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ABSTRACT 

 
The proliferation of augmented reality (AR) and virtual reality (VR) systems has accentuated their potential 
utilization as strategic, tactical, and training platforms. However, little is known about the individual and 
team behavior associated with using AR in military contexts. In this study, two-member teams conduct a 
simulated mission planning scenario with AR technology (Microsoft HoloLens) and a multi-touch 2D 
display technology (Microsoft Surface table). Team members interactively manipulate a small subset of 
military symbology in the process of planning their mission to retrieve a repository of intelligence 
documents within enemy-held territory. Differences in individual behavior and team coordination are 
observed and compared across technologies. The results of this research could be used to inform models of 
AR behavior applied to specific steps in the military decision-making process.   
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INTRODUCTION 

The proliferation of immersive technologies (augmented reality (AR) and virtual reality (VR) systems) has 
accentuated their potential utilization across a range of operational situations from strategic planning to the 
tactical edge. However, little is known about individual behavior and team coordination associated with 
using these immersive technologies. Investigations of immersive technologies supporting collocated, 
remote, and distributed simultaneous shared visualizations of the battlefield are needed to understand 
individual and team interactions with 3D holographic images. 

We begin to address the above challenge by applying an immersive technology in a mission planning 
scenario. Two-member teams conduct a mission planning scenario with two different technologies 
(Microsoft HoloLens) and a large table-top multi-touch 2D display (Microsoft Surface table). The 
HoloLens is a commercial off-the-shelf AR device with the capability to superimpose data collected and 
generated from modeling and simulation onto the actual physical environment of the HoloLens user in the 
form of a 3D holographic image.  Similar in capabilities to Microsoft Surface tablets and laptops, the 
Surface table is a Samsung SUR40 40” interactive display positioned in a horizontal viewing angle. The 
SUR40 uses Microsoft Pixelsense enabling a more accurate touch recognition. Team members use each of 
the technologies to interactively manipulate a small subset of military symbology in the process of planning 
a mission to retrieve a repository of intelligence documents located within enemy-held territory.  

In the HoloLens mission planning scenario, team members see a 3D representation of the mission terrain 
in an interactive shared environment each from their own perspective determined by their physical position 
in relation to the other team member. Each team member can manipulate the scene by rotating, dragging, 
and resizing. Each team member’s HoloLens allows pointing to objects and marking of symbols and paths 
on the terrain. The collocated team members can verbally communicate while interacting with the shared 
3D mission terrain. Team members can optimize their mission plan using an iterative ‘run and re-plan’ 
workflow similar to running a wargame simulation with a specified set of model parameter values. In the 
Surface table mission planning scenario, team members see a 2D representation of the mission terrain on a 
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large table display monitor which has multi-touch capabilities. The Surface table implementation is similar 
to planning a mission using the traditional physical ‘sand table’. 

During the mission planning scenario, differences in individual behavior and team coordination are 
observed and compared across the two technologies (HoloLens and Surface table). Device-dependent 
interactions and capabilities at varying levels are recorded in reference to both individual situational 
awareness and team coordination for achieving a more comprehensive understanding of the operational 
environment. Uncovering the limitations of shared 3D AR versus 2D capabilities is important for improving 
and developing new immersive technologies. The outcomes of this approach can be used to inform a model 
of immersive coordination behavior for shared decision making.  In the Army’s Future Force vision, the 
HoloLens and other immersive technologies can assist commanders and their staff in conducting mission 
planning for complex environments such as dense urban terrains and multi-domain battlespaces. 
 
The next section overviews the mission planning scenario which incorporates courses of action (COAs) 
components from the military decision making process (MDMP). The third section describes the 
experimental design for the comparative study between the two technologies (HoloLens and Surface table). 
The forth section discusses observations of team planning behavior while using each technology during the 
mission planning scenario.  

MISSION PLANNING SCENARIO 

The MDMP is the Army’s analytical approach to problem solving starting with receipt of a mission and 
ending with the production of operational orders. MDMP is used as a tool to assist the commander and his 
staff in examining numerous friendly and enemy COAs. The 7-step process of the MDMP instills 
thoroughness, clarity, sound judgment, logic, and professional knowledge in the decision making processes 
required for planning a new mission, extending operations, and performing training exercises (FM 101-5, 
1997). 
 
Steps 3 through 6 of the MDMP focus on developing COAs for analysis and comparison. A COA is a 
potential solution to an identified problem. Each COA is examined for validity using screening criteria such 
as accomplishing the mission within the established time, space, and resource limitations. The COA 
selection process often involves war-gaming which attempts to visualize the sequential flow of the 
operation given friendly force’s strengths and enemy’s capabilities while considering the impact and 
requirements of civilians in the area of operations (FM 6-0, 2015). The results of the war-gaming highlight 
the strengths and weaknesses of the COAs with respect to each other. This can be an iterative process where 
COAs are evaluated and then modified if required until one COA emerges with the highest probability of 
success against the enemy. 
 
Using the MDMP process as a broad framework, a mission planning scenario was developed to investigate 
team coordination behavior when developing COAs using a 3D versus a 2D visualization approach. The 
mission narrative for the game is to retrieve a repository of intelligence documents believed to be located 
in an enemy-held area of interest. Mission variables such as the waterfront terrain, remnants of a large 
multi-room building, estimated location of the document repository, estimated number and patrol routes of 
enemy forces, and civil considerations of a small village located nearby are displayed graphically using the 
visualization approaches.  
 
Figure 1 shows the 3D visualization of the enemy-held terrain using the HoloLens technology. The vertical 
blue arrow in the center of the terrain estimates the location of the document repository. The location of the 
village is north of the building. The blue line is an example COA developed to retrieve the documents and 
reach an extraction point on the waterfront. The black squares to the left of the building are an instruction 
menu to assist team members manipulate the mission scenario using verbal commands or a HoloLens 
Clicker device.  
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Figure 1. Enemy-held terrain model visualized with the HoloLens showing mission variables 
and an example COA. 

 
The visualization of the mission scenario is created in Unity using 3D assets and deployed to both devices 
(HoloLens and Surface table). The buildings, terrain, and ship mission variables are 3D models imported 
into the scene. The remaining mission variables are created using a 3D marker within Unity. Friendly forces 
are represented by blue diamond symbols; enemy forces are represented by red diamond symbols. During 
the simulated mission, the enemy forces navigate routes as estimated by the mission variables and friendly 
force routes can be interactively planned as part of COA development. The same Unity application is 
executed on the Surface table with the difference of the visualization held fixed in an aerial view of the 
terrain. Also, on the Surface table all interaction with the visualization and instruction menu is conducted 
by touch screen.  
 

EXPERIMENTAL DESIGN 

To date, AR technologies have exhibited growth within the defense sector for training warfighters to operate 
in dangerous and extreme environments such as landing aircraft on an aircraft carrier or conducting catapult 
team operations during aircraft recovery (Greunke & Sadagic, 2016; McNamara, 2016). AR technologies 
have also been used to train operational and maintenance skills such as tank platoon leader communications 
systems and armored personnel carrier maintenance (Henderson & Feiner, 2009; Khooshabeh, et al., 2017). 
Receiving far less attention is the utilization of networked AR technologies within the MDMP where these 
technologies could overcome physical space constraints and potentially connect distributed teams despite 
differences in location and time zones. However, AR devices such as the HoloLens are designed as single-
user devices. There are challenges associated with 3D holographic object registration for coordinating 
multiple viewer perspectives (Su et al., 2018). Current research includes the use of an OptiTrack tracking 
system to eliminate 3D object registration errors enabling a comparison of team performance on both the 
HoloLens and the Surface table (Su, 2017).  
  
The mission planning scenario described in the previous section simulating COA development activities 
within the MDMP framework was used as the basis for comparing the HoloLens to the Surface table. A 
within-participant experimental design randomly assigns a two-person team to one of the two technologies 
first then the remaining technology second. The networked HoloLens and the Surface table are the 
conditions in the experiment and the independent variable. The dependent variables collected during the 
experiment include the sensor fusion data from the OptiTrack system (i.e., location of the participants and 
objects in space), and human performance data such as perceived workload scores, system usability scores, 



 Online Submission ID: 39   

5 
 

total mission planning time, boat wait time, and mission success (i.e., shortness of path, path resulting in 
fewest incidents, path avoidance of obstacles). The targeted sample size is a minimum of 18 to a maximum 
of 30 participants. Video and audio is recorded by the HoloLens and cameras for data analysis purposes. 
 
In the HoloLens experiment condition, two-member teams each wear a HoloLens and work through a brief 
training session on how to use the HoloLens in a terrain-like environment. This instructional training 
introduces the team members to the navigational functions and the virtual menu. The team can practice in 
the training environment until they feel comfortable interacting with the networked HoloLens devices. In 
the Surface table experiment condition, the team completes a brief training session on the Surface table 
functionality. This training is shorter in duration as most participants are familiar with using a touch screen 
device. 
 
After the training session are completed, the mission scenario begins when an experimenter acting in the 
role of a commander verbally delivers an operation order (OPORD) to the team. An OPORD is a directive 
issued by a leader to his subordinate leaders to coordinate execution of a specific operation. The OPORD 
follows a five-paragraph format in common tactical language to organize the information and help 
subordinate leaders understand and follow the order. Oftentimes, supplements to the OPORD include a 
terrain model or map, friendly and enemy overlays, and intelligence information. In the experiment, the 
OPORD supplements are represented by the visualization of the terrain and operational variables in the 
HoloLens and Surface table mission scenario. The oral briefing of the OPORD by the commander to his 
staff is the typical communication mode in the first step of the MDMP called ‘receipt of mission’.  
 
After the OPORD briefing, the team acts in the role of the commander’s staff members given the 
responsibility of developing a COA to retrieve an enemy-held information repository located within the 
ruins of a large building. Available assets for COA development include a squad of soldiers, a 
communication device, a helicopter for entry, and a ship for extraction. When the ‘Plan Mission’ menu item 
is selected, the team gains situational understanding by analyzing the terrain and landmarks (i.e., waterfront, 
tree line, and village), the building model, and the estimated enemy patrol routes. The team members must 
work together in considering all mission variables during COA development. The COA must accomplish 
the commander’s mission as specified in the OPORD while minimizing incidents involving enemy forces 
and civilian disruption. When selecting the ‘Execute Mission’ menu item, the team can observe a simulated 
execution of their COA as the squad enters by helicopter, travels the selected route, attempts to avoid enemy 
patrols, and communicates with the ship for extraction. This simulation capability gives the team an 
opportunity to conduct follow-on analyses informing COA revisions. If the COA is determined to be 
unsuccessful, the team can select ‘Plan Mission’ to implement revisions to the current COA or begin 
developing a new COA. The iteration of the planning and executing stages of the COA are similar to the 
real-world COA ‘war-gaming process’ the next step in the MDMP. 
 

OBSERVATIONS 

To test the experimental design and mission planning scenario on both technologies, two pilot studies were 
preformed using Army Research Laboratory scientists as participants. The pilot studies were not limited to 
answering specific hypotheses. Instead, general observations were recorded as to what happens when each 
team uses the technologies to develop a COA.  During the pilot studies each team was accompanied by 
several researchers collecting multiple types of data (video recordings, observation notes, logs, interviews, 
and questionnaires) to aid in understanding the person-to-person and person-to-technology interactions.  
 
The mission planning scenario accentuated the unique capability of AR as a dual-presence information 
display where aspects of the physical world are overlaid simultaneously with additional information, in this 
case, a holographic terrain model. A surprising find of the pilot studies is how readily the participants 
collaborated around the technologies. In the HoloLens condition where each team member wore a device, 
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the team naturally and rapidly devised a method for collaborating and establishing common understanding 
sometimes by taking turns during the planning of the route and other times by individually dividing up the 
tasks required to develop the COA. In the Surface table condition, the team members tended to work 
individually by dividing up the tasks. For example, one team member would analyze the enemy patrol 
routes and the timing needed to enter and exit the building undetected while the other team member would 
construct the route segment by segment and decide on the location of the ship-to-shore communication. 
 
In capturing upper level differences in interaction behavior imposed by the HoloLens and Surface table two 
broad categories were defined for reporting observations from the pilot studies: actions establishing team-
based understanding of the problem, and actions establishing individual-based understanding of the 
problem. One example of each is described below. 
 
The variety and frequency of bodily configurations appeared connected with establishing an individual-
based understanding of the terrain. During the HoloLens condition, the bodily configuration of the team 
members constantly changed. Each team member was observed moving around the terrain model to see the 
building from different perspectives, moving to the location where the menu is displayed, moving to a 
position where the clicker could be used most effectively, and sometimes stooping to a lower perspective 
to see building doorways and windows (Figure 2). Although the HoloLens terrain model could be 
manipulated (rotate, zoom, and pan) using finger control and menu selections, team members appeared to 
prefer physical movement for interacting with the terrain model. The bodily configuration during the 
Surface table condition was primarily stationary. Team members moved to one side or the other of the 
Surface table (facing each other) at the beginning of the scenario and then remained in those positions until 
the COA development was completed (Figure 3).  
 

 
 
Figure 2. HoloLens views from each participant with turquoise Gaze discs indicating their current focus 

(left side). Gaze is used as a form of input similar to using a mouse to move a cursor. Bodily 
configuration of participants during COA development (right side).  
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Figure 3. Two-person team planning a COA using the Surface table. Pointing gestures were the primary 

form of interaction because of the multi-touch capabilities of the technology. 
 
Pointing gestures appeared connected with establishing a common team-based understanding of the terrain. 
Physically pointing to a specific location on the terrain triggered collaboration and focused discussion on a 
particular topic. During the HoloLens condition, one team member would physically point to a location on 
the terrain attempting to draw the attention of the other team member to a problem such as a fast 
approaching enemy patrol or a potential solution such as using a window to access a room in the building. 
Of interest here, videos from the actual HoloLens views indicate the other team member generally does not 
look at the pointing hand. One advantage of AR is the dual-presence display of the physical world and the 
simulated model. It was noted in other videos that HoloLens users appear to be either looking directly at 
the model terrain (no physical world visible) or looking at the physically world (no model visible). This 
could be because the pilot studies consisted of a very small sample size and the dual-presence capability of 
AR was just not utilized in these few instances. Whereas pointing gestures in the HoloLens condition may 
appear to be unproductive, pointing was the primary person-to-person and person-to-technology form of 
interaction in the Surface table condition. With the SUR40, a very large touch screen device, the action of 
physically pointing to specific areas of the terrain model appeared both natural and familiar behavior across 
teams.  
 
With the data collected from the full experiment the broad categories of interactive behavior (team-based 
and individual-based understanding) will be further defined with a theoretical supported ontology 
developed to detail and evaluate methods for AR experimentation within the MDMP. 
 

CONCLUSION 

A key challenge in the design of the experiment and scenario was to create a game-like environment that 
not only motivates and engages the participants but also resembles real-world planning activities in a 
military context. The scenario which focused on developing a COA required coordination of team effort, a 
sequencing of tasks, and interactive team-technology feedback. Presenting a 3D and 2D terrain model in 
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the team interaction scenario introduces a variety of interesting research questions particular to the 
usefulness of these types of visualization approaches within the MDMP. Results from the full experiment 
should reveal aspects that are telling of issues beyond the mission planning scenario itself; such as how AR 
supports quicker decisions and faster establishment of common understanding across team members.   
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