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ABSTRACT

When something is not attended to by a person, even when it is right before them,
they won’t perceive it. This is known as inattentional blindness (Mack & Rock, 1998).
Sometimes information missed due to inattentional blindness is trivial but inattentional
blindness can become a problem when it hinders people from responding to something
appropriately when a response is needed. When a visual cue is missed there can be an
impact on decision-making.
Variations in color luminance may also be a factor in one’s ability to attend to
something. For example, if a person is attending to a number of objects that are one color
shade (for instance, dark green), it may be possible that this person might not see an
additional object appear in their field of view (FOV) if it is the same color and shade.
Conversely, the opposite might be true that a person is more likely to attend to the
additional object if it is the same dark green color, opposed to an object that is colored a
lighter green.
This research investigated whether some variations of luminance of the same
color (for example, dark green to light green) can affect one’s ability to attend an
additional object entering one’s FOV. A scenario was presented to tank gunners that
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required them to observe objects of one color (dark green) while an additional object was
briefly presented to them colored either dark green or light green. In this betweensubjects study, 48 participants observed four dark green and four light green enemy tanks
moving about the battlefield. Each was given a task that involved monitoring the dark
green tanks only. During their monitoring, an additional vehicle (M981A3 FIST-V)
briefly entered and exited their FOV. The additional vehicle was presented to 24
participants colored dark green. For the other 24, it was presented colored light green.
This research addressed whether there was an association between color luminance,
FOV, or focused attention and detection of the FIST-V.
The results did not indicate an association between FOV and detection of the
FIST-V [χ2(1, N = 48) = 0.08, p = 1.0]. Nor was there an association between focused
attention and detection of the FIST-V using the following self-reporting questionnaires
for determining levels of focused attention: ETAS [χ2(1, N = 48) = 2.06, p = 0.20], the
CFQ [χ2(1, N = 48) = 0.75, p = 0.56], and the DAPI [χ2(1, N = 47) = 1.39, p = 0.75]. In
the same manner, there was also no association between field dependence and detection
of the FIST-V [χ2(1, N = 43) = 0.34, p = 0.75]. There was, however, an association
between color luminance and detection of the FIST-V [χ2(1, N = 48) = 36.80, p < 1.0e-8].
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CHAPTER 1. INTRODUCTION
People have a tendency to believe that they see what is before their eyes. It is
assumed that if their eyes can physically detect the images before them, they will be able
to see those images (Mack & Rock, 1998). In an article by Carpenter (2001), a scenario
is discussed about a teenager who is carefully driving down a familiar highway. During
this time, the driver is conscientious of their own speed and the surrounding and
approaching vehicles. Suddenly, they notice a deer standing before the vehicle.
Unfortunately, the time to react is too short and the deer is struck by the driver’s vehicle.
Later, when the teenager tries to explain the accident to their parents, the parents can not
understand how it is that the teenager claimed to be driving very cautiously but yet did
not see the deer until it was too late.
In a study by Haines (1991), airline pilots operating a flight simulator did not see
everything that appeared before them. The simulator provided the pilots with all of the cockpit
information on their windshield as a “heads-up” display. By having the information on the
windshield, it was assumed that pilot errors would decrease because they could monitor both
inside and outside information simultaneously. Surprisingly, some pilots attempted to land the
simulated aircraft on a runway that was occupied by another aircraft. Afterward, those pilots
reported that they were not aware that the aircraft was there even though they were looking
directly at it.
In the two examples above, the people involved did not see what should have been
obvious objects to avoid. They did not attend to the object of concern, which resulted in failure
to perceive it. The failure to detect the objects before them is due to what Mack and Rock
recognized as inattentional blindness (1998).
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Inattentional blindness may occur in our lives on a daily basis with no impact. It,
however, becomes a problem when it hinders us from responding to something appropriately
when a response is needed. When visual cues are missed, there can be an impact on our
decision-making. When driving, missing a visual cue due to inattentional blindness could lead to
an undesirable outcome. A pilot not seeing another aircraft on the runway could be disastrous.
For the U.S. Army, inattentional blindness during tactical events could lead to the loss of lives
and equipment.
Currently, the U.S. Army is benefiting from many technological advances in weapon
systems that should improve a Soldier’s situation awareness (SA) (Endsley, 2000) of their
surroundings. Likewise, advances in automation have reduced operational tasks that were once
performed by crewmembers of these weapon systems. With less “sets of eyes” needed to
monitor the battlefield and fewer manual tasks to operate the weapon system, fewer operators
should be needed. Yet these advances include more devices and displays to monitor while still
requiring individuals to perform many of their original duties. Future weapon systems may have
less crewmembers but more to monitor. In addition, as the Army utilizes the capabilities of new
weapon systems, crewmembers may be required to perform new unconventional tasks. For
example, a tank gunner whose primary job is to search and shoot enemy targets may now have to
attend to additional information as well. One such example could be the monitoring of
coordinates and display of a tele-operated vehicle (Feickert, 2005). Potentially, all of this new
information could appear in the gunner’s sight. Similar to the pilots’ study, tank gunners could
become inattentionally blind to objects before them, specifically enemy targets.

2

1.1

A Potential Problem for the U.S. Army
Technological advances improve command, control, communication, computers,

intelligence, surveillance, and reconnaissance (C4ISR), mobility, lethality, and survivability of a
weapon system. These advances will improve support for identifying and understanding the
enemy’s position and capabilities while maintaining better position and communication with
their own forces. This has driven the Department of Defense to shift their military paradigm to
smaller and lighter fighting vehicles that can be deployed quicker and easier than the current
fighting vehicles.
The U.S. Army has specifically developed a new operational concept for tactical
warfighting in the 21st century through the Objective Force(U.S. Army Training and Doctrine
Command - TRADOC, 2001). The vision of General Shinseki, Commander, Joint Chiefs of
Staff (1999), has turned the focus of the Army to develop vehicles with more automation and
interchangeability leading to what he believed would be the need for less manpower.
Conceptually, the improvements will reduce the workload of the crewmembers to a point where
fewer crewmembers may be needed. For example, a tank crew consisting of a driver, gunner,
ammunition loader, and commander could potentially be replaced with two people. The other
two crewmembers would be replaced with automation. For example, an automated ammunition
loader would replace the Soldier who loads the ammunition. Additionally, it is expected that
improvements in technology will eliminate certain duties for driving, commanding, and aiming
and firing the weapon to a point where these efforts will only require two crew members instead
of three (Zahn, 2000).
The manual duties of four crewmembers will be shared by automation and two
crewmembers. Contrary to the belief that automation will reduce workload, the Human

3

Research and Engineering Directorate of the U.S. Army Research Laboratory believe the
workload will increase for the two crew members (Lockett, Mitchell, & Samms, 2002) (Mitchell,
Samms, Henthorn, & Wojciechowski, 2003). It may be true that the automation can reduce a
current crew’s workload, but when manpower is reduced, there are fewer personnel viewing the
displays and gauges causing an increase in the crews’ mental workload. For example, a
compilation of aircraft accident reports have shown that in numerous cases, automation was
believed to be the cause of the accident (Wilson & Funk, 1997). More specifically, in some
cases, pilots were not attending to flying because they were distracted by parts of the automation.
If automation is added to the gunner’s duties, it may become a distraction to the gunner’s
primary objective. An additional distraction(s) could cause divided attention and may contribute
to inattentional blindness.

1.2

Inattentional Blindness versus Technological Advances
The weapon systems of the 21st century will provide more information to the Soldier than

their predecessors. The use of satellites for Global Positioning Systems and transmitting of radio
and video signals has opened the door for communication on the battlefield like never before.
Terms such as the “Digital Battlefield” or “Virtual Battlefield” exist because there is now the
potential to know everyone’s position on the battlefield, friend or foe. The personnel at all
echelons will have improved understanding or SA of the battlefield (Jordan, 1998).
Communication systems such as the Force XXI Battle Command – Brigade and Below
(FBCB2), the Army Tactical Command and Control Systems (ATCCS), and the Battlefield
Combat ID System (BCIS) allow the Soldier to more effectively identify which weapons to
engage and which not to engage. The information from the communication systems may be
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displayed on separate monitors or the information may be displayed on the gunner’s sight or
sight display. If the information is on a separate display, the gunner’s attention may be divided
between the information display and the sight scope, as seen in Figure 1. If the information is
superimposed on the display in the sight scope, there is the possibility that this would be a
distracter and undermine attention to the target, such as in Haines’s pilot study. From a human
factors perspective, there is a concern that gunners may become inattentionally blind when
searching for targets in a chaotic battlefield.

Figure 1. A proposed crew station displays for a Future Combat System(U.S. Army Tank
and Automotive Command TACOM, 2003).
1.3

Attention and Inattentional Blindness
Attention is defined as the concentration of mental effort on sensory or mental events

(Solso, 1991). People attend to something by applying their mental concentration. The
application of attention can present itself in different ways, such as being selective, focused, or
divided. Wachtel (1967) describes attention metaphorically as a searchlight. Two properties of a
searchlight are its breadth and its direction. The light beam’s breadth is made up of two
5

components, one that is a desirable process (focused attention) and one that we must process but
do not want to (divided attention). The direction of the searchlight, in terms of when, what, and
where it chooses to illuminate an object represents the properties of selective attention.
Attention described in terms of these three categories: selective attention, focused
attention, and divided attention, can be explained in further detail (Kahneman, 1973). Selective
attention allows people to prioritize the cues to which they attend. Selective attention helps to
order the information to prevent bottlenecks in information processing (Broadbent, 1958).
Selective attention becomes a drawback when we do not give an important information cue high
priority. Focused attention allows people to concentrate on a single source of information.
Focused attention is helpful when attending to an information source with other competing
sources all around us. When problems in focused attention occur, some of our attention is
inadvertently directed to another source other than the source of desired focus. Divided attention
allows people to attend to numerous desired sources of information. Failures in divided attention
occur when one cannot attend to all desired sources of stimuli.
When something is not attended to, it may be by choice because the selective attention
mechanism gives priority to another stimuli source. Failures to attend to stimuli occur daily in
our lives. Failures can be intentional or unintentional. When talking to someone in a crowded
room where numerous conversations are occurring, one may not attend to the conversation, but
instead, attend to someone or something else in the room. When one is reading, the intent is to
attend to the printed words. In the appropriate setting, this may occur, but if the setting is such
that the words and subject matter cannot be processed due to other competing sources of
information, there is a failure of attention. In each of these cases, the object of focus was known
(perceived) but could not always be attended. For inattentional blindness, there is an object or
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objects that are clearly visible and with-in their field of view (FOV), but are not attended to and
thus, are never perceived. In the examples of the teenage driver and the airline pilots,
inattentional blindness may have prohibited them from seeing what was in their path.

1.4

Schemas
Most automobile drivers do not encounter deer on the highway on a regular basis. It is

probably fair to say that the teenage driver did not expect to see a deer the night of this accident,
especially one standing in the middle of the road. This unexpected source of information may
not have been part of their driving schema, that is, the way that they cognitively organize the
information that they have about driving and relate it to the information that they acquire while
driving. In general, a schema is an attitude, belief, or experience to assist us in our perception of
things. Evans (1967) defines it as, “a characteristic of some population of objects, and consists
of a set of rules serving as instructions for producing a population prototype (concept)”.
Individuals who have been trained to detect various signals or objects have that training
as part of their schema. Their experience of detecting various signals and objects also becomes
part of their schema. The teenage driver may have been able to notice the deer sooner if they had
been trained or had prior experience of a potential encounter with a deer while driving that night.
A schema may prevent inattentional blindness if the information included in the schema
causes an individual to be prepared to attend to something that they otherwise might not attend.
Potentially, the pilots in the simulator study that failed to detect the aircraft may never let
themselves repeat that error because their experience of that situation will become part of their
schema. Conversely, a schema may cause an individual to attend to certain objects and not
attend to (or ignore) another object not included in the schema. But a schema will not affect
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one’s decision-making process for unattended objects. The idea of a schema is usually stated
with respect to perception (Schmidt, 1975). Until an object is attended to and perceived, a
schema will not affect one’s decision making towards that object.

1.5

Understanding the Problem
Mack and Rock (1998) discovered that inattentional blindness is prevalent when two

types of stimuli are present: distracter stimuli (non-target objects that observers may attend ) and
an unexpected target stimulus or critical stimulus (target object that observers do not expect to
see). By attending to a distracter stimuli, it is possible to be inattentionally blind to a critical
stimulus presented in the observer’s FOV. When driving, numerous stimuli will be present in
the driver’s FOV. The amount of stimuli will depend on the complexity of the area that the
driver is driving through. When two or more objects are attended to in the FOV, there will be
time-sharing of attention that occurs between the stimuli that the driver chooses to direct his or
her focus (Gopher, 1993; Kahneman, 1973). As the complexity of the driving increases, the
driver may have multiple objects competing for attention. These may include road signs, other
vehicles, landmarks, pedestrians, and road obstacles to name a few. Humans have limited
capacity to process information and when several things require the attention of the observer, this
capacity can be exceeded (Kahneman, 1973). When the task of driving is combined with
attending to numerous objects the capacity to process all this information can become exceeded
quickly. It is at this point that the observer can become “blind” to an additional object because
he or she will not be able to attend to it. Should a critical object be missed, then safe
maneuvering of the vehicle could be at risk.
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Today, technological advances have allowed vehicles to have more aids and “creature
comforts” available for driver use. Though these advances may be an improvement to our lives,
they are presenting more to compete with the driver’s ability to attend to his or her surroundings.
Some advances such as heads-up displays, navigation systems, and email are still fairly new to
the auto industry and it is yet to be determined how much they will compete for the driver’s
attention. But information about cell phone use while driving does provide insight on how
additional sources of data in the vehicle could compete for the driver’s attention. In a study by
Strayer and Johnston (2001), it was shown that while driving and talking on a cell phone, some
conversations occurring during cell phone use caused participants to fail to detect traffic signals
or slow their reaction time when traffic signals were detected.

CHAPTER 2. BACKGROUND
2.1 Mack and Rock
In their book, Inattentional Blindness, Mack and Rock (1998) explain that their
motivation to conduct research in this area was the result of their initial investigation of the
relationship between attention and visual perception. One of their key interests in this area
included grouping and attention. More so, they were interested in determining if a person’s
approach to organizing a visual field into separate objects occurred automatically in the early
stage of the processing (before attention was engaged) or in a later stage when attention would
contribute to the processing. Figure 2 is an example similar to what Mack and Rock used to
better understand grouping and attention. Their pursuit was to determine whether people would
perceive something like a red dot in the pattern of green dots before attending to it (i.e. it
“popped out”) or perceive it by attending through a grouping process. In the end, their research
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determined that a person’s organization of a visual field did not occur automatically in the early
stage of processing, but later when attention could contribute to the processing.
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Figure 2. Attention and perception example to illustrate a person’s approach for
organizing a visual field (red dot amongst green dots) (Mack & Rock, 1998)

Additionally, their investigation of the relationship between perception and attention was
also fueled by the work of Treisman and Gelade (1980) and Treisman (1988). Their research
focused on whether a specific target or targeted object in a visual field could be perceived
without a serial search for the target. The target, instead, would “pop out” to the observer when
he or she viewed the visual field containing the target. In Treisman and Gelade’s work (1980),
observers were exposed to a target located in a visual field among non-target objects that posed
as distracters. If an individual could identify a target immediately upon viewing the visual field,
it was considered to be perceived without having attended to it. If in fact, the observer had to
search for the target, using a serial search, then it was concluded that the person would have to
attend to the visual field to find the target.
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One approach to determining whether a target “popped out” through a parallel search was
to limit the exposure time for a target to be identified. In one particular study, the observers were
given 50 msec to acknowledge whether or not a target, which was either a single object or a
patch of segregated texture, was present in an array (Julesz, 1981). The 50 msec was thought to
be a time that was less than the time to attend to an object. In the end, it was determined that
even with the limited amount of time; the observers were still doing a serial search.
Through their research of other studies performed using limiting exposure time, Mack
and Rock determined that every observer needed to attend to the visual field in order to perceive
a target. They concluded that their previous approach was not adequate for determining if
attention could be eliminated when observers were looking for a target. As a result, they set out
to devise a new method that “had to guarantee that the observer would be neither expecting nor
looking for the object of interest” (Mack & Rock, 1998), but was looking at the area where the
object of interest was located. This was accomplished by engaging the observer’s attention with
a separate task. While presenting the distracter target to the observer an unexpected target, a
critical stimulus, was briefly presented and then removed. The dependant variable was detection
of the critical stimulus.

2.2

Previous Work
This approach has since been repeated by others interested in determining whether

inattentional blindness is present in other types of observations (e.g. Most et al., ; Simons &
Chabris, 1999). Simons and Chabris (1999) had participants watch a video of six people passing
around two basketballs (Figure 3). Three people, wearing white shirts, ran around in a
concentrated area while throwing one basketball back and forth to each other. Likewise, three
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people, wearing black shirts, did the same with a separate basketball. The participants were told
to count the number of times that one group passed the ball during the course of the video. The
selection of which color to watch was evenly distributed between participants by the investigator
and each participant was only exposed to one trial. During the course of the video, a person
dressed in a black gorilla suit entered the video from the right, walked to the middle, beat its
chest, and walked off to the left. Regardless of shirt color condition, only about 50% of the
participants saw the gorilla.
Black Shirt Cue

Basketballs

White Shirt Cue

Gorilla

The three frames from a video created by Daniel Simons and Christopher Chabris and described in Simons & Chabris (1999). The figure is copyrighted by Daniel Simons and
is reprinted with his permission.

Figure 3. Video clip from Simons and Chabris study (1999), “Gorillas in the Midst”, used
to illustrate inattentional blindness.
Similarly, Most et al. (2001) had participants view a video that displayed black and white
“L” and “T” shapes moving about the screen in a random and nonlinear path (Figure 4). The
participants were asked to fix their eyes on the center of the screen and count the number of
times that either white “L”s and “T”s or the black “L”s and “T”s bounced off the edge of the
display screen. While letter movements were occurring, a “+” shape was presented from the
right side of the screen at mid level of the screen and traveled across the middle until it exited
screen left. Over the course of the study, the “+” shape was varied from white to black and two
shades of gray for different groups of participants (i.e. each group was exposed to a different
12

colored “+”). The results showed that participants saw the “+” shape most of the time if it was
the same color as the “L”s and “T”s that they were tasked to watch. Conversely, if the “L”s and
“T”s were opposite in their luminance (black versus white) to the “+” shape, the participants
rarely saw the “+” shape.

Distracters

Critical Stimulus

A frame from a video created by Steven Most and described in Most et al. (2001). The figure is reprinted with written consent by Steven Most.

Figure 4. Video clip from Most et al. (2001) Study, “How Not to Be Seen”, used illustrate to
inattentional blindness.
Most et al. (2001) presented the “+” shape in the color red while the “L” and “T” shapes
remained black and white. Even though the color contrast seemed to be large enough to be
consistently detected, only 72% recognized that a red “+” shape had crossed the middle of the
screen.
Most research involving inattentional blindness has included the use of distracter targets
and critical stimuli presented in black, white, and gray. The world, however, is not seen in black
and white. Few studies have examined the effect of color on inattentional blindness. Things that
we need to attend (critical stimuli) and those that we do not (distracters) exist in a variety of
colors.
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It is not fully understood how inattentional blindness occurs in real life situations. One
group of people aware of inattentional blindness in a real world situation (one with various
colors) is the American Motorcyclist Association. In an article by Oliver (2001), the issue of
automobile drivers having difficulty seeing motorcyclists is discussed. Referring to research by
Simons and Chabris (1999), the article states that people believe that if they see something
different jump out at them, such as a motorcycle in a “sea of cars”, they will notice it. However,
unless the drivers’ schema includes attitudes, beliefs, or experiences causing them to search for
motorcyclists, the motorcycles may go unattended and not “jump out at them”. Simons shows
how this could occur in his study with the gorilla
On the battlefield, there could be numerous things to visually distract a tank
crewmember’s attention, such as enemy vehicles and troops, friendly vehicles and troops,
various types of terrain, buildings, and civilians. What has not been investigated is the potential
for inattentional blindness to be a factor in a tank gunner’s ability to recognize enemy targets. It
is one thing when a gunner misses a target due to looking at something else in the tank, but it is
another thing when a gunner missed a target when they might be looking right in its direction. It
has been shown that many people will not see a black gorilla within a group of moving people
wearing black and white shirts. However, it is yet to be determined if enemy targets will be
missed in an environment with different colored tanks.

CHAPTER 3. RESEARCH PURPOSE AND HYPOTHESES
The objective of this research was to explore the association between inattentional
blindness and detection of enemy targets. More specifically, determine if inattentional blindness
was associated with missing enemy targets that have the capability to destroy the gunner’s tank.
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Research by Mack and Rock (1998) and Simons and Chabris (1999) suggest that inattentional
blindness can occur when the observer is fixated on other targets in the same FOV. Simons also
showed that targets that were black, white, or different shades of gray were attended to less when
the distracter targets around them were a different luminance level or different shade of gray. If
inattentional blindness occurs when targets and distracter targets are a different luminance
(black, white, or gray), then it is important to determine if inattentional blindness will exist when
targets and distracter targets are different shades for a certain color (e.g. green). If tank gunners
are actively searching for enemy targets and find more than one at a time that vary in shades of
one color, it is important to determine if one or more tanks will go undetected because of
inattentional blindness
The motivation behind this research was to explore the role of inattentional blindness in a
battlefield context. The purpose was to determine if a tank gunner could fail to detect a target
when there were other targets of a different shade of green in the gunner’s FOV (ex. light green
and dark green). In situations where the gunner’s primary targets are of one certain shade (dark
green), it was proposed that an additional target of the same color but with a different shade
(light green) would be missed because the gunner did not attend to it. From previously
mentioned work, a black critical stimulus was rarely attended to when the observer was attending
to white distracter targets (Most et al., 2001). This was also true when there was a white critical
stimulus and black distracter targets. The present study was conducted to determine if an
observer would miss a light green target if the distracters were dark green.
Additionally, the location of the distracter stimuli within the FOV was addressed. In two
of the previously mentioned studies; the distracter stimuli were positioned in a different manner
for each presentation. In Simons and Chabris’ (1999) “gorilla” study, the distracters travel about
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the center of the FOV. The gorilla enters from the right and walks into the group of distracters.
The gorilla then moves out of the group and exits to the left. In this study, there are parts of the
FOV (on each side of the group) that the gorilla travels that have no distracters. In Most et al.’s
(2001) study, the distracters travel over the entire FOV. When the critical stimulus (the “+”
shape) travels from right to left across the FOV, it is always in the area of the distracters. The
focus of the current research was to determine if the viewer would miss the target entering the
FOV more often when the distracter tanks traveled about the entire FOV (wide) opposed to when
the distracter tanks are more closely grouped about the center of the FOV (narrow) providing
areas in the FOV where there were no distracters.
Finally, the level of focused attention of the observer was considered. A person’s level of
focused attention may affect their susceptibility to inattentional blindness for a given situation.
This was addressed in this study through a series of questionnaires developed to determine the
participants’ level of attention. The results from the questionnaires were then compared with the
participants’ ability to detect the critical stimulus.

CHAPTER 4. METHOD
4.1 Experimental Design
The experimental design was a 2 (shade of green) x 2 (fields of view) x 2 (level of
focused attention) between-subjects design. A between-subjects design was chosen because
once a participant was exposed to any of the experimental conditions there was the potential for
them to detect the critical stimulus in other conditions presented to them based on the experience
they gained from viewing the battlefield scenario. Additionally, the questions that were asked
after the individual completed an experimental condition could potentially cause the participant
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to choose to look of the critical stimulus. Therefore, the participants were exposed to one of the
four conditions presented in Table 1. Individuals viewed the battlefield by one of the two fields
of view and were exposed to a critical stimulus colored one of the two shades of green (Figures
5-8).

Table 1. Experimental Conditions for Field of View and Critical Stimulus Color
Battlefield displayed with distracter tanks
about the center of the FOV

Battlefield displayed with distracter tanks
across the FOV

Dark green critical stimulus (Figure 5)

Dark green critical stimulus (Figure 6)

Battlefield displayed with distracter tanks
about the center of the FOV

Battlefield displayed with distracter tanks
across the FOV

Light green critical stimulus (Figure 7)

Light green critical stimulus (Figure 8)

Critical
Stimulus

Steel Beasts

®

Figure 5. Distracter tanks about the center of the FOV with dark green critical stimulus.
17

Critical
Stimulus

Steel Beasts

®

Figure 6. Distracter tanks across the entire FOV with dark green critical stimulus.

Critical
Stimulus

Steel Beasts

®

Figure 7. Distracter tanks about the center of the FOV with light green critical stimulus.
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Critical
Stimulus

Steel Beasts

®

Figure 8. Distracter tanks across the entire FOV with light green critical stimulus.

The independent variables for this research were the critical stimulus shade of green, the
FOV and the questionnaire results. The dependant variable is the detection of the critical
stimulus. The control variables are listed in Table 2.

Table 2. Control Variables
VARIABLE
Computer and monitor
Distracter tanks
Critical stimulus shape
Critical stimulus exposure time
Battlefield scenario
Questionnaire presentation order

LEVEL
Pentium III, 17” Display
Four dark green, four light green
Army M981A3 FIST-V
10 seconds
Tank directions
Counterbalanced
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REMARKS
same system used throughout
from software database
from software database

Every 4th person saw same order

4.2 Hypotheses
Hypothesis 1: There will be an association between shade of green and detection of the critical
stimulus.
Hypothesis 2: There will be an association between field of view and detection of the critical
stimulus.
Hypothesis 3: There will be an association between focused attention and detection of the
critical stimulus.

4.3 Participants
Forty-eight male participants were selected. The participants were drawn from a pool of
U.S. Army tank gunners whose ages ranged from 19 to 40 years old (M=27.46, SD=4.26). Their
military experience ranged from 1 to 13 years (M=6.92, SD=3.15) with gunner experience
ranging from 1 to 8 years (M=3.59, SD=2.20). A majority of the participants had experience in
various terrains (74%) while 26 % had experience in dessert terrain only. Additionally, the
participants were asked to report the number of hours they played video games. Their response
ranged from 0 to 40 hours per week (M=6.02, SD=9.31).

4.4 Equipment and Questionnaires
Prior to performing the study, each participant was screened for color blindness. An
Ishihara (1925) test using a Titmus® 2a Vision Screener or a hard copy of the test plates was used
to test for color blindness. A color blindness score sheet is included in Appendix A. A
demographic questionnaire was also given that asks for age, military experience, tank gunner
experience, and frequency of playing video and computer games (Appendix B). Since the
software used in the study is considered a video game, the frequency of playing video games was
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included to observe whether it might have had an effect on the results. The research study was
conducted in a laboratory setting. The battlefield setting was displayed on a 17” monitor. The
software to support the display was developed specifically for this study in the tank simulation
software, Steel Beasts® (eSim-Games, 2002), and was run on a Pentium III desktop computer.
After monitoring the battlefield for the required time, questionnaires were administered to each
participant. They included: the Expanded Tellegen Absorption Scale (ETAS) questionnaire
Smith-Jackson et al. (1997), Broadbent, et al.’s Cognitive Failures Questionnaire (CFQ) (1982),
and the Differential Attentional Processes Inventory (DAPI) (Crawford, 1993). Each was used
to obtain levels of focused attention (Appendix C). One’s level of focused attention may relate
to their ability to attend to the critical stimulus. The ETAS utilizes questions directed at
measuring one’s level of absorption, or openness to absorbing and self-altering experiences
(Tellegen & Atkinsson, 1974). Smith-Jackson et al. (1997) stated that absorption reflected the
tendency to use one’s total attention. The ETAS is an expanded version of the Tellegen
Absorption Scale (Tellegen & Atkinsson, 1974). The CFQ contains questions that measure selfreported failures in perception, memory, and motor function. The results from the questions
addressing perception are of interest in this current research. The DAPI assesses an individual’s
ability to carry out tasks when there are distracters. An embedded figures (EF) test from the Kit of

Factor-Referenced Cognitive Tests (Ekstrom, French, Harman, & Dermen, 1976) was also
administered to measure field independence. Field independence is the tendency to see the field
of vision as a single unit, with separate objects existing only as part of the whole. Field
independent people tend to pick better strategies for solving problems than the strategies of those
who are labeled as field dependent (Wang, Wang, & Ren, 2003). The relationship with one’s
broadness of focus and their ability to attend to the critical stimulus was of interest.
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4.5 Procedure
Each participant was informed of their rights as a participant and was asked to sign an
informed consent form (Appendix D). Participants viewed a monitor that displayed a battlefield
scenario. Specific instructions were read to each participant to provide unbiased direction for
participation (Appendix E). In the experimental conditions, eight enemy tanks were moving on
the battlefield. The enemy tanks served as the distracter stimuli. The color of the distracter
stimuli (tanks) was colored one of two shades of green. These shades were set based on specific
levels of hue, saturation, and luminosity (HSL) that uses a 0 to 240 scale, according to the HSL
color model (Apple Computer Inc, 1996). Four tanks were dark green and four tanks were light
green. The number of tanks (four dark green and four light green) was chosen to stay consistent
with the number of moving objects in the Most et al. (2001) study. Similarly, an additional ninth
vehicle was presented in one of the two shades of green. The vehicle, a U.S. Army, M981A3
FIST-V, was presented as the critical stimulus. Half of the participants were exposed to a dark
green FIST-V. The other half was exposed to a light green FIST-V. Efforts were made to
present the battlefield scenarios in a balanced format. Various times and locations for data
collection did not always allow for that. Most participants, however, viewed a battlefield
scenario by groups of three. For example, three participants were presented a battlefield scenario
that included a dark green tank with a narrow FOV; the next three were presented a battlefield
scenario that included a light green tank with a narrow FOV. A third group of three was
presented a battlefield scenario that included a dark green tank with a wide FOV while a fourth
set of three were presented a battlefield scenario that included a light green tank with a wide
FOV. The number per group (three) could not be made less because the participants’ time was
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limited. The time needed to change the scenarios more frequently would have jeopardized the
participants’ availability to participate.
The dark green color was selected to one similar to that which is used by the U.S. Army.
This color is identified as a dark green camouflage color (U.S General Services Administration
US GSA, 1979). The light green chosen was approximately 25% lighter (luminosity) than the
dark green. The light green was chosen from a limited amount of colors within Steel Beasts® for
changing the color of the tanks. The choice for the lighter green presented a large enough
contrast in comparison to the dark green while still presenting a realistic color for a military tank.
The HSL for each color are shown in Table 3. Through the use of a luminance meter, the actual
luminance for each color was measured from the display monitor. The luminance measurements
are also included in Table 3.
Table 3. HSL color levels for distracter and critical stimulus tanks
Stimuli

Hue

Saturation

Luminance

Measured Luminance*
(cd/m2)

Dark Green

47

70

41

10.2

Light Green

48

65

100

32.0

* - Luminance levels are approximate and vary slightly with the of monitor relative to the viewer
Each tank moved slowly in a predetermined direction. During the course of their
movement, the tanks continuously changed directions in a predetermined sequence. The
direction changes were the focus of the participants’ attention as they were asked to look at and
make judgments about the orientation of the four dark green tanks. More specifically, they were
asked to count the total number of times the dark green tanks (only) changed directions.
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At the beginning of the study, each participant was seated approximately 18” from a
computer monitor that displayed a simulation of a battlefield. Half of the participants viewed the
battlefield where the distracter tanks moved about the center of the FOV (Figure 5). The other
half viewed the battlefield where tanks move about the whole FOV (Figure 6). They monitored
the four dark green tanks, counting the total number of times that any one of them changed
direction. This continued for approximately 60 seconds. During this time, the critical stimulus
(FIST-V) entered from the right of the FOV and traveled across the middle of the battlefield until
it exited to the left. Figures 9 shows the FIST-V as it traveled across the battlefield. It was
visible for approximately 10 seconds. This amount of time was similar to the exposure times of
the critical stimuli of previously mentioned studies. Also similar to previous studies, the critical
stimulus was a different object in comparison to the distracters.
At the conclusion of the battlefield scenario, the investigator asked and each participant
for the total number of times that the tanks changed directions and recorded their answer. The
investigator then asked, “Did you see anything else?” If they said yes, they were asked to state
what they saw. Likewise, the investigator recorded the answer. At no point during the
questioning was the participant made aware of the investigators key interest, that is, whether they
saw the FIST-V (critical stimulus). The participants were asked to complete each questionnaire.
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Distracter
Tanks

Steel Beasts

®

Distracter
Tanks

Critical
Stimulus

Figure 9. Battlefield scene with distracters and critical stimulus.
4.6 Data Analysis
The data from the battlefield presentation was recorded as either a “yes” or “no”. A
“yes” indicated that the participant detected the critical stimulus. A “no” indicated that the
critical stimulus went undetected. A Log-Linear Analysis for a 2 (color of the critical stimulus)
x 2 (fields of view) x 2 (level of focused attention) Table of Cross-Categorized Frequency Data
(Lowery, 2005) was performed the on the data to test for interaction. The Log-Linear Analysis is
a variation on the logic and procedures of chi-square. The analysis showed no interactions
between the three factors. Each hypothesis was then tested individually by a Chi-square analysis
on the data.
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CHAPTER 5. RESULTS
The between subjects design required 48 participants to view the battlefield. Each of the
four battlefield scenarios was viewed by 12 different participants. Additionally, all participants
completed the questionnaires with an exception of one incomplete DAPI questionnaire. Five of
the embedded figures tests were also excluded, because the wrong time limit was used. The
detection of the critical stimulus and the questionnaire results are listed in Appendix F.
Table 4 displays the results of the participants (in bold) for detecting the critical stimulus for the
various conditions.

Table 4. Experimental Results for Field of View and Critical Stimulus Color
Battlefield displayed with distracter tanks
Battlefield displayed with distracter tanks
about the center of the FOV
across the FOV
Dark green critical stimulus

Dark green critical stimulus

11 out of 12 detected the critical stimulus
Battlefield displayed with distracter tanks
about the center of the FOV

11 out of 12 detected the critical stimulus
Battlefield displayed with distracter tanks
across the FOV

Light green critical stimulus

Light green critical stimulus

1 out of 12 detected the critical stimulus

0 out of 12 detected the critical stimulus

5.1

Hypothesis 1

There will be an association between shade color of green and detection of the critical stimulus.
Previous studies had revealed that when participants focused on a certain color (shade) of
distracters, they were more likely to see the critical stimulus if it was the same color. The results
in Table 4 indicate that when the critical stimulus was dark green, most participants saw it during
the battlefield observation. Conversely, only two saw it when it was light green. A Chi-Square
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analysis, χ2(1, N = 48) = 36.81, p < 1.0e-8, showed significance indicating an association
between the critical stimulus’ shade of green and detection of the critical stimulus.

5.2

Hypothesis 2

There will be an association between field of view and detection of the critical stimulus.
In the “gorilla study”, the distracters moved about the center of the FOV. In the “’Ts’
and ‘Ls’” study, the distracters moved about the entire FOV. In the battlefield scenarios, it was
of interest to see if the FOV had an effect on the detection of the critical stimulus. The results
for this study indicated that there was no association between field of view and detection of the
critical stimulus, χ2(1, N = 48) = 0.08, p = 1.00.

5.3

Hypothesis 3

There will be an association between focused attention and detection of the critical stimulus.
Three separate questionnaires that addressed focused attention were given to each
participant to measure their level of focused attention. The mean, standard deviation and median
for each questionnaire are as follows: ETAS (M=56.98, SD= 9.28, median =58), CFQ
(M=34.19, SD=13.94, median =33.50), and DAPI (M=123.45, SD=33.67, median =126). The
results of each questionnaire were analyzed separately because they were unique in the various
types of information that they can provide. For this study, the questionnaires served as a method
to separate the participants into two groups, those who had a high level of focused attention
according to the questionnaires and those who had a low level of focused attention by the same
method. The “high” and “low” groups were formed by performing a median split on the
questionnaire scores shown in Appendix F. These groups were compared to their ability to
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detect the critical stimulus. Another reason to analyze each questionnaire separately, as opposed
to one total score, was because each participant did not always consistently score in the “high” or
“low” groups across all three questionnaires. A correlation analysis on the questionnaire results
revealed that there was not a strong correlation between any of the questionnaires for high versus
low groups. This correlation did not infer that any or all questionnaires failed to determine a
level of focused attention. It implied that participants’ self-reported answers were not
consistently reported in a high or low group as defined by the research. A reliability test was
performed on the questionnaires using Cronbach’s alpha. The reliability alpha for ETAS, CFQ,
and DAPI was 0.73, 0.91, and 0.94, respectively.

Table 5. Correlations for normalized questionnaire results
ETAS
CFQ
DAPI
ETAS
1.00
CFQ
0.34
1.00
DAPI
0.51
0.28
1.00
In addition to the questionnaires, an embedded figures test was given to measure field
independence. For this research, a certain score was not set as the definitive number for
distinguishing between those who are considered field independent and field dependent. Instead
the results were analyzed in the same manner as the questionnaire analysis. The embedded
figures results were divided by a median split for analysis to compare the results from the
battlefield scenario between a group that showed higher potential to being field independent with
a group that showed higher potential to being field dependent. The test scores can also be seen
in Appendix F. A Chi-square analysis, performed on each questionnaire or test comparing the
“high” and “low” scores to the participants’ ability to detect the critical stimulus, yielded the
results in Table 6.
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Table 6. Chi-square for Questionnaires and Test
Questionnaire / Test
Results
ETAS
χ2(1, N = 48) = 2.06 p = 0.20
CFQ
χ2(1, N = 48) = 0.75 p = 0.56
DAPI
χ2(1, N = 47*) = 1.39 p = 0.37
Embedded Figures
χ2(1, N = 43**) = 0.34 p = 0.75
* - One DAPI questionnaire was not completed
** - Five EF test scores were not used due to a wrong time limit

In all cases, the analysis using the questionnaires showed no association between level of
focused attention between the two groups (high and low) and detection of the critical stimulus.
Likewise, the analysis using the embedded figures test did not show an association for fielddependence-independence between the two groups and detection of the critical stimulus.

5.4

Further Analysis
Some additional questions from the results were also addressed ad hoc. It was of interest

to see if there was an association between the participants’ accuracy for counting the total
number of times the tanks changed direction and detection of the critical stimulus. If it were
found that those who did detect the critical stimulus were less accurate in counting, then there
might be an association between accuracy count and critical stimulus detection. To approach
this, a median split was performed on the total number of times that each participant missed a
tank change direction. This number was calculated by subtracting the actual total number of
turns by the number reported by each participant. The absolute value of the difference score was
used for comparison since the investigator was interested in how far off the participants’ were
from the actual number. The average absolute error was 11.13 (SD = 7.46) and a median of 10.
When a median split was performed on the results of those with 10 or fewer errors and those
with more than 10, the chi-square analysis [χ2(1, N = 48) = 0.69, p = 0.56] did not show an
association between detection of the critical stimulus and counting error.
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Another area of interest was to explore if there was an association between the numbers
of hours per week spent playing video games and detection of the critical stimulus. Again a
median split was performed on the self-reported hours that the participants played video games.
The average hours per week were 6.02 (SD = 9.31) and a median of 2.50. The chi-square
analysis [χ2(1, N = 48) = 3.00, p = 0.15] did not show that there was significance to confirm an
association between the number of hours per week spent playing video games and detection of
the critical stimulus. However, it is interesting note that the only participate to detect the critical
stimulus when it was light green reported that they play video games 40 hours per week. In a
study by Green and Bavelier (2003), it was shown that action-video-game playing is capable of
altering a range of visual skills to improve performance.

CHAPTER 6. DISCUSSION
6.1

Interpretation of Results
In Most et al.’s (2001) study with “T”s and “L”s, it was shown that participants were

more likely to see the critical stimulus if it was the same color as the distracter stimuli.
Participants in the current study were asked to observe dark green tanks and all but one saw a
dark green critical stimulus. From Most et al.’s (2001) research, it would then be expected that
observers would notice a light green critical stimulus if they had been asked to monitor the light
green tanks instead.
Based on the analysis from this study, there is an association between the shade of green
and detection of the critical stimulus independent of FOV, level of attention, and field
independence. This suggests that for a tank gunner monitoring dark green enemy tanks,
inattentional blindness could potentially occur if an additional enemy vehicle appeared painted in
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a light green color. Should this occur, it would occur regardless of the gunner’s level of attention
or field independence as well as how the enemy tanks were positioned about his FOV.
One interesting observation about this study compared to the other similar studies was
that the participants were highly trained and disciplined for observing the battlefield. This
should explain why so many of them were able to detect the dark green critical stimulus (92%).
But in previous studies where the participants were found randomly at various locations, more
than 90% were able to detect the critical stimulus when it was the same shade of color (black or
white) as the distracter stimuli. In addition, less than 10% of the randomly selected participants
saw the critical stimulus when it was not the same shade of color as the distracter stimuli. One
might expect more than 10% of the highly trained participants in the current study to detect the
critical stimulus when it was not the same color (luminance) as the distracter stimuli. However,
only 1 out of 24 (4%) detected it. This observation raises a question on whether the military
training provided to the tank gunners is sufficient to prevent inattentional blindness on the
battlefield.

6.2

Further Observations
When the participants were asked, “Did you see anything else?” those that did not see the

critical stimulus tried to describe anything else that they saw but many that did not see it
responded, “I was just looking at the dark green tanks, Sir”. They did, however, try to respond
by describing anything that they thought they saw. In a military environment, Soldiers are
trained to do what they are told. Since the instructions told the participants to only monitor the
dark green tanks, it could be suggested that they chose to not look at any light green vehicle.
Their cognitive set was to categorize dark green vehicles as enemy targets and light green
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vehicles were filtered out. Some might argue that there is such a distinct difference between how
many saw the dark green FIST-V versus how many saw the light green FIST-V, one might
conclude that the military training of the participants was a factor in detection of the critical
stimulus. Yet, when the results of this study are compared to the results the “T”s and “L”s study,
they are consistent with each other.

6.3

Recommendations
There is the potential for inattentional blindness to occur on the battlefield. According to

Mack and Rock, inattentional blindness occurs when distracter stimuli are present. Distracters
can never be completely eliminated. In critical situations, distracters should be minimized. An
Army weapon system is no exception. In an era where information technology and automation
are improving our daily lives, it is important to recognize that it is also a creation of new stimuli.
There will be more things to read or monitor. In addition, more tasks may be given to
individuals because they will have more time available that the automation relieved them of
having to perform. Monitoring additional sources of information may mean more distracter
stimuli. It is recommended for future Army weapon systems that research be continuously
performed to monitor the mental workload of the operators and continuously focus on an effort
to keep distracting stimuli to a minimum for critical operations. Efforts to improve these areas
will benefit other positions outside the military that cause a high mental workload on the
operator or observer. With the support of future research and development, devices and
strategies may provide ways of reducing mental workload to reduce or eliminate bottlenecking of
important information.
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Additional training could provide methods to monitor the necessary information with a
greater success in acquiring critical targets. The training, however, should be specific to target
acquisition that focuses on developing schemas that would prepare the trainees to be alert for
“unusual” things. As earlier mentioned, a schema may prevent inattentional blindness if the
information included in the schema causes an individual to be alert to something that they
otherwise might not attend. It should be noted that the training should not be initial job training
that is included in all other operational training. It should be provided as on-the-job training.
Catalano and Kleiner (1984) would also suggest that the training should not be constant training
but variable training so as to enhance the development of a schema in the operator. The training
could be in the form of a video game of a battlefield simulation as mission rehearsal. The
simulation could include unique or uncommon situations similar to what occurred in the pilot
simulator study.

6.4

Future Research
In order to proceed with the recommendation from above, research will also need to be

conducted to determine when and how stimuli become distracter stimuli. Any information
source has the potential to be a distraction if it is unwanted or unnecessary at the moment in time
that a wanted source of information is being attended.
Future research in inattentional blindness can potentially be a broad area. The current
research addressed variance in color shade and its effect on target detection due to inattentional
blindness. Research on variations of completely different colors such as, gray versus green or
pink versus blue, to name a few, may also present interesting results. Variations in different
shapes may also present a potential for inattentional blindness. Additionally, research on the
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motion of the stimuli is of interest. If the gorilla in Simons and Chabris (1999) study had hopped
in and hopped out, would it have been seen by all who viewed it?
Camouflage has been used by the U.S. Army since World War I (Behrens, 1987). From
that time, one of the main elements of the theory of camouflage is that matching the colors of the
camouflage with the environment it exists in is not as important as the patterning of the regions
of colors themselves (Sumrall, 1971). The camouflage’s main purpose should be to break up the
visual structural lines of a person or object that it covers. The U.S. Army uses camouflage to
prevent detection of people and things vital to its success. From this research, it is seen that
through inattentional blindness, objects go undetected. It would be of interest to the U.S. Army
to research various areas of camouflage and inattentional blindness. Some areas to consider
would include: defining similarities and contrasts on how each effectively works, determine if
camouflage can have an effect on inattentional blindness, and determine if inattentional
blindness can be induced on the enemy in a way that would reduce detection of our Soldiers.
Finally, as important as it is to recognize that inattentional blindness may occur when
certain distracters are present, it is important to learn how to avoid the occurrence of inattentional
blindness when potential distracters could affect a critical observation. In military terms, one
could consider this, “counter – inattentional blindness”. In the current study, the results show
that a light green target could be missed if the observer is only looking at dark green targets. For
events like this, research and modeling could support various solutions to reduce the undetected
target caused by inattentional blindness. One solution may include additional personnel to
monitor the battlefield or further understanding of using augmented cognition. The main goal of
the field of augmented cognition is to research and develop technologies capable of extending
the information management capacity of individuals (Schmorrow & Kruse, 2004). In an article
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by Adams (2005), future pilots may be able to communicate with their aircraft electrically via
brain signals. Cockpit systems would continuously assess the pilot's cognitive state and adapt
the presentation of information to reduce workload and improve performance in extreme
conditions. Had a system like this been integrated into the flight simulators discussed by Haines
(1991) it may have prevented the noted pilots from crashing into the aircraft on the landing strip.
Other areas of interest that could be utilized through augmented cognition would include devices
that provide information through sound or tactile modalities.

6.5

Conclusions
In human information processing, inattentional blindness either becomes a barrier to

one’s ability to process certain information or somehow there is a cause for certain information
to be considered irrelevant, in which case the information gets rejected. Wickens and Hollands
(2000) explain that raw sensory data must be interpreted or given meaning through perception.
If the information is not perceived then the information cannot be processed. Broadbent (1958)
would suggest that the information caused a bottleneck and only selected information was
attended to in the early stage of attention. Mack and Rock (1998) have similar conclusions from
their research but follow more the theory of late selection of attention (Deutsch & Deutsch,
1963). Only that which is selected by a special attention mechanism reaches higher processing
centers.
There are also those that believe that all of the stimuli in the foveal view are perceived
but not all information about the stimuli is processed. Cherry (1953), recognized that when
people focus on certain stimuli, they actually notice other stimuli but can only report generalities
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of the rejected stimuli. Luck (1996) suggests that missed targets are due to an “attentional blink”
which is a loss of information at a post-perceptual stage.
This current research does not provide data that would defend that missed targets are due
to either inattentional blindness or the loss of information after the targets are attended. The
results in this study suggest that certain information is not processed to a point where a person
can say that they saw something. This research, however, does not shed any light on how the
information processing of the human failed to detect critical targets. What this research does
show is there is a real problem with target detection when at least two different color-shaded
targets are in the same foveal view of the observer.
Another area to address in information processing is perceptual narrowing. As the
participants performed their task, there was the potential for them to place urgency on
themselves to perform well. Adding stress to their performance may have caused them to
produce a narrowing or tunneling of their attention, reducing the range of elements in their
environment that they attended (Baddeley, 1972). This would potentially cause the participants
to narrow their attention to only dark green objects.
As a final note, current and future systems that involve human operators, be it a tank or
an automobile, are containing more forms of information for the operator to process and most
likely more stress. Automation may help to reduce the operator’s mental workload but as
previously mentioned it may also increase it. With additional mental workload and stress it is
possible to see an increase in failures to detect critical targets. If developers of new systems do
not recognize that the mental workload and stress may increase and do not account for it, there is
the potential for an increase in loss of lives and property due to inattentional blindness.
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APPENDIX A
COLOR PERCEPTION SCORE CHART
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Participant # _____

A

B

C

D

E

F

12

5

26

6

16

0
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APPENDIX B
PARTICIPANT DEMOGRAPHICS
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Participant # _____

Age _____

Military Experience (yrs.) _____

Tank gunner experience (yrs) _____

Has your most recent training included mostly desert terrain or various terrains including desert?
(Circle one)
Frequency of video game playing (hr/wk) _____
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APPENDIX C
QUESTIONNAIRES
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Expanded Tellegen Absorption Subscale
(Smith-Jackson et al., 1997; Tellegen & Atkinsson, 1974)
Participant # ____

Directions: Please read each item carefully and indicate to what degree each item is
characteristic of you. (1=extremely uncharacteristic and 5=extremely characteristic)
Uncharacteristic

Characteristic

1. The sound of a voice can be so fascinating to me
that I can just go on listening to it.

1

2

3

4

5

2. While acting in a play or watching television, I have
sometimes really felt the emotions of the character
and have become him or her for the time being,
forgetting both myself and the audience.

1

2

3

4

5

3. I can sometimes recollect certain past events
in my life with such clarity and vividness that
it is like living them again or almost so.

1

2

3

4

5

4. If I wish, I can imagine some things so vividly that
they hold my attention in the way a good movie or
story does.

1

2

3

4

5

5. I can tell a story with elaborations to make it sound
better and then have the elaboration seem as real to
me as the actual incident, or almost so.

1

2

3

4

5

6. I am sometimes able to forget about my present
self and get absorbed in a fantasy that I am
someone else.

1

2

3

4

5

7. I listen so hard when having a conversation that I
am not distracted by the world going on around me.

1

2

3

4

5

8. When I read an interesting book, the hours fly by
without my noticing.

1

2

3

4

5
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Directions: Please read each item carefully and indicate to what degree each item is
characteristic of you. (1=extremely uncharacteristic and 5=extremely characteristic)
Uncharacteristic

Characteristic

9. One of my better qualities is the ability to put 100
percent of my attention to a task at hand.

1

2

3

4

5

10. I can do bills or paperwork with the television or
radio on and still maintain my concentration.

1

2

3

4

5

11. I do not like it when I have to divide my attention
between two things at once.

1

2

3

4

5

12. When watching television, I lose myself in a
character.

1

2

3

4

5

13. When with a group, I am good at listening to
several conversations at once.

1

2

3

4

5

14. My day dreams are so real, I sometimes mistake
them for actual events.

1

2

3

4

5

15. When driving, I have difficulty following another
person’s conversation because it distracts me from
the road.

1

2

3

4

5

16. I can study well in a noisy environment.

1

2

3

4

5

17. I can easily become absorbed in my own thoughts.

1

2

3

4

5

18. When concentrating on a task, it is difficult for
other people to get my attention.

1

2

3

4

5

19. I have difficulty concentrating.

1

2

3

4

5

20. I am easily distracted by things around me.

1

2

3

4

5
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DAPI (Grumbles & Crawford, 1982)
This questionnaire is an assessment of individual differences in the abilities to selectively
attend and to carry out several tasks simultaneously. These abilities are NOT related to general
intelligence. Describe your experiences in terms of frequency:
NEVER VERY RARELY RARELY OCCASIONALLY OFTEN VERY OFTEN
0

1

2

3

4

ALWAYS

5

6

1. ____ Can you concentrate on reading or studying while in a noisy room?
2. ____ Can you get so involved in an activity that you don’t have extraneous thoughts (don’t
think about other things)?
3. ____ Can you block out advertising commercials on TV or radio?
4. ____ Have you ever had the experience of not hearing or not remembering what a person
said to you while you are involved in an activity and yet found yourself acting upon that
person’s statement at a later time?
5. ____ Can you lose yourself in thought so that you are hardly aware of the passage of time?
6. ____ Can you ignore or reduce pain (without drugs) if you want to?
7. ____ Can you ignore music when you are reading or studying?
8. ____ Can you shift your attention away from bothersome noises or distractions in a room so
that they no longer bother you?
9. ____ Can you concentrate easily on reading or studying when music is playing in the same
room?
10. ____ Can you lose yourself easily in thought?
11. ____ Can you doodle at the same time that you are having a conversation with another
person?
12. ____ Can you attend to music easily and not hear conversations going on nearby in the
same room?
13. ____ When you are at a party, can you attend to one conversation and ignore another one
which is close by and audible?
14. ____ Do you ever miss or arrive late for appointments or class because you were so
involved in something that you forgot the time?
15. ____ Can you drift off into your own thoughts or daydreams and still attend to someone
else’s conversation at the same time?

50

NEVER VERY RARELY RARELY OCCASIONALLY OFTEN VERY OFTEN
0

1

2

3

4

ALWAYS

5

6

16. ____ While walking can you become so engrossed in thought that you do not recall the
people or places you have passed?
17. ____ Can you forget that someone else is in the room with you?
18. ____ Can you ignore the discomfort of being in an environment that is too hot or too cold
(within reasonable limits)?
19. ____ Can you “loose” a period of time where you cannot remember what you did?
20. ____ When you are at a play or movie, can you ignore or be unaware of disruptive
movements or noises made by others around you?
21. ____ Can you write easily while at the same time listen to a conversation?
22. ____ Can you wander off into your own thoughts while doing an activity so that you actually
forget what you were doing, and then find a few minutes later that you have finished the job
without even being aware of having finished it?
23. ____ Can you daydream so deeply that you do not hear someone talking to you?
24. ____ Can you be so involved in reading or studying that when someone talks to you, you
do not hear them?
25. ____ If you want to take a nap, can you easily ignore others conversing in the same room?
26. ____ Can you write easily while at the same time listen to the radio or TV?
27. ____ Can you be so involved in reading or studying that when someone talks to you, you
do not hear them at the time yet later realize that they have spoken to you?
28. ____ Can you be so involved in dancing that you are almost not aware of your
surroundings?
29. ____ Can you carry out a moderately complex activity at the same time that you are having
a conversation with another person?
30. ____ Can you talk on the telephone while doing some other physical activity?
31. ____ Can you read or study easily while at the same time listen easily to a conversation?
32. ____ Can you read or study easily while at the same time listen to the talking of the radio
or TV?
33. ____ Can you read or study easily while at the same time listen to music?
34. ____ Can you write easily while at the same time listen to music?
35. ____ Can you carry out a physical activity easily while listening to a conversation?
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NEVER VERY RARELY RARELY OCCASIONALLY OFTEN VERY OFTEN
0

1

2

3

4

5

ALWAYS
6

36. ____ Can you carry out a physical activity easily while listening to someone talking on radio
or TV?
37. ____ Can you carry out a physical activity easily while listening to music?
38. ____ Can you wake up at night at some predetermined time during the night? (e.g., know
you have to wake up at 4 AM and do so without any external help, such as an alarm clock)
39. ____ Can you read or study easily while actively involve in conversation?
40. ____ Can you listen to a conversation, be writing or studying at the same time, and also
carry on some other internal thoughts unrelated to the first two at the same time?
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CFQ (Broadbent et al., 1982)
The following questions are about minor mistakes which everyone makes from time to time, but
some of which happen more often than others. We want to know how often these things have
happened to you in the last six months. Please indicate frequency where Never=0 and where
Always=4

USE THE SCALE BELOW. ANSWER ALL QUESTIONS.
Almost

Almost

Never

Never

Occasionally

Always

Always

0

1

2

3

4

1. _____ Do you read something and find you have not been thinking about it and must read it
again?
2. _____ Do you find you forget why you went from one part of the house to the other?
3. _____ Do you fail to notice signposts on the road?
4. _____ Do you find you confuse right and left when giving directions?
5. _____ Do you bump into people?
6. _____ Do you find you forget whether you’ve turned off a light or the stove or locked the
door?
7. _____ Do you fail to listen to people’s names when you are meeting them?
8.

_____ Do you say something and realize afterwards that it might be taken as insulting?

9. _____ Do you fail to hear people speaking to you when you are doing something else?
10. _____ Do you lose your temper and regret it?
11. _____ Do you leave important letters unanswered for days?
12. _____ Do you find you forget which way to turn on a road you know well but rarely use?
13. _____ Do you fail to see what you want in a supermarket (although it’s there)?
14. _____ Do you find yourself suddenly wondering whether you’ve used a word correctly?
15. _____ Do you have trouble making up your mind?
16. _____ Do you find you forget appointments?
17. _____ Do you forget where you put something like a newspaper or a book?
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Almost

Almost

Never

Never

Occasionally

Always

Always

0

1

2

3

4

18. _____ Do you find you accidentally throw away the thing you want and keep what you
meant to throw away-as in the example of throwing away the matchbook and putting the
used match in your pocket?
19. _____ Do you daydream when you ought to be listening to something?
20. _____ Do you find you forget people’s names?
21. _____ Do you start doing one thing at home and get distracted into doing something else
(unintentionally)?
22. _____ Do you find you can’t quite remember something although it’s ‘on the tip of your
tongue’?
23. _____ Do you find you forget what you came to the shops to buy?
24. _____ Do you drop things?
25. _____ Do you find you can’t think of anything to say?
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Embedded Figures Test
Embedded Figures Test not permissible for publication.
Copyright 1962, 1975 by Educational Testing Service. All rights reserved.
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APPENDIX D
VOLUNTEER AGREEMENT AFFIDAVIT
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VOLUNTEER AGREEMENT AFFIDAVIT:
ARL-HRED Local Adaptation of DA Form 5303-R. For use of this form, see AR 70-25 or AR 40-38
The proponent for this research is:

U.S. Army Research Laboratory
Human Research and Engineering Directorate
Aberdeen Proving Ground, MD 21005

Authority:

Privacy Act of 1974, 10 U.S.C. 3013, [Subject to the authority, direction, and
control of the Secretary of Defense and subject to the provisions of chapter 6 of
this title, the Secretary of the Army is responsible for, and has the authority
necessary to conduct, all affairs of the Department of the Army, including the
following functions: (4) Equipping (including research and development), 44
USC 3101 [The head of each Federal agency shall make and preserve records
containing adequate and proper documentation of the organization, functions,
policies, decisions, procedures, and essential transactions of the agency and
designed to furnish the information necessary to protect the legal and financial
rights of the Government and of persons directly affected by the agency's
activities]

Principal purpose:

To document voluntary participation in the Research program.

Routine Uses:

Disclosure:

The SSN and home address will be used for identification and locating purposes.
Information derived from the project will be used for documentation, adjudication
of claims, and mandatory reporting of medical conditions as required by law.
Information may be furnished to Federal, State, and local agencies.
The furnishing of your SSN and home address is mandatory and necessary to
provide identification and to contact you if future information indicates that your
health may be adversely affected. Failure to provide the information may
preclude your voluntary participation in this data collection.

Part A • Volunteer agreement affidavit for subjects in approved Department of Army research projects

Note: Volunteers are authorized medical care for any injury or disease that is the direct
result of participating in this project (under the provisions of AR 40-38 and AR 70-25).
Title of Research Project:
Human Use Protocol Log #
Number:
Principal Investigator:

The Relationship between Color and Military Target Detection
ARL-20098-05004
Doug Savick
US Army Research Laboratory
Human Research and Engineering Directorate

Associate Investigator(s)
Location of Research:

Aberdeen Proving Ground, MD

Dates of Participation:

15 December 2004 – 30 December 2005
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Phone: (410) 278-5852
E-mail: savick@arl.army.mil

Part B • To be completed by the Principal Investigator
Note: Instruction for elements of the informed consent provided as detailed explanation in accordance
with
Appendix D, AR 40-38 or AR 70-25.
Purpose of the Research
You are invited to participate in a study designed to evaluate target detection methods for potential use on
future weapon systems. The purpose of this study is to determine if there are any visual impediments on
the tank gunner while he observes enemy targets. The results will be used to create assessments and
recommendations in support of future Army systems. This study is being conducted by the U.S. Army
Research Laboratory (ARL) – Human Research and Engineering Directorate (HRED).
Procedures
This study will be will take approximately 30-40 minutes of your time. You are one of 48 Soldiers who
will participate in this study over the next few months. Participants are randomly assigned to perform the
tasks observing enemy targets.
Your time will consist of:
a.)
b.)
c.)
d.)
e.)
f.)
g.)

Arrival on site and completing the Volunteer Agreement Affidavit.
Color perception test
Fill out demographic questionnaire
Instruction of procedures
Presentation of battlefield scenario
Verbal questions and answers
Fill out additional questionnaires

After completing this Volunteer Agreement Affidavit, you will be assigned a study participant number
and information will be recorded using only this number. You will complete a color perception test and
fill out a demographics questionnaire. Then you will be asked to observe a computer graphic display of a
battlefield. During the observation, you will be asked to observe enemy tanks and count the number of
times that they change directions. This will last for less than a minute. Following the observation, you
will be asked to answer some verbal questions and fill out some questionnaires. The questionnaires will
take approximately 30 minutes to complete.
Equipment to Be Used and Support Facilities
Prior to the study, a Titmus® 2a Vision Screener will be used to test for color perception. The
demographics questionnaire will be given that asks for age, military experience, tank gunner experience,
and frequency of playing video and computer games. The research study will be conducted in a laboratory
setting. The battlefield setting will be displayed on a 17” monitor. The software to support the display
will be developed specifically for this study and will run on a Pentium III desktop computer. After
monitoring the battlefield for the required time, questionnaires will be administered to each participant.
The questionnaires will be used to determine level of focused attention and to measure field
independence.
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Benefits
There are no personal benefits to you for being in this study. However, you will receive the
personal satisfaction of providing valuable information to the Army cognitive sciences research and
you may be contributing to the improvement to future systems crewstations.
Risks
The risks that may be encountered during this study are typical of the everyday risks that you may
encounter while viewing a computer monitor.
Confidentiality
All data and information obtained about you will be considered privileged and held in confidence.
Complete confidentiality cannot be promised, particularly if you are a military service member, because
information bearing on your health may be required to be reported to appropriate medical or command
authorities. In addition, applicable regulations note the possibility that the U.S. Army Medical Research
and Materiel Command (MRMC-RCQ) officials may inspect the records.
Disposition of Volunteer Agreement Affidavit
The Principal Investigator will retain the original signed Volunteer Agreement Affidavit and forward a
photocopy of it to the Chair of the Human Use Committee after the data collection. The Principal
Investigator will provide a copy of the signed and initialed Affidavit to you.
Obtaining of ASVAB Scores
IF YOU ARE AN ACTIVE DUTY ENLISTED MILITARY VOLUNTEER, we would like to obtain
your Armed Services Vocational Aptitude Battery (ASVAB) scores for potential data analysis. The
ASVAB scores would be used strictly for research purposes. The results of any such analyses would
be presented for the group of participants as a whole; and no names will be used. With your
permission, we will obtain these scores by sending a copy of this signed consent form along with your
Social Security Number to the Defense Manpower Data Center (DMDC) in Seaside, CA where
ASVAB scores may be obtained from their databases in Arlington, VA or Seaside, CA. If you do not
wish your ASVAB scores to be released to the principal investigator, you will still be allowed to
participate in the research.

If you would like to participate in this research, please sign one of the following statements, and then
complete the information requested at the end of this form:
I DO AUTHORIZE you to obtain my ASVAB scores. ______________________________
(Your Signature)
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I DO NOT AUTHORIZE you to obtain my ASVAB scores. ______________________________
(Your Signature)

Contacts for Additional Assistance
If you have questions concerning your rights on research-related injury, or if you have any complaints about your treatment while
participating in this research, you can contact:
John Warner, Ph. D., Chair, Human Use Committee
AMSRD-ARL-HR-MY, U.S. Army Research Laboratory
2250 Healy Ave, Ste 1172 (Bldg 51005)
Ft. Huachuca, AZ 85613-7069
(520) 538-4705 or (DSN) 879-4705

OR

Office of the Chief Counsel
U.S. Army Research Laboratory
2800 Powder Mill Road
Adelphi, MD 20783-1197
(301) 394-1070 or (DSN) 290-1070

I do hereby volunteer to participate in the research project described in this document. I have full capacity
to consent and have attained my 18th birthday. The implications of my voluntary participation, duration,
and purpose of the research project, the methods and means by which it is to be conducted, and the
inconveniences and hazards that may reasonably be expected have been explained to me. I have been
given an opportunity to ask questions concerning this research project. Any such questions were answered
to my full and complete satisfaction. Should any further questions arise concerning my rights or project
related injury, I may contact the ARL-HRED Human Use Committee Chairperson at Aberdeen
Proving Ground, Maryland, USA by telephone at 410-278-5919 or DSN 298-5919. I understand that
any published data will not reveal my identity. If I choose not to participate, or later wish to withdraw
from any portion of it, I may do so without penalty. I understand that military personnel are not subject to
punishment under the Uniform Code of Military Justice for choosing not to take part as human volunteers
and that no administrative sanctions can be given me for choosing not to participate. I may at any time
during the course of the project revoke my consent and withdraw without penalty or loss of benefits.
However, I may be required (military volunteer) or requested (civilian volunteer) to undergo certain
examinations if, in the opinion of an attending physician, such examinations are necessary for my health
and well-being.
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The Relationship between Color and Military Target Detection
Printed Name Of Volunteer (First, MI., Last)

Social Security Number (SSN)

Permanent Address Of Volunteer

Date Of Birth
(Month, Day, Year)

Today’s Date

Signature Of Volunteer

(Month, Day, Year)

Signature Of Administrator
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APPENDIX E
INSTRUCTIONS
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This presentation does not follow the tactics, techniques, and procedures that you
have been trained to perform your duties. The scenario that you view will be used to
observe potential visual impediments on a tank gunner while observing enemy targets.
You will view a battlefield scene that displays enemy tanks. They will be on the move
and they will be moving back and forth. This scene will be displayed for approximately
30 seconds. During the presentation of this scene you are to count the total number of
times that the dark green tanks change direction and provide your answer to the
investigator at the end of the battlefield scene. Be as accurate as possible.
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APPENDIX F
TEST RESULTS

64

Table 7. Test Results
Questionnaire Scores

Participant

Saw Critical
Stimulus

Shade of Critical
Stimulus

FOV

Counted Turn
†
Time Error

ETAS

CFQ

DAPI

EF

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

N
Y
N
N
N
N
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
N
N
Y
N
Y
Y
Y
Y
N
N
Y
N
N
N
Y
Y
Y
Y
N
Y
N
N
N
N
N
N
Y
Y
Y
N
Y

Light Green
Dark Green
Light Green
Light Green
Light Green
Light Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Light Green
Light Green
Light Green
Light Green
Light Green
Light Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Light Green
Light Green
Light Green
Light Green
Light Green
Light Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Dark Green
Light Green
Light Green
Light Green
Light Green
Light Green
Light Green
Dark Green
Dark Green
Dark Green
Light Green
Dark Green

Wide
Narrow
Narrow
Wide
Narrow
Narrow
Wide
Wide
Narrow
Narrow
Narrow
Narrow
Narrow
Narrow
Narrow
Narrow
Wide
Wide
Wide
Wide
Wide
Wide
Narrow
Narrow
Narrow
Narrow
Narrow
Narrow
Wide
Wide
Wide
Wide
Wide
Wide
Narrow
Narrow
Narrow
Narrow
Narrow
Narrow
Wide
Wide
Wide
Wide
Wide
Wide
Wide
Wide

-14
-35
-10
-3
-15
-13
-11
-14
-8
-12
-11
-24
0
-31
-8
-13
-4
-7
-4
-19
4
-9
-23
-16
6
-7
-12
-10
-10
10
2
-7
-3
-14
-8
-15
-19
-2
-15
-13
-27
-8
-5
-3
-6
-7
-9
-8

56
63
74
68
42
52
52
51
55
57
58
58
76
40
64
64
47
65
58
58
46
58
59
61
65
68
51
68
61
42
40
65
68
57
51
57
52
48
62
81
47
55
45
58
58
58
53
60

34
55
51
39
28
46
44
13
42
38
35
22
72
43
32
34
19
23
17
46
17
29
60
15
26
30
32
50
15
27
19
58
21
39
30
65
34
19
33
40
34
41
22
36
25
21
48
22

93
113
182
135
95
104
172
95
127
76
102
128
216
102
127
138
51
82
168
135
94
146
123
150
56
133
107
169
150
144
92
141
147
159
106
124
121

15*
7*
3*
14*
4*
2
6
4
4
6
2
1
4
3
5
3
7
3
6
7
2
4
3
1
12
5
2
4
1
2
5
2
3
4
12
4
5
3
10
4
5
5
2
2
8
4
0
9

* - participants were not given a time limit
† - minus sign denotes the total number counted to be below the actual number of turns
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134
130
82
107
95
126
137
183
81
124
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Table 8 Demographics
Participant

Military
(years)

Age

Gunner
(years)

Type of Training

Video
Games
(hr/week)

1

26

7

7

various

3.5

2

32

11

N/A

various

14

3

31

12

8

various

0

4

20

1

1

various

0

5

22

3

3

various

0

6

28

9

7

various

0

7

25

2

1

various

0

8

28

6

6

various

14

9

31

12

8

various

3.5

10

39

13

N/A

various

0

11

22

5

1

various

6

12

24

5

13

27

6

14

31

11

less than 1

various

0

15

30

6

less than 1

various

8

16

26

7

less than 1

various

0

17

30

12

less than 1

desert

0

18

23

4

desert

8

19

28

10

No answer

0

20

30

12

5

No answer

2

21

27

8

6

various

0

22

28

4

4

various

1

23

25

8

7

various

4

24

24

6

4

various

6

25

32

7

4

No answer

6

26

30

6

2

various

0

27

28

9

6

various

24

28

29

12

4

various

40

29

30

8

2

desert

0

30

24

5

2

desert

3

31

25

8

2

various

0

32

31

8

2

various

10

33

40

5

2

various

0

34

26

8

5

desert

2

35

24

6

3

No answer

9

36

27

5

2

various

37

27

8

5

various

0

38

23

5

1

No answer

3

39

28

10

5

desert

2

40

27

5

2

desert

2

41

32

9

6

various

20

42

34

7

3

various

2

43

27

8

4

No answer

8

44

27

5

1

various

6

45

19

2

various

20

46

28

3

1

various

40

47

22

2

1

various

4

48

21

1

1

various

3

less than 1
4

2
less than 1

less than 1

67

desert

0

various

0

15
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VITA
Douglas S. Savick
Army Research Laboratory
Aberdeen Proving Ground, MD 21005
(410) 278-5852
savick@arl.army.mil
EDUCATION
Virginia Polytechnic Institute and State University
Master Science, Industrial and Systems Engineering
Graduation: (pending)
University of Cincinnati
Bachelors of Science, Aerospace Engineering
Graduation: June 1987
EXPERIENCE
5/95 – present. Aerospace Engineer; U.S. Army Research Laboratory - Human Research
and Development Directorate. Serve as the principal investigator for research studies,
MANPRINT coordination for Army systems being developed in the acquisition process,
and MANPRINT support to the U.S. Army Test and Evaluation Command.
12/91 – 5/95. Aerospace Engineer; U.S. Army Research Laboratory – Weapons
Technology Directorate. Utilized prediction code for armor piercing projectiles to
develop improved projectiles. Performed testing for armor piercing projectiles.
11/84 – 12/91. Aerospace Engineer; U.S. Army Ballistic Research Laboratory. Modified
and utilized prediction code for armor piercing projectiles; performed developmental
testing for armor piercing projectiles, tank guns, and small arms weapons.
AWARDS
November 2002: Performance Award, exceeded performance objectives.
September 2001: Special Act Award, provided exceptional support as member of the
LW155 Howitzer program.
November 2000: Performance Award, exceeded performance objectives.
September 2000: Special Act Award, provided exceptional support as member of the
Digital Fire Control System Source Selection Board.
November 1999: Performance Award, exceeded performance objectives.
December 1996: Performance Award, exceeded performance objectives.
December 1994: Performance Award, exceeded performance objectives.
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July 1995: Special Act Award, for excellent performance while serving as a Technical
Assistant to the Director of WTD.
January 1991: Special Service Award, for contributions towards the AMC Technology
Expo.
September 1990: Special Act Award, for contributions made towards the XM900E1
program.
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