
 

 

©Copyright 2013 
Julie Carpenter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

The Quiet Professional: An investigation of U.S. military Explosive Ordnance Disposal 
personnel interactions with everyday field robots  

 
Julie Carpenter 

 
 
 

A dissertation 

submitted in partial fulfillment of the 

requirements for the degree of 

 

Doctor of Philosophy 

 

 

University of Washington 

2013 

 

Reading Committee: 

John D. Bransford, Chair 

Stephen T. Kerr 

Leslie R. Herrenkohl 

 

 

Program Authorized to Offer Degree: 

College of Education 

 

 

 

 



 

 

University of Washington 

Abstract  

 

The Quiet Professional: An investigation of U.S. military Explosive Ordnance Disposal 
personnel interactions with everyday field robots 

 

Julie Carpenter  

 

Chair of the Supervisory Committee: 
John D. Bransford, Ph.D. 
Educational Psychology 

 

This research explores interactions between Explosive Ordnance Disposal (EOD) 

personnel and the robots used every day. It was designed to richly describe the nuances of 

these interactions, especially those related to operator emotion associated with the robots. 

In this study, the EOD human-robot dynamic was investigated by interviewing 23 EOD 

personnel, collecting demographic information, and using one-on-one semi-structured 

interviews. Study results suggest EOD personnel relationships among peers and team 

members showed distinct patterns in human-human relationships as part of a Human-

Human Interaction Model (HHIM) in terms of expectations of performance, and beliefs, 

values, and actions, related to their work. Findings described here also suggest 

performance expectations and other factors of the HHIM of teamwork do not map onto EOD 

personnel human-robot interactions. However, in some cases there is a tendency for 

personnel to ascribe human traits to robots, creating nuanced human-technology 

relationships introduced here as the Robot Accommodation Dilemma (RAD). These findings 

have implications for future personnel training and the refinement of robot design 

considerations for EOD and other fields that rely on critical small group communication and 

decision-making skills. 
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INTRODUCTION 

The nature of Explosive Ordnance Disposal (EOD) work is unique within military 

specializations.  EOD personnel go through some of the most rigorous specialized training 

in the military. The initial training period includes a component all members of the Armed 

Forces attend together in Eglin, Air Force Base (AFB), colloquially referred to as ñThe 

Schoolhouse.ò Once graduated into the formal EOD role, the job demands academic and 

physical prowess.  

Like some other military specialties, small-group teamwork is critical to the job, but 

EOD work also demands ongoing effective verbal communication between group members 

in order to successfully complete the team-oriented missions. Also unusual in the context of 

more typical military structure, EOD team members are frequently encouraged to give input 

to the Team Leader about each missionôs situation while it is in progress. This procedure is 

based on the assumption that every individual is a Subject Matter Expert (SME) with a valid 

perspective worth considering in a collaborative effort before the Team Leader decides on 

the final group actions. 

As the nature of EOD training and work evolves within the military, and because of a 

surge in Improvised Explosive Device (IED) encounters, modifications are being made to 

aspects of EOD teamwork. These include team size, the age of people promoted, and 

increased reliance on technology such as robots. One of the most critical standard tools 

EOD personnel use are the semiautonomous teleoperated robots that assist in Render Safe 

Procedures (RSP), helping to disable or mitigate the threat of explosives.  

 

PROBLEM STATEMENT  

Currently, EOD personnel rely heavily on robots as an important tool to assist in 

render safe procedures for unexploded ordnance. Consequently, if problems with the 
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human-robot interactions are overlooked, there is a continued danger to human lives and 

mission outcomes from the unidentified issues in these interactions. 

There has been no inductive research approach to investigating the dynamics of the 

EOD personnelôs interactions and experiences with robot models used every day and the 

associated emotional aspects of these interactions. These interactions include how emotion 

in human-robot interaction affects operator decision-making and, therefore, mission 

outcomes. EOD human-robot work presents unique emotional challenges that must be 

considered  as robot design and team size evolves. Popular news stories have reported 

EOD personnel bonding with and becoming attached to their robots (Garreau, 2007; Rose, 

2011).  

The act of attachment and its related concepts of bonding, cohesion, and trust may 

impact operator decision-making. Discovering what, if any, of these human factors plays into 

the human-robot dynamic can shed insights into leveraging the robot design elements or 

contexts of use that trigger positive and negative operator reactions.  Addtionally, in order 

for human-robot teams to be effective, research is needed into the whole system that the 

individual team members are a part of, and how these factors ultimately shape the 

interactions at micro levels. For the desired outcomes of successful missions and safe 

personnel and civilians to be achieved, the preferred effect is that EOD human-robot 

interactions are as fluid as possible, and both humans and robot can overcome obstacles 

efficiently.  

Establishing a basic understanding of the system provides a base knowledge that 

promotes the further identification of things that impact the human-robot experiences, and of  

ways to improve human-robot training, advance robot design, and the effective support of 

mission interactions between human and robot.  

Thus, in order to develop a basis of understanding on which any coherent discussion 

of robot design and use within close teams such as EOD must be based, this study delves 
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into the human user experience of EOD human-robot interactions. To achieve this goal, the 

study uses qualitative methods and examines the context, expectations, attitudes, and 

emotions that are part of these human-robot relationships. 

PURPOSE OF THE STUDY 

This study examines how United States military Explosive Ordnance Disposal 

personnel interact with robots used every day. Two research questions guided this work: 

1. What are the activities, processes, and contexts that influence or constrain every 
day EOD human-robot interactions? 

2. What human factors are shaping the (robotic) technology?  

There is currently no published, publicly available research on soldiers and robot 

interactions using an inductive approach to methodology. In order to answer the research 

questions, this study focuses on discovering emerging patterns in the experiences of 

soldiers and their interactions with robots. Then, the data are analyzed to find and describe 

these emerging patterns of information that indicate ideas, concepts, behaviors, social 

structures, and ideas relevant to illuminating the complex set of interactions that occur 

between users and robots in EOD work. The theory-building in this study uses the existing 

theoretical models of human-human and human-robot interaction. Then, based on these, it 

builds a conceptualization of theory that is applicable in the specific EOD setting.  

NEED FOR THE STUDY 

In the 20th century, artillery was the greatest producer of troop 
casualties. The IED is the artillery of the 21st century. 

Lieutenant General Michael Barbero 
Director, Joint IED Defeat Organization, 
JIEDDO Counter-IED Strategic Plan: 
 2012-2016 

 
In the United States military, Explosive Ordnance Disposal (EOD) technicians 

perform a vital role in the military, effectively and safely defusing U.S. and foreign chemical, 
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biological, radiological, and nuclear (CBRN) unexploded ordnance (UXO), including 

Improvised Explosive Devices (Department of Defense, 2006).  U.S. military EOD specialists 

also work stateside assisting local and state civil authorities to disarm and dispose of 

hazardous devices.  Various other official EOD responsibilities include support of the U.S. 

Secret Service, State Department, and other Federal agencies (Cooper, 2011; United States 

Army, 1997).  These include the U.S. Department of Homeland Security, U.S. Customs 

Office, and Bureau of Alcohol, Tobacco, Firearms, and Explosives (ATF).  Their services 

protect the President, Vice President, and other officials and dignitaries, as well as providing 

a critical part of security at large international events.  

 United States Armed Forces Explosive Ordnance Disposal specialists also train and 

assist domestic civilian law enforcement personnel (Larry, 2008, para. 2; National EOD 

Association, 2012; United States Army, 1997,) and international friendly and allied force 

military EOD specialists (Gibson, 2009; Owolabi, 2010, para. 1; Valentin, 2011). 

EOD personnel are relatively new to the history of the U.S. military, but have found 

an unfortunate new significance in recent years due to the increased use of Improvised 

Explosive Devices in warfare.  Improvised Explosive Devices are essentially homemade 

bombs, often positioned roadside in a very grassroots, non-military fashion by insurgents. 

IEDs are an alternative style to conventional weapons, often built by untrained people, and 

ironically proving to be as dangerous ð or more ð than standardized military tactics.  

Groups using IEDs as a preferred method adapt their technology quickly, with associated 

tactics, techniques, and procedures (TTPs) evolving in shorter and shorter cycles (Wilson, 

2007).  IEDs vary in design and may contain many variations of its components, such as 

detonators and explosive loads.  Typically, antipersonnel IEDs include shrapnel-generating 

objects such as nails.  

Mines, in contrast to IEDs, are usually based on a conventional design and are 

standardized and mass-replicated. IEDs take many forms, and are triggered by an 
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assortment of methods, including infrared or magnetic triggers, remote control, or pressure-

sensitive bars or trip wires.  Multiple IEDs are sometimes wired together in a daisy-chain to 

attack a convoy of vehicles along a road.  There is always the threat that toxic chemical, 

biological, or radioactive material may be an added component of the explosion, creating 

other severe effects beyond the shrapnel, concussive blasts, and fire normally associated 

with bombs.  

 Variations of IEDs include the Vehicle Borne IED (VBIED), commonly known as a 

car or truck bomb, and the House Borne IED (HBIED), created when an entire home or 

similar structure is rigged to detonate.  Insurgents will often watch any EOD investigative 

activities in order to set off the explosive strategically and detonate it remotely to cause the 

most harm, or use the IED to lure EOD personnel into the range of sniper fire. 

A critical tool in the first line of any EOD teamsô defense against these threats is the 

use of various mobile robots that perform dangerous tasks such as UXO disposal, vehicle 

inspection for hidden IEDs, and advance scouting of dangerous transportation routes.  The 

key reason to use robots to detect, inspect, or disarm IEDs is to distance EOD personnel 

from the danger, thereby reducing the chance of human injury or death. 

The rise of IED use cannot be overstated. In 2007, IEDs caused over 70 percent of 

all American combat casualties in Iraq and 50 percent of combat casualties in Afghanistan, 

including fatalities and wounded (Wilson, 2007). The impact of IEDs on civilians in areas of 

conflict has increased alarmingly in recent years, too. The United Nations Mission 

Assistance in Afghanistan (UNAMA) officially stated, ñIn incidents where intended targets 

appeared to be military, those responsible for placing or detonating IEDs showed no regard 

for the presence of civilians and no evidence of distinguishing between civilian and military 

targets in violation of the international humanitarian law principles of distinction, precaution 

and proportionalityò (2012, p. 10). 
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UNAMA reports IEDs are the biggest cause of death in Afghanistanôs armed conflict, 

and recorded the deaths of 340 civilians, and 599 additional injuries from January to 

September of 2012 (UNAMA press release). The Afghanistan Annual Report on Protection 

of Civilians in Armed Conflict stated that in 2010, 40 percent of female civilian deaths and 44 

percent of child deaths were a result of IED explosions and related suicide attacks (2011).  

According to an official of the Department of Defenseôs Joint Improvised Explosive 

Device Defeat Organization (JIEDDO), military data reports insurgents in Afghanistan plant 

up to 1,400 IEDs per month (Dreazen, 2011). At the peak of the Iraq war, there were over 

4,000 IEDs planted per month (Mora, 2010). Outside of Iraq and Afghanistan in 2011, from 

January to November, there were 6,832 IED events globally, averaging 621 per month, 

resulting in 12,286 casualties in 111 countries (iCasualties.org, 2011; JIEDDO, 2012a). 

Excluding Afghanistan and Iraq statistics, global IED casualties reached their peak in May 

2012 with approximately 1800 people wounded and almost 600 killed in May alone 

(JIEDDO, 2012b).  

In 2010, the U.S. military increased the number of road-clearing teams in Iraq from 

about 23 to 56 (Flaherty, 2010) and in 2011, augmented the road-clearing troops in 

Afghanistan from 12 to 75 (Dreazen, 2011). Reported numbers vary, but there are currently 

about 3,000 tactical robots in Iraq and Afghanistan used for reconnaissance and UXO 

sweeping (Osborn, 2010, para. 1; Singer, 2010), with about 2,000 ground robots in 

Afghanistan alone (see more detail on pp. 9-10), a ratio of approximately one for every 50 

troops (Axe, 2011).  

Unfortunately, these statistics tell only part of the story as IED threats increase as a 

method of warfare and terrorism every year, and represent greater than ever hazards to 

worldwide military personnel, domestic first responders, and civilians.  Although EOD 

personnel work in many different situations with a comprehensive range of Unexploded 

Ordnance (UXO) the regrettable increasing popularity of IEDs as a weapon have been a 
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significant springboard for some of the rapid changes within the EOD field in terms of 

recruitment, training, team structure, and tools used.  

As an example of current challenges that EOD operators and robots face, the terrain 

and human-made structures of Afghanistan present an obstacle-ridden environment that 

can be taxing to robotic exploration, even with the best of human assistance. Currently, EOD 

robots are generally wheeled or tracked, and do not resemble humans in appearance. 

Furthermore, they lack a humanlike ability to move nimbly in a challenging outdoor or indoor 

environment. A humanoid robot with biped legs and dexterous arms and hands could 

accomplish EOD tasks smoothly in difficult terrain via human operator control: They are able 

to move about in buildings, climb a rocky environment, operate existing machinery, and 

adroitly handle IEDs made by human hands. In fact, a 2004 Defense Advanced Research 

Projects Agency (DARPA) poll of U.S. military officers revealed their expectations that 

humanoid robotic infantry will be integrated by 2025 (Finkelstein & Albus, 2003/2004; 

Singer, 2009).  

 Supporting this poll, a 2004 DARPA-funded study of optimal robot forms reported 

that ñhumanoid robots should be fieldedðthe sooner, the betterò (Finkelstein & Albus, 

2003/2004, p. 4). Because the DARPA arm of the U.S. Department of Defense (DOD) 

publicly indicates that they are exploring the options of humanoid robot design for use in 

EOD situations, these statistics and this study focus on American personnel in order to 

discuss the impact of using humanoid robots in U.S. military EOD teams. 

U.S. MILITARY HUMANO ID ROBOT DEVELOPMENT  

Used in relation to robots, the term Warfighterôs Associate  (Everett, Pacis, Kogut, 

Farrington, & Khurana, 2004) describes a two-fold concept in robotics: a (1) human-

supervised platform that (2) employs a natural language interface and can understand and 

respond to high-level verbal commands, and is therefore semiautonomous.  This model was 
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developed in response to the emerging needs of the EOD units in Iraq and Afghanistan for 

robots with increased capabilities.  As part of the Space and Naval Warfare Systems Center-

-San Diegoôs (SSC San Diego) research initiatives, Everett et al. (2004) proposed a 

sophisticated system that would closely assist warfighters, ñenabling a very synergistic 

teaming of human and machine capabilitiesò (p. 2).   

To illustrate their concept, Everett et al. compared the idea to that of law 

enforcement human-canine teams.  They suggested that an anthropomorphic robot design 

might be better suited for some terrains and situations, while a Warfighterôs Associate might 

be designed as a wheeled device for other scenarios (2004). This concept of a Warfighterôs 

Associate would have a robotic embodiment that is still recognizable as a machine, but with 

humanlike characteristics. These humanlike traits might include the ability to interact in a 

human-robot team situation with natural language, and a high degree of autonomy, 

exhibiting humanlike characteristics of speech and self-directed task-oriented behaviors. 

While the level of anthropormorphication of different robot models will no doubt vary 

depending on their intended use, some U.S. military goals to develop and incorporate more 

humanlike robots is publicly available knowledge.  As cited in their 2004 report, Finkelstein 

and Albus (2003/2004) presented an EOD Mission Needs Statement published by the U.S. 

Army that plainly discussed EOD requirements for the concept of a humanoid robot: 

A need exists for a robotic platform that is capable of climbing narrow stairs, 
climbing ladders, opening doors/hatches, such as water towers, shipsô holds, 
or roofs.  The humanoid robot would be capable of climbing both ship and 
land-based ladders.  A humanoid robot would alleviate a need for the robot to 
be light for transportation, since it would be able to stow itself into an EOD 
response vehicle.  A humanoid robot would also be capable of emplacing a 
disrupter tool or x-ray rather than the current methodology of mounting the 
disrupter on the tracked or wheeled robot.  (p. 106) 

The Mission Needs Statement goes on to outline disadvantages of the wheeled and 

tracked (tank-like) maneuvering robotic systems used at the time, citing the robotsô weight 

(weighing hundreds or thousands of pounds) which complicate transport, slow down 
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movement, and cause problems related to scaling different types of terrain. This 

disadvantage, in turn, prevents the disruption of devices on rooftops or similar tall human-

made structures.  This statement also suggests investigating Current Off-The-Shelf (COTS) 

humanoid robots that could be modified for EOD use.  In other words, humanoid robot 

design is clearly being examined as a potential design choice for EOD use. 

Figure 1 that follows (Dyess, Winstead, & Golson, 2011), illustrates a movement 

toward robot squad members that are meant to replace human soldiers. In the figure, the 

fourth column uses the term ñappliqu®,ò which in common military parlance refers to add-on 

armor. One advantage of adding armor to an existing resource, such as a tank, is to 

customize an off-the-shelf product to respond to a specific threat. The ñexoskeletonò 

example of appliqué in Figure 1 shows how human operators can wear a robotic framework 

in order to improve their performance, as well as aid their protection (Fiddian, 2012). 

In addition, the same document includes a graphic (Figure 2) that explains in the 

ñFar-Termò third column a planned movement to full robot autonomy, including ñhumanoids,ò 

although this illustration does not indicate whether the two elements will be integrated, 

necessarily.  

 

 

 

 

 

 

 

 

 

Figure 1. Ground Robotics Capabilities Sets (Dyess, Winstead, & Golson, 2011) 
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Figure 2. UGV Capabilities by Timeframe (Dyess, Winstead, & Golson, 2011) 

Note that in Figure 2, Counter-Improvised Explosive Devices (C-IED) are described 

as a ñdominant mission setò in the near-term list of Unmanned Ground Vehicle capabilities, 

indicating their development is a high priority in 2010-2015.  

However, United States military-funded humanoid robot research and development 

has already been active for decades and has a rich history of innovation.  One of the better 

publicly known early U.S. military anthropomorphic robot research projects produced the 

robot ñMannyò (Yost, 1989), a humanlike robot with a working artificial respiratory system, 

but no autonomy or intelligence.  
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Figure 3. Manny (Image: Idaho National Laboratory, 1988) 

Developed to test protective clothing in simulated conditions that are hazardous to 

humans, Manny was built for the U.S. Army's Dugway Proving Ground (Fisher, 1988). 

Another humanlike robot from that era includes the U.S. Space and Naval Warfare Systems 

(SSC) ñGreenman,ò used for remote presence demonstration (Chatfield, 1995).   

More recently, there is the DARPA robotics project is the Autonomous Robot 

Manipulation (ARM) program, with the goals of developing software and hardware for an 

autonomous robot able to use human tools and similar agile hands-on ñcontact tasksò via 

humanoid robotic arms, wrists, and hands. The current publicly available iteration of the 

ARM robot platform has an overall humanlike morphology that includes head, face (with 

stereo cameras for ñeyesò), a pan-tilt neck, two arms, hands (with force-torque tactile 

sensors), and a torso on a mobile base (DARPA, n.d.).  When Robert Mandelbaum, former 

Program Manager for the ARM initiative, was asked to give an example of the task that the 

ARM hardware and software under development would hopefully produce, he responded 
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using IED disarming as a specific example (Guizzo, 2010), indicating that EOD work would 

be one area where ARM robots may be used.  

In 2010, Vecna Technologies developed the Battlefield Extraction-Assist Robot 

(BEAR) for the U.S. Army (Gilbert & Beebe, 2010; Silverstein, 2010), a 6ô5ò humanoid robot 

prototype that can access most spaces that a human can due to its ability to move either 

bipedally or tracked (Figure 4).  In addition, BEAR can lift up to 500 pounds, carry supplies 

or wounded soldiers, and is being investigated for other military applications.  

 

 

Figure 4. BEAR (Photo: Vecna Robotics, 2010) 

Even more recently, Boston Dynamics developed Protection Ensemble Test 

Mannequin (PETMAN), a biped humanoid robot used for testing chemical-resistant apparel 

in the United States military (Shaker, 2011).   
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Figure 5. PETMAN (Photo: Boston Dynamics, 2013) 

In its final iteration, PETMAN will be ñthe shape and size of a standard human,ò 

according to Vice President of Engineering at Boston Dynamics, Robert Playter (Edwards, 

2010).  DARPA has also commissioned Boston Dynamics to develop the Atlas robot that is 

designed with a torso, two legs, and two arms (C. Brown, 2011; Edwards, 2010; Shaker, 

2011).  This robot, as shown in Figure 5, has impressively nuanced physical capabilities and 

can walk upright bipedally with a heel-to-toe walking motion, maneuver sideways in order to 

move through narrow passages, and use its own forward motion to hurl or swing itself 

across gaps and between handholds. 

The Navy Center for Applied Research in Artificial Intelligence (NCRAI) is developing 

a bipedal, two-armed robot called Shipboard Autonomous Firefighting Robot, or SAFFiR. 

SAFFiR is designed to move autonomously through a ship, naturally interact with people, 

and fight fires. In other words, it will carry out many of the dangerous firefighting tasks that 

are usually performed by humans (McKinney, 2012). According to a NCRAI press release, 

the plan is to enable SAFFiR to employ high-level reasoning ability and allow autonomous 




















































































































































