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Abstract The ability to accurately detect, perceive, and rec-
ognize biological motion can be associated with a fundamen-
tal drive for survival, and it is a significant interest for percep-
tion researchers. This field examines various perceptual fea-
tures of motion and has been assessed and applied in several
real-world contexts (e.g., biometric, sport). Unexplored appli-
cations still exist however, including the military issue of
friendly fire. There are many causes and processes leading
to friendly fire and specific challenges that are associated with
visual information extraction during engagement, such as
brief glimpses, low acuity, camouflage, and uniform decep-
tion. Furthermore, visual information must often be processed
under highly stressful (potentially threatening), time-
constrained conditions that present a significant problem for
soldiers. Biological motion research and anecdotal evidence
from experienced combatants suggests that intentions, emo-
tions, identities of human motion can be identified and dis-
criminated, even when visual display is degraded or limited.
Furthermore, research suggests that perceptual discriminatory
capability of movement under visually constrained conditions
is trainable. Therefore, given the limited military research
linked to biological motion and friendly fire, an opportunity
for cross-disciplinary investigations exists. The focus of this

paper is twofold: first, to provide evidence for the possible link
between biological motion factors and friendly fire, and sec-
ond, to propose conceptual and methodological consider-
ations and recommendations for perceptual-cognitive training
within current military programs.
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Biological motion refers to the movements of living organ-
isms (humans and animals) and has been examined in relation
to the visual and auditory information conveyed to observers
from movement, sound cues and social factors (Cottrell &
Campbell, 2014; Johnson & Shiffrar, 2013; Schneider et al.,
2014). While research concerned with various aspects of bio-
logical motion perception is increasing (e.g., auditory), the
most significant body of research in this domain has been
conducted by researchers concerned with the visual percep-
tion of biological motion and forms the basis of the work
discussed here.

Visual biological motion perception research demonstrates
that humans have an innate ability to detect and extract mean-
ingful information from biological motion, including identity,
emotion, and intention (Lu, 2010). Interestingly, while some
real-world settings have applied biological motion research
(biometrics, medical settings, safety garments, and sport).
That said, there is minimal consideration for application in
other settings, such as the (para) military settings (Steel,
Ellem, & Baxter, 2015), despite logical association.
Individuals in these professions must make numerous deci-
sions under pressure, sometimes based on often confusing
and seemingly contradictory visual information (i.e., visual
clutter; Moberly & Langham, 2002; Tyrrell, Wood,
Chaparro, Carberry, Chu, & Marszalek, 2009; Van Boxtel &
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Lu, 2012)—events that can result in misidentification as well
as decision-making and response errors. In the military con-
text, the ability to recognize and identify familiar and
nonfamiliars and their intentions from brief or limited biolog-
ical movement information has potential in helping reduce
close-combat friendly fire incidents.

The structure of this paper is first to set out and overview of
friendly fire incidents in the military, followed by a brief over-
view of studies supporting the view that developed abilities
exist in decoding perceptual information based on observation
of movement permitting accurate person recognition, particu-
larly in stressful situations. We then discuss the grounded
emergence of developing perceptual ability in relation to sport
(a ritualized, warfare-like context) and how it resembles
perceptual-cognitive discrimination in dynamic, fast-paced
changing environmental conditions of those engaging in
teammate recognition environments. Finally, we put forward
conceptual and methodological considerations that could be
developed, tested, and applied in an effort to reduce friendly
fire incidents.

Part 1: Friendly fire and operational settings
(Combat)

The perceptual-cognitive ability to recognize and differentiate
between various characteristics afforded from visual biologi-
cal motion perception is important in numerous tasks, notably
law enforcement, the military, or sport. In team invasion sports
(e.g., football), the ability to distinguish Bteammates^
(friendlies) from Bnonteammates^ (hostiles) enables players
to ensure that they pass the ball to one of their own rather than
one of the opposing team. This perceptual ability also assists
law enforcement or military personnel to distinguish the status
(friendly or not) of others, within time and visually
constrained contexts. If affiliation discrimination is inaccurate,
friendly fire incidents may result (fratricide or blue on blue).
Specifically, this is a situation or events where incorrect iden-
tification and recognition occur, leading to an allied individual
or civilian being fired upon as if they were an enemy combat-
ant (Rafferty, Stanton, & Walker, 2013).

Factors affecting perceptual information ability
for operational personnel

Within the military context, detailed rules of engagement ex-
ist, and if followed should prevent friendly fire (Hart, 2005).
However, human error exists despite many levels of procedure
designed to minimize erroneous decisions and actions (see,
e.g., Swiss Cheese Model; Reason, 2000). Hart (2005) sug-
gests that preventing all cases of friendly fire is difficult be-
cause the causes are varied and complex with many factors to
consider. For example, the maintenance of situational

awareness is essential during combat operations and is char-
acterized by individual and unit/squad knowledge and under-
standing of how actions impact current and future goals and
objectives (Endsley, 2006, 2015). Moreover, combatants need
situational awareness in regard to the local positions and
movements of hostile forces while maintaining contact with
command centers (Endsley, 2006).

The capacity to carry out such tasks is further complicated
by constraints present in modern warfare where confusion
regarding situational awareness can develop rapidly
(Semple, 2008). Conflicts can be characterized by a fast tem-
po, often continuing 24 hours a day in landscapes relatively
devoid of features (Hart, 2005) or in urbanized areas with high
similarity (buildings) and with civilians present (Semple,
2008). Moreover, engaging with hostiles often occurs on the
move with brief, interspersed glimpses of the enemy, and with
many other objects (e.g., buildings, vegetation, people, vehi-
cles), thus introducing visual clutter (Tyrrell et al., 2009).
Combatants must therefore differentiate those within or be-
yond (optical sight) visual range, determine affiliation, and
shoot to kill in a relatively reflexive manner, otherwise the
affordance is lost.

Some research suggests that the use of technology (e.g.,
thermal imaging) with the aid of sufficient human interactions
eliminates these types of errors (Kogler, 2003). However, the
increasing rates of friendly fire indicate otherwise. For in-
stance, the number of deaths during World War II (1939–
1945) was 21 % of the estimated 23 million soldiers killed
in combat, 17 % of an estimated 25,000 deaths (coalition and
noncoalition forces) in the Persian Gulf War (1991), and up to
43 % of 4424 combat deaths in Operation Iraqi Freedom
(2003–2010; Fischer, 2015; Greitzer & Andrews, 2013;
Rafferty et al., 2012).

Cases of misrecognition of target affiliation, resulting
in friendly fire

Numerous cases of friendly fire have been reported, particu-
larly since the development of firearms, and regardless of the
battle type (i.e., pitched compared to protracted); hence, inci-
dents remain an ongoing feature of contemporary combat. A
recent incident that relates to technology use in combat oc-
curred in Basra in 2003. Thermal imaging displays, used by
coalition forces, showed a number of Bhot-spots^ moving in
and out of an object, and were interpreted as hostiles. The
Bhostiles^ were then fired upon, resulting in the death of two
soldiers and the injury of two others. Post examination found
that the targets were all British soldiers (Rafferty, Stanton, &
Walker, 2012). It is possible that thermal imaging limitations
contributed to this error, as Bbody hot spots^ can display in
similar colors to areas in the surrounding environment (Han &
Bhanu, 2005). Moreover, they may not display the intricate
shape and movement patterns afforded by optical sources.
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Furthermore, shadows can complicate the visual landscape
and may have occluded key information for accurate percep-
tion, in addition to various materials that can be used to dis-
guise thermal images from infrared cameras.

Another example occurred in Iraq, in 2008, where three
American soldiers were killed, Pfc David Sharrett was part
of an eight-soldier unit searching for unidentified individuals
at night. He and his team wore night vision goggles (one eye)
and infrared lights (only visible through the goggles) to aid
familiar identification. In the time-pressured moments before
engagement, team members were not reminded to turn on
their lights, with some members, such as Pfc Sharrett, forget-
ting to do so. In the fire fight that followed, Sharrett moved
into a position held by another team member, but was
misidentified and shot (Jackman, 2012).

The Basra incident occurred beyond visual range while
using technology with visual-imaging limitations, while PfC
Sharrett was killed in close proximity under poor visual con-
ditions (i.e., night), thoughwith identification-enhancing tech-
nologies. However, numerous daytime examples have also
occurred. Corp. Channing Day and Corp. David O’Connor
were killed in 2012 when they inadvertently engaged in gun-
fire with on off-duty Afghan police officer in Afghanistan.
They perceived him to be an armed member of the Taliban,
as he was carrying a gun, which was not normal practice when
off duty. Fellow police officers subsequently returned the sol-
dier’s fire in order to protect their fellow police officer, which
resulted in the deaths of the two soldiers, whose role was to aid
the local police (Swinford & Farmer, 2012).

The incident of Corp. Patrick Tillman provides further in-
sight into the circumstances in which these incidents take
place. Unlike cases before, Tillman was killed in daylight
operations and in visual range of friendly forces. He and a
number of other squad members lost physical and radio con-
tact with their unit.When attempting to reestablish contact and
rejoin his team, Tillman was fatally shot (Inspector General,
2007; Lee, 2011). The following investigation revealed that a
coalition soldier recognized Tillman’s uniform type as friend-
ly, but proceeded to fire, while other members indicated
Tillman was waving his arms and attempting to inform fellow
combatants of his Bfriendly^ status. Despite continued at-
tempts, this information was not accurately interpreted.

Perceptual limitations of soldiers in friendly fire incidents

In each case presented, the target’s intention and identity was
incorrectly perceived. Factors leading to these perceptual er-
rors possibly included coalition forces in unexpected locations
and confusion as to the location of friendlies relative to hos-
tiles, prompting the assumption of hostile intentions; loss of
communication; coalition forces dressed differently when not
on duty; failure to identify friendlies in low-light situations
and when using technologies displaying limited visual

information; and high psychological, cognitive, and physical
stress. Despite these varying circumstances, and factors pos-
sibly affecting the outcome, a salient piece of information,
consistently available in these incidents, was biological mo-
tion. Therefore, the utilization and improvement of biological
motion information perception in operational settings has po-
tential, given it has not been previously considered or ex-
plored, and could be beneficial in operational training prepa-
ration toward the reduction of friendly fire incidents.

Soldiers and other unit members engage in a variety of
training programs that are designed to decrease errors
resulting from strained perceptual-cognitive pathways
(Matthews, Davies, Westerman, & Stammers, 2000), though
these are not driven by biological motion concepts. Despite
perceptual and cognitive training, situational awareness can
still be compromised (confusion) and contribute to friendly
fire incidents. While many factors contribute to erroneous
decisions, especially given the extensive multisensory sources
within the operational setting, the information perceived from
movement is shown to be robust and could also be used to
decrease misperception under time constraints.

Research demonstrates humans can, on average, detect var-
ious features from human motion, including emotions, identi-
ty, intentions, and action types (Blake & Shiffrar, 2007).
Evidence also indicates that not all individuals are perceptu-
ally competent, and some features may be misinterpreted due
to various forms of interference, including, visual clutter
(Moberly & Langham, 2002), low light (Jackman, 2012), or
visual occlusion (Steel & Dogramaci, 2015). The following
section overviews some of the biological motion perception
ability research. Such research studies, across various fields
and contexts, help provide valuable insight and potential ave-
nues for investigation and military operational setting.

Overview of biological motion research

Researchers in this domain primarily investigate the visual
information derived from patterns of motion performed by
humans and animals. They attempt to understand how we
perceive, process, and interpret such information and what it
tells us about the individual as well as the capabilities of the
human body and the central nervous system (see Blake &
Shiffrar, 2007; Johnson & Shiffrar, 2013, for reviews).

What does visual biological motion perception of gait tells
us about others

Biological motion research demonstrates that humans have
the nervous system infrastructure and capability to detect
and recognize human movement, even when visual informa-
tion is limited or constrained (spatially or temporally; Blake &
Shiffrar, 2007; Jackson, & Blake, 2010). Furthermore,
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idiosyncratic features of movement, such as identity (Cutting
& Kozlowski, 1977; Lu, 2010), gender (Kozlowski &
Cutting, 1978), emotions (Dittrich, 1993; Stienen &
deGelder, 2011), and movement intentions (Jackson,
Warren, & Abernethy, 2006; Van Boxtel & Lu, 2012) can be
identified.

Johansson (1973) was one of the first to investigate percep-
tion based on biological motion. In this seminal study, he
found that observers were able to accurately detect walking
gait conveyed by an early form of point-light displays (PLDs),
which were placed on specific joints. Cutting and Kozlwoski
(1977) extended this work to determine whether observers
could recognize familars based on the veiwing of PLDs. The
researchers filmed six individuals (three males, three females)
performing a series of walks past a fixed video camera, with
point-light displays attached to the ankles, knees, hips, wrists,
elbows, and shoulders. Analysis of pretest data demonstrated
that participants were able to recognize each other at levels
above chance, though perfect scores were not achieved. They
also suggested that factors such as arm swing, bounce, speed,
and stride length were the cues used by observers for identifi-
cation. One observer also used the nondynamic trait of height
to determine familiarity and exhibited the lowest competency
for this task (Cutting & Kozlwoski, 1977). At a 2-month fol-
low-up test, participants demonstrated an increase in correct
choices when detecting familiars, thus showing that identifi-
cation accuracy increased with repeated viewing of video clips
during testing, and most importantly, that gait identification
learning was feasible.

Loula, Prasad, Harber, and Shiffrar (2005) corroborated
these findings and also suggested that familiarity with the
person observed in PLDs is a key element. In their experi-
ments they found that observers were very good at identifying
themselves from PLDs, most likely because they have the
greatest knowledge of their own movements. Moreover, accu-
racy levels were high for friend identification which resulted
from a familiarity with that person’s movements, while strang-
er identification was at chance levels. The study also found
that more exaggerated actions, such as boxing, dancing, and
jumping, afforded additional idiosyncratic information com-
pared to walking and running.

Recent biometrically driven research has corroborated ear-
ly findings using more ecologically valid methods that com-
bine specialized software with video surveillance footage. In
the biometrics field, video footage (surveillance) of individ-
uals walking is compared to stored examples of surveillance
footage and used for person identification (Boyd & Little,
2003; Stevenage, Nixon, & Vince, 1999). Unlike Loula et al.
(2005), however, Yam, Nixon, and Carter (2004) found that
running exaggerates gait signatures and increases recognition.
This may be attributed to different types of stimuli, where
video footage provides additional global information, such
as shape. Johansson (1973) explained this by suggesting that

in everyday perceptions, features such as shape and motion
cues are combined.

Gender is another feature that can be extracted from bio-
logical motion. Johnson and Tassinary (2007) suggested that
whereas body shape is the primary source for direct perception
related to sex category (male/female), gender (masculine/fem-
inine) may also be identified from movement patterns. Earlier
investigations also suggested that the most valuable sources of
information for gender discrimination were related to the spa-
tial cues of joints (Hoenkamp, 1978), or centers of moment
(Pollick, Kay, Heim, & Stringer, 2005). The center of moment
is the neutral reference point around which the joints of inter-
est, in this case, hips and shoulders (Eysenck & Keane, 2000),
swing during a walking gait phase. Sway created by the hips
and shoulders was also suggested as providing sufficient cues
for gender recognition (Barclay, Cutting, & Kozlowski, 1978;
Cutting, Proffitt, & Kozlowski, 1978), with lower body dif-
ferences also aiding recognition (e.g., ankles; Hoenkamp,
1978; Kozlowski & Cutting, 1978). A limitation in these stud-
ies, however, is their reliance on using a side view of the
walking participant, which obscures the observer’s view of
both hip and shoulder motion during movement. Mather and
Murdoch (1994) and Troje, Westhoff, and Lavrov (2005)
accounted for this, and with the aid of computer-generated
PLDs indicating the joints of an actor, found that providing
frontal views of the hip and shoulder point lights increased the
rate of gender recognition.

Action type, emotion, and intention

In expanding biological motion research, Dittrich (1993) used
PLDs to determine whether the type of movement affected
recognition. His experiments involved the identification of
locomotory (i.e., walking, jumping, and leaping), instrumental
(i.e., hammering, ball bouncing, stirring, and lifting), and so-
cial (i.e., dancing, boxing, greeting, or threatening) actions.
Unlike Loula et al. (2005), Dittrich showed that locomotory
actions were recognized faster and more often than social
interaction and instrumentation use, which solidifies the no-
tion that gait affords meaningful information to the observer.

The kinematic patterns conveyed when humans express
emotion (i.e., anger, fear, and anger; Clarke, Bradshaw,
Field, Hampson, & Rose, 2005; Pollick, Lestou, Ryu, &
Cho, 2002), intention (threat; Dittrich, 1993; Van Boxtel &
Lu, 2012) or pursuit (Dittrich & Lea, 1994) within biological
motion have also been explored, though the study by Dittrich
and Lea (1994) utilized animated objects rather than PLDs to
explore intentionality. In this area, data have been assembled
from observation of PLD representations of emotive arm ac-
tions, such as anger (Pollick et al., 2002); whole body dem-
onstrations of fear, joy, and love (Clarke et al., 2005); and
different types of facial displays (Pollick, Hill, Calders, &
Paterson, 2003). Collectively, results from these studies
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indicate that various action types, emotions, and intentions
can be perceived by using the spatial and temporal cues avail-
able during presentation of the relevant movements. In addi-
tion, spatial alteration (exaggeration) does affect identification
rates more than temporal alteration (duration), which appeared
to have only a small effect (Hill & Pollick, 2000; Pollick et al.,
2003). For instance, there would be a difference between an
individual seeking cover to avoid being shot during combat
(indicating a civilian) and seeking cover to return fire (indicat-
ing a soldier).

Perceiving deception from biological motion displays

The uniqueness of gait and its use as a biometric is well
established. However, unlike fingerprints, gait is also consid-
ered a soft biometric, as it is amenable based on a number of
factors that include drunkenness, load being carried, disease,
pregnancy, shoe type, drunkenness (Yam et al., 2004), terrain,
fatigue, as well as cultural artefacts such as Bswagger^ and
Bstrut^ (Boyd & Little, 2003). These changes prompt the
question: Can gait and other actions be disguised to present
deceptive movement patterns and confuse an observer’s abil-
ity to identify a person and their intent?

Gunns, Johnston, and Hudson (2002) examined this notion
from a victim selection perspective, as threatening situations
often encourage people to walk differently compared to situ-
ations of safety. The motion change can be so pronounced that
low confidence, for example, can be conveyed, with such
individuals being more likely selected as a target for a criminal
acts. Thus, the researchers investigated whether walkers could
effectively deceive observers by conveying a more confident
walk. Participants completed a number of activities, including
altering their style of walking and participating in martial arts
classes. The most compelling finding suggested that altering
various aspects of gait was not only possible but could be done
convincingly.

The finding is significant, as some research suggests
humans are highly attuned to deceptive movements and
can be easily detected. Richardson and Johnston (2005)
required actors to first walk naturally past a digital video
camera, then, on their second pass, to adopt a style of walk-
ing that they thought mimicked an older individual.
Observers had to state whether the pair of walkers – ob-
served as PLDs – were the same person or two different
individuals. Correct identification of the actor as the same
person was at a rate better than chance. However, those
actors who shifted their weight (sway) were the hardest to
identify; thus, weight-shifting may disrupt the kinematic
features that normally characterize a person’s gait. The
study did not succeed, however, in having the deceptive
walker identified as an older individual. It is conceivable
that an individual attempting to disguise their gait can be
detected, and this capacity should improve with training.

Sensitivity to deceptive movement is also evident when
observing an individual lifting a weighted object, even when
the actor gave the impression that the object was lighter or
heavier than it was, across a number of trials. Observers suc-
cessfully detected deception (Runeson & Frykholm, 1981).
Therefore, given observers are able to perceive deception in
movement and that disguising one’s walk may draw attention
rather than deceive, the potential usefulness of gait as a bio-
metric for identification becomes pertinent in settings where
personal and group safety is paramount.

Section summary

Numerous studies have shown that the features of biological
motion can be recognized from brief and impoverished visual
displays, including, action type, emotion (Clarke, Bradshaw,
Field, Hampson, & Rose, 2005), identity (Cutting &
Kozlowski, 1977), intention (Dittrich, 1993), and deception
(Jackson & Mogan, 2007). In particular, the characteristics
that allow the observer to achieve successful recognition are
lateral sway, moment of center, shape (gender), action type,
arm swing, bounce, exaggeration, speed, and stride length
(Cutting & Kozlwoski, 1977). Moreover, it is Bfamiliarity
with others^ that highlights an acquired knowledge of motion
patterns (Hill & Pollick, 2000; Loula et al., 2005).

These factors are valuable to consider in the military com-
bat landscape. Here, it is critical that personnel demonstrate
the ability to correctly recognize and perceive the intention of
their immediate peers, friendlies, and enemy when character-
istics associated with clothing, uniforms, and cultural dress
may not be visually available or when disguise and camou-
flage is being used. The idiosyncratic nature of biological
motion may thus provide the valuable source of information
useable for accurate person and intention recognition. In doing
so, personnel may enhance their perceptual skills in order to
minimize friendly fire incidents, when the combat landscape
includes a combination of coalition, opposition forces and
civilians in visually constrained and stressful conditions.

Part 2: Considerations for the application
and training of biological motion perception
in military operation settings

Anecdotal accounts of the perceptual abilities of soldiers

Numerous anecdotal accounts and incidents highlighting the
importance of biological motion information in combat exist.
For instance, World War I soldiers have described how in
woodland night operations they needed to recognize members
of their unit from their silhouette as their uniform color was
not available as a distinguishing feature. Specifically, they
state that it was the running signature of squad members that
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enabled this ability, though as suggested by Johansson (1973),
shape features are likely to assist this perceptual process.

Beevor (2012) also recounts howD-Day troops, in an effort
to avoid friendly fire, were instructed to use knives and gre-
nades in night operations rather than guns. This would have
allowed closer engagement, and thus fewer identification er-
rors, as soldiers were more likely to not only see some features
that aid affiliation discrimination but also hear idiosyncratic
features. While visual biological motion perception is the fo-
cus of this paper, it is important to acknowledge that other
sensory sources may contribute to the process as it affords
additional information for decision making. Price and Hodge
(1976) suggested that the equipment and uniforms of soldiers
create unique sounds when in motion. Moreover, Cottrell and
Campbell (2014) suggest that footfall sounds provide individ-
ualized signatures, not unlike walking gait signatures, all of
which may contribute to a global perception of the recognition
of a target.

Therefore, while biological motion research demonstrates a
person’s ability to recognize numerous features that would
benefit from training, it is important to first examine possible
pathways for the development of what many researchers be-
lieve is an innate ability. We propose that in addition to the
knowledge that recognizing others and their intentions has for
survival value within everyday settings, this ability may also
be sharpened by sport or war minus the shooting (Orwell,
1945, 2003).

The development of a perceptual ability: Insights
from ritualized warfare

Close examination of the history and development of invasion
sports reveals significant similarities and relevance to battle-
ground situations that may explain why individuals have a base-
line ability to perceive others by their movement. The research
suggests that humans, driven by a need for resources, have
frequently engaged in practices of tribal warfare with neighbor-
ing groups, carried out in order to increase a tribe’s chance of
survival (M. H. Johnson, 2006; LeBlanc & Register, 2003;
Wade, 2006). To prepare for these interactions, some cultures
have historically participated in ritualized warfare, that is, early
forms of team sports. Ritualized warfare would have capitalized
on the development of a number of tactically based perceptual
skills, such as reading the play, moving into space, and possibly
identifying teammates by the way they run.

An early example is Baggataway, or the Blittle (younger)
brother of war,^ which was a team sport, played by early
Native American Indians, considered to be the predecessor
of modern lacrosse. The current view is that the game evolved
from a spiritual beginning as a method of honoring ancient
gods and developing skills related to battle, with Vennum
(2007) asserting that no other game is more explicit about its
origins in tribal warfare than lacrosse.

Like modern invasion sports, early versions of lacrosse
required the invasion of the opposition’s territory to score a
goal. This also requires fast ball passing that is vulnerable to
intercept affordances for both teams (E. F. Gibson, 2002; J. J
Gibson, 1986). Earlier versions of lacrosse also had greater
importance within Native American Indian cultures, as it was
a forum for tribal preparation for close combat (Morrill, 1952),
and a method to resolve disputes between neighboring tribes
(Vennum, 2007). Within Native American Indian cultures, a
variety of playing constraints existed, including the involve-
ment of both genders, a stick in one or both hands, some 12 to
thousands of players, and goals from 120 feet to several miles
apart. Games could also be played over a number of days.
They deemed this type of game play as an excellent tool for
military training, as it would have improved perceptual skill
for fast decisions, including reading the play, and tactical
awareness in addition to physical fitness (McCoy, 2004;
Morrill, 1952; Cohen, Pietrmala, & Grauer, 2006).

Contemporary forms of invasion sports, including football
(all codes), hockey (field, ice), basketball, and water polo
(Contreras Jordán, Garcia López, & Cervelló Gimeno, 2005)
still contain many of the same principles developed in earlier
invasion games and resemble combat-related skills. These in-
clude skills that maximize team (tribe) success, such as
cooperating with teammates; perceiving tactical movement;
and detecting direction, speed, and capability in a combat
landscape. Consequently, some research from sport science
could hold potential relevance and application to combat train-
ing, particularly from a visual perception and decision-making
viewpoint.

A sport science research explanation for perceptual ability
limitations of soldiers

The body of research that demonstrates a person’s ability to
recognize others, emotions, and intentions from movement is
extensive, with recent research in the sport sciences suggest-
ing skill development in invasion team sports players. Steel
and colleagues (Steel, Adams, & Canning, 2006, 2007, 2008;
Steel & Eisenhuth, 2012) have conducted a series of experi-
ments in invasion sports, with the impetus arising from anec-
dotal accounts of wartime veterans discussing night opera-
tions and in recognizing their squad members from hostiles
based on the way they moved. They proposed that if soldiers
learn this skill with no explicit training, then so, too, can in-
vasion sport athletes. Furthermore, based on early findings in
the biological motion field (Kozlowski & Cutting, 1978), they
also proposed that the skill could be systematically trainable.

Using a simple video and computer software design, Steel,
Adams, and Canning (2007, 2008) found that invasion games
athletes (junior and senior) were able to discriminate Bfamiliar
and unfamiliar^ peers based on viewing brief visual clips of
teammates and nonteammates during locomotion.
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Furthermore, subsequent studies demonstrated that athletes
had the capacity to perform this task in sport relevant time
(<500 ms; Steel, Adams, Canning, & Eisenhuth, 2010; Steel
& Dogramaci, 2015). In each study, participants displayed
significantly above chance levels for discrimination accuracy,
although somemembers performed close to chance. The latter
finding perhaps holds the most meaning and significance for
application to both sport players and soldiers. Both are re-
quired to engage, interact with, recognize, and detect the in-
tention of teammates (friendlies) and opposition (hostiles) in
time and visually constrained situations, and in sport, experi-
enced players are empirically and anecdotally shown to have
superior skills (e.g., better discrimination accuracy, anticipat-
ing more correctly, making better tactical decisions, technical-
ly responding more appropriately). Inexperienced players,
however, demonstrate more limitations with regard to
perceptual-cognitive skills, which may also be the case for
soldiers, leading to misidentification and subsequent friendly
fire.

Additional data analysis in the Steel, Adams, and Canning
(2012) investigation demonstrates that accuracy decreased
when distinguishing athletes in a less familiar context.
Moreover, when viewing footage of less familiar gait types
(skating) where players also wore heavy equipment, accuracy
also declined (Steel & Dogramaci, 2015). These points are
crucial for combat situations, as the exact landscape cannot
always be replicated in training or determine exactly how
someone will move with bulky equipment in the midst of
combat.

Therefore, while the military engages in extensive training
programs that enhance the motor and perceptual skills of per-
sonnel, including identification and acquisition of targets in
combat (Bryant & Smith, 2011; Famewo, Matthews, &
Lamoureux, 2007), these programs do not specifically address
the enhancement of identification based on biological motion
cues. Therefore, training, that at the very least addresses these
issues, even implicitly, holds some benefit. This type of pro-
tocol, with brief biological movement exposure coupled with
collections of data on decision accuracy, chronometry, and
decision efficacy, presents an appropriate methodological ap-
proach for the investigation of perceptual skill training. In
particular, an obvious link exists between this research in the
military context, based on the evolution of invasion games
from ritualized warfare as well as decision accuracy and time
constraints of both settings.

Considerations and recommendations for testing
and training perceptual abilities related to biological
motion

Insights from biological motion and sport science research,
conducted in sport settings, suggest that, on average, people

are competent at recognizing others from movement.
However, in a military operation setting, this is not sufficient,
as errors can result in death or injury. Therefore, it is impor-
tant, first, to determine which personnel are likely to engage in
close combat settings, and of these individuals, which have
deficits in the perceptual ability to recognize others and their
intentions from biological motion information.

Testing visual biological motion perception ability

The identification of such personnel can be accomplished by
using simple testing methods, such as those used by Steel et al.,
(2010). Video footage of teammates and nonteammates were
temporally occluded and formulated a randomized sequence
whereby observers used a latency device to indicate teammate
affiliation and confidence in this decision. The temporal occlu-
sion was designed to reflect the occurrence of time constraints
within a game situation and is a relevant factor for soldiers in
combat. The observers also viewed footage of familiar and
nonfamiliar views of others, also an important consideration
for military applications derived from biological motion.

Military engagements are complex and varied with scenarios
sometimes deviating from planned actions or operations; conse-
quently, soldiers may encounter situations that produce de-
creased situational awareness, leading to confusion (e.g., losing
radio contact, as in the case of Patrick Tillman). Hence, testing
strategies that provide increased ecological validity by reflecting
the specific operational needs of the unit, combined with per-
ception of biological motion, are also likely to be useful
(Greitzer & Andrews, 2013). Indeed, a number of studies have
shown that less experienced soldiers and their unit leaders are
prone to decreased levels of situational awareness as the com-
plexity of the environment increases and are therefore more
likely to be involved in friendly fire (Shattuck, Graham,
Merlo, & Hah, 2000). This arises as inexperienced leaders,
while maintaining a good awareness of the location of friendlies,
are not as able in regard to hostiles; thus, in situationswhere both
groups engage in face-to-face combat, confusion results, and
hence, an ecologically valid test sequence is essential.

Test sequences could specifically include the manipulation
of the video stimulus to show a variety of movements captured
in different contexts such, as those with low light (dawn, dusk,
and night), diverse environments (desert, jungle, arctic, or
urbanized; Endsley 2006), and with varying levels of visual
clutter (humans, animals, and machines; Mayer, Vuong &
Thorton, 2015). Furthermore, multisensory factors present in
operational settings should be considered, including excessive
sounds, extreme temperatures, and relevant and irrelevant
moving objects, which challenge the attentional capacity of
the observer. The use of footage gained from actual operations
would further augment the realistic nature of the test setting,
with simulation and virtual reality constructs also holding
some value (Holliday, 2013).
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Additional consideration should be given to the type of
device used to capture decision choice and latency data.
These devices are easily constructed by technical staff; how-
ever, to increase ecological validity, it is conceivable that the
latency device may include trigger-type buttons as opposed to
those used in other latency studies (Li, Liang, Kliener, & Lu,
2010). This would provide similar information (recognition
accuracy, confidence in the decision, reaction time and move-
ment time); however, the use of a more ecological validity
(ergonomically designed) system similar to those used during
operations is advantageous. Specifically, assessors could de-
termine expertise levels of individuals in relation to the accu-
racy of the decision (perception) in comparison to how quick-
ly participants move to pull the trigger (execution). This dis-
tinction is important, as training can be designed to address
either or both deficits and, given the fast tempo of engage-
ment, which should result in reflexive (below conscious) re-
sponses when correct target acquisition has occurred, to take
advantage of brief affordances (J. J. Gibson, 1986; E. F. 2002).

Training visual biological motion perception ability

When base-level ability has been established and defined (per-
ceptual vs. execution), individuals with scores sitting below a
determined threshold could engage in additional, though not
intrusive, training programs. Sport science research in the area
of motor learning provides evidence for a number of consid-
erations when using various strategies for training perceptual-
cognitive skills that may be beneficial in the military context.

Breslin, Hodges, Williams, Curran, and Kremer (2005)
demonstrated that individuals can improve movement profi-
ciency when observing video footage of movement perfor-
mances that were overlaid with PLDs on specific joints. This
directs the attention of the observer toward the relative infor-
mation conveyed by joint movement patterns. Furthermore,
the use of color coding, whereby translucent dots are
superimposed onto joints within video training clips, has re-
sulted in improved perceptual and motor skills for sports peo-
ple performing volleyball actions (Hagemann, Strauss, &
Canal-Bruland, 2006). In the military training context, these
types of methods could be used to construct videos, captured
ideally from real operations, and superimpose PLDs or trans-
lucent dots upon the joints or segments of the friendly forces
within the sequence. This would draw the observers’ attention
to the relevant joints and motion patterns of individuals within
the unit, in addition to the manner in which Bfriendlies^move
compared to those trying to deceive.

Gaze training provides another training option that has
been used successfully in both the sport and surgical domains.
Investigations of the gaze habits of experts found that individ-
uals who observed the gaze patterns of experts increased their
perceptual and motor skills significantly compared to controls
(Wilson, Vine, Bright, Masters, Defriend, & McGrath, 2011;

Vine, Masters, McGrath, Bright, & Wilson, 2012). The au-
thors suggest that observing these patterns expedites learning;
hence, in an operational setting, recognition based on move-
ment signatures may be useful, especially where units are
combined or new members are recruited.

Specifically, video footage can be captured while soldiers
are engaging in simulated exercises, which can then be used as
a test and training stimulus. The recorded gaze patterns of
personnel with superior recognition abilities could then be
viewed by members of the unit that demonstrate perceptual
deficits for this type of task, thus directing the observers
attention to the critical cues that allow accurate recognition.
Critically, Shi, Weng, He, & Jiang (2010) state that biological
motion detection captures attention in a reflexive manner.
Thus, if soldiers with deficits engage in ideal gaze-training
methods, they may be able to take advantage of this innate
reflexive ability and enhance their biological motion percep-
tual abilities in the operational setting.

These suggested training methods have promise in the mil-
itary setting; however, we suggest that it is also important to
consider the limitations of approaches that use directed or
explicit cues and instructions. Zhu et al., (2011) found that
motor skills (perceptual-cognitive) learned using explicit
methods (verbal-analytic) are prone to break down when ap-
plied in physically or psychological stressed situations.
Individuals using these methods are more likely to concentrate
on each step required to complete a task rather than allowing
automaticity and results in the use of attentional space that
could otherwise be used for other decision making process.

Consequently, given combat situations are inherently
stressful applied methods should be adjusted to ensure more
implicit development of the biological motion skills (Poolton,
Wilson, Malhotra, Ngo, & Masters, 2011; Malhotra, Poolton,
Wilson, Omuro, & Masters, 2015). This could include partic-
ipation in invasion sport during training or nontraining time,
which can facilitate this process by specifically ensuring that
team members wear the same attire as nonteam members. In
doing so, the focus is on movement cues that complement
shape and facial cues but do not rely on uniform-based cues.

Similar approaches can be integrated into physical ma-
neuvers where members of different squads engage in
physical exercises at dusk or dawn wearing exactly the
same attire and carrying the same equipment. In this case,
the only visible features will be anthropometric, or those
based on movement. The reverse would hold when asking
one side to dress as hostiles and move with the intention
to harm. Numerous benefits exist that include discrimina-
tion based on biological motion rather than uniform type
and color, which is absent in low-light situations.
Moreover, if the opposing participants have authentic ar-
maments used by hostiles, they, first, form certain types of
silhouettes and, second, will be forced to move using an
altered gait.
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It is essential that a variety of tools are used when capturing
video footage for testing and training. Previous research has
used stationary cameras; however, greater ecological validity
(E. G. Gibson, 2002; J. J. Gibson, 1986) would be evident if
the footage was captured using devices such as GoPro action
cameras or military-grade versions. Another benefit of train-
ing biological motion recognition is that identity and intention
(deception) can be used as a signature or conversely trained to
deceive others (hostiles). In doing so, more time may be
afforded for protective measures if hostiles are attempting to
mimic friendlies’ behaviors to move closer to them for threat-
ening purposes.

Conclusions

The purpose of this paper was to present the link between
biological motion perception and its relevance to combat sit-
uations. We propose that this research provides an argument
for the inclusion of biological motion concepts in the devel-
opment of protocols that detect perceptual deficits that may
leave personnel vulnerable to friendly fire situations, and for
the development of specialized training programs. While the
applied nature of the research is scarce and warrants further
research, it has been afforded some attention in the develop-
ment of safety apparel (Owens, Antoff, & Francis, 1994),
medicine (Murray, Drought, & Kory, 1964), and especially
biometrics (Makihara et al., 2015). However, it is the potential
applications for the reduction of friendly fire that are most
compelling.

In conclusion, friendly fire in close combat is an ongoing
military issue that has been all too prevalent in modern war-
fare. The impact of these events is broad and affects both
individuals and their organizations in relation to trust and pace
of engagement. While the human element is only one portion
of the friendly fire link, it is the one aspect that is likely to
result in repeated similar errors of judgement regardless of
technological advances. Hence, research in this setting may
benefit a perceptual-cognitive training program aimed at mil-
itary contexts. Given that not all engagements occur with op-
timal light or clarity, soldiers could be trained first to recognize
biological motion where human form is degraded because of
environmental conditions (dust, time of day) and, second, to
identify whether this person is friendly or not. We suggest this
would have the greatest impact in smaller groups (units)
where familiarity with others is achievable; however, recogni-
tion of intention from biological motion is possible regardless
of familiarity. It is also conceivable that the perception of
intention from biological motion augments the perception of
recognition; however, further research is required to determine
this relationship. In conclusion, more research is warranted in
order to determine the most efficient application of these
methods in high-pressure, close-combat battlefield scenarios.
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