared information space and
communication capabilities, it was critical that a database be used
for the storage, retrieval, and updating of information in a real
time manner. It was desirable to have a database that was not of
a proprietary nature, therefore mySQL was chosen. The tables
are all initialized when the experimenter begins the experiment.
Updating and retrieving of information are possible by all of the
subject stations as well. A simple chat tool was designed to
facilitate collaboration within the team. As shown in Figure 1,
participants had direct access to chat windows with each of the
other participants, as well as a general chat capability similar to
a chat room. All of the messages are logged in a database for later
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coding and analysis. The chat tool is remarkably similar to
contemporary instant messenger systems, and as such,
participants were expected to adapt to the system with relative
ease. However, from the experimenter perspective, the chat
feature records text outputs, timestamps each message, and
records the sender and the receiver of the message. All of the chat
information is written to an Excel spreadsheet at the conclusion
of each session, allowing for the content of the chat data to be
analyzed by the researchers with relative parsimony. Researchers
h a v e  s u g g e s t e d  t h a t
content-based analysis of
team communications has
been shown to be an effective
way to  assess  team-level
constructs.29

CAPS Training
Development

The Instructional  System
Design (ISD) model was used to
develop the training materials
for the simulation. Initially, the
required outcomes of  the
training were determined by the
developers of the experimental
platform in accordance with the
performance requirements
inherent in each of the five
individual subtasks within the
CAPS scenario. These same
individuals then developed a
w r i t t e n  o u t l i n e  o f  t h e
information needed by each
individual for success in each
subtask.  Next,  this group
designed and developed a
series of computer generated
slides w h i c h  d e s c r i b e d
a n d  demonstrated individual
task procedures (see Figure 2).
These slides were coded in
order to be displayed as a
slideshow (approximately 10
minutes in length)  at  the
b e g i n n i n g  o f  t h e  C A P S
scenario.

The initial implementation
of these training slides provided
an opportunity for training
evaluation. Five novices were
recruited for an initial run-
through of the task. Each
novice was provided with a
notepad and asked to list any
questions, comments, or ideas
that arose during the training
slideshow and during the task.
Each subject then reviewed the
slides and attempted to perform

that subtask. Following a 15-minute performance period, all
participants, task developers, and other observers engaged in a
question and answer discussion session.

Through qualitative analysis (group discussion, review of
written questions and comments, and direct elicitation of specific
information from individuals), specific training issues or
problems were highlighted. First, participants experienced a lack
of understanding of the task procedures, which was due, in part,
to slideshow design. Many slides had incorporated the use of
links to other slides containing additional information, thus

Figure 2.  Sample Training Slide (Passenger Services Station Represented)

Figure 1.  General CAPS GUI (Passenger Services Station Represented)
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requiring the participants to select or click on the link in order
to access the full gamut of information. Some participants failed
to select one or more of these links and therefore missed important
information. This problem was remedied by removing all links
and displaying all slides in order so that the training slideshow
exposed all individuals to the entire procedural information.

A second issue was the lack of a general understanding of how
the individual tasks were related to the overall team task. This
led to the development of a general introduction to the task. This
introduction was designed as a set of preliminary slides which
described an overview of the task at the macro level. These slides
were incorporated into the beginning of the slideshow for each
subtask station. Finally, to afford individuals’ better
understanding of subtask procedures, a video was appended to
the slideshow. This 5-minute video incorporates a demonstration
of the procedures used in each subtask along with an audio
description of the processes.

Measurement

The CAPS software enables a smooth transition between training
slides, demographic questionnaires, psychological assessments,
and the real time interactive simulation that includes all five
subjects working together. The CAPS software includes the
capability to present participants with questionnaire items to
asses various psychological variables. The questionnaire feature
generates questions that can be loaded from the experimenter
station. In order to enable a generic scenario, an Extensible
Markup Language (XML) schema was designed based on an
initial set of predictor questions. Figure 3 represents an example
extract of the XML scheme devised. (The sample provided
represents items taken from the International Personality Item
Pool.) Like the chat data, all data from the questionnaires will be
logged automatically into a database for analysis.

Individual and group level performance metrics will also be
assessed in conjunction with the content rich chat data. A
comprehensive task analysis was conducted in order to provide
current and future researchers with a deeper understanding of the
simulation and its behavioral requirements. In order to identify
the inherent performance metrics in the simulation, the task
analysis method developed by Berliner and colleagues was
used.30 Unlike other task analysis methods, this methodology
uses a classification scheme intended to dimensionalize human
task behavior in a manner meaningful for measuring
performance.31 In other words, this method is used to develop a
task analysis scheme more amenable to performance
measurement and quantification. Moreover, their research efforts
were directed at military jobs and man-machine environments,
which clearly align with our simulation. The information gained
from the task analysis in terms of measurable performance
outcomes highlights the research malleability of the simulation
and alleviates future researchers’ efforts to identify the viability
of the simulation for a particular study.

The task analysis multilevel classification scheme is based
on a hierarchical model of behaviors, activities and processes.32

The model is composed of four high-level behavioral processes
at the apex, which encompass six broad activity categories,
followed by several specific behaviors. Beginning at the base of
the hierarchy, once a specific behavior is identified, the
subsequent activity and behavioral process categories are
predetermined. As the intent of the scheme is to aid with
performance measurement, the specific behaviors are represented
by action verbs which have been validated as simple acts with
quantifiable properties as well as easily identifiable and
generalizable across jobs. Furthermore, graphical representation
in a matrix system permits the identification of explicit links
between behavioral variable categories and quantifiable
performance measurement dimensions, such as times, errors, and
frequency data.33 Thus, the cells of the matrix contain specific
behavioral statements pertinent to performance measurement and
evaluation (see Table 1).

From the team level perspective, adaptability is an important
dimension of teamwork.34 In an effort to assess the adaptability
of the team, a measure was devised comprising the amount of
time it took the team to overcome an unexpected event. After
the team has had adequate practice time and was able to perform
the task, the team was presented with a novel situation. Of
particular interest were events that force the collaborative
replanning or repurposing of assets controlled by multiple
subjects. The team’s response to this novel situation was
evaluated in terms of chat communications and the objective
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  Measures 

Perceptual Processes

Mediational Processes

Communication Processes

Motor Processes

Table 1. Individual-Based Matrix of Behaviors and Measures (sample)

  <?xml version="1.0" encoding="utf-8" ?> 
- <CAPS_Questionnaire version="1.0" description="Self-report variables of interest for 
     implementation in the CAPS experimental framework: December 1, 2005"> 
   - <survey name="Background" time="preCAPS"> 
      - <section name="Personality" source="IPIP Scale" instructions="Please rate your 
           agreement with the following items. There are no correct or incorrect answers, so 
           don"t spend too much time on any one item." order="1"> 
          - <options> 
              <option order="1">Strongly Disagree</option> 
              <option order= "2">Disagree</option> 
              <option order= "3">Somewhat Disagree</option> 
              <option order= "4">Neither Agree nor Disagree</option> 
              <option order= "5">Somewhat Agree</option> 
              <option order= "6">Agree</option> 
              <option order= "7">Strongly Agree</option> 
          - <measure name="Extroversion"> 
               <question order="1">I am the life of the party</question> 
               <question order="6">I do not mind being the center of attention</question> 
               <question order="16">I typically start conversations</question> 
               <question order="21">I talk to a lot of different people at parties</question> 
            </measure> 

Figure 3.  Sample XML Script for the Questionnaire Capability
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measure of how fast they were able to overcome the obstacle.
The types of distinct challenges that were presented to the
subjects included diverted aircraft, maintenance problems,
section specific information, communication failures, and altered
cargo and passenger requirements. In such situations, the aerial
port sections needed to collaborate in order to redirect and
reallocate their resources to meet the impending demands of the
situation. Upon completion of the entire experiment, all the data
were written to an Excel file for easy analysis by researchers
because the results were now importable to a variety of statistical
software suites.

Research Topics

CAPS will provide a versatile experimental platform through
which researchers can examine a variety of social and
psychological factors that influence the logistics domain.
Examples of potential research topics are examining factors that
promote shared situational awareness among team members,
manipulating leadership styles to measure the impact on decision
selection, identifying variables related to interpersonal trust in
distributed teams, and examining the impact of different types
of collaborative tools on team performance. (Future studies using
CAPS will involve the implementation of various forms of

variables and increasing the internal validity of the research
findings. By drawing from the operational nature of aerial port
operations, CAPS can mirror logistics activities in a distributed
team context and provide a sense of face validity to its users.
CAPS can benefit the Air Force by identifying factors that
influence team collaboration and performance. These factors can
then be used to facilitate the performance of teams within the
logistics domain and across the Air Force.
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