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Our Users 

We are targeting our efforts towards ROTC cadets, both male and female. However, men 
represent the bulk of ROTC cadets at a national average of 80%.  All ROTC cadets are 
young (aged 17 through 26) and are full time students that may or may not be on 
scholarship. Additionally, these students may be either graduate or undergraduate students. 
On average they are largely inexperienced in the arduous hikes, training and activities they 
are undertaking as ROTC cadets. This can vary, though, depending on their year in the 
program. Traditionally, all cadets are enrolled for the typical four year undergraduate 
curriculum, but fifth year students and graduate students are the exception.  

All cadets are enrolled in academic courses as pertain to their majors. This can vary from 
Biomedical Engineering to Studio Art to Management. In addition to these major classes, all 
cadets are enrolled in military science courses. These courses consist of in-class lecture and 
in-field leadership labs where they apply methods, techniques, and tactics that they learned 
in the classroom. In addition, all cadets attend three physical training sessions during the 
week. Finally, some cadets volunteer for other activities within the program, but which are 
not required in their military science curriculum.  

The cadets are expected to be in good physical health, so the worry of disability is low. 
Instead, these students often find themselves in situational impairment scenarios. These 
include visual challenges as it relates to low light or movement techniques during their field 
training activities and the inability to use vocal or aural communication methods in order to 
avoid detection by enemies.  

Predominantly, the cadets are Georgia Tech students, though some are from surrounding 
educational institutions in the Metro Atlanta area such as Emory and Kennesaw State.  

Other users of our system will undoubtedly be the instructors and officers of the students. 
These additional users are the decision-makers and may have ultimate say on how we 
approach and prototype within our primary user group of ROTC cadets. 

Finally, our eventual solution may also help professional ground infantry units as they 
operate under similar conditions. However, we are not focusing on this group due to limited 
access.  

 

ROTC Cadet (Primary) Characteristic Ranges 

Age 17-26 years 

Gender 80% Male 

Job Titles Student 

Experience Level 0-4 years  

Work Hours Full course loads (12+ credit hours) 

Education Average: working on Bachelor’s; enrolled in Military Science 
Classes; In class instruction, In field leadership labs, physical 
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training courses 

Location Predominately Ga Tech, but also Emory, Kennesaw State, and other 
Metro Atlanta institutions 

Income n/a* 

Technology Most are familiar with basic computer functions, some may have 
extensive computer science experience; firearms; radios; cell 
phones; journals 

Disabilities No specific limitations to their physical health; situational 
impairments - low light visibility, non-verbal communication 
scenarios, turbulent viewing environments, limited focus on items 
other than their surroundings 

Family Predominantly single 

*Note: We do not have this information yet, but will tailor our design to fit within the budget confines 
of whomever is doing the purchasing. Here, the customer likely won’t be the user.  

Our Users’ Problem  

ROTC cadets are undertaking weekly low-light ruck marches. We have accompanied them 
on one such hike and observed that when the leader of the ruck encountered some sort of 
obstruction in the path (a tree branch, a rock etc.), the leader would simply say “step” to 
the person behind them. This command would then filter back through the ranks to indicate 
to each member of the group that there was an obstacle in the path. Cadets are able to 
estimate the location of the obstacle by subconsciously localizing the sound of the ‘step’ 
vocalization.  

This method of communication is known as ‘daisy-chaining’, and can also be used to convey 
messages to and from specific members of the group. However, this method can delay 
transmission of the message intended from sender to receiver. Additionally, the ‘step’ 
vocalization does not indicate location or type of obstacle. Rather, it’s main purpose is to 
engage a temporarily heightened sense of attention until the obstacle is successfully 
avoided or maneuvered. It is executed many times throughout each hike.  

The users/cadets are simply attempting to get from one place to another during their hike 
and such obstructions are unavoidable. To ease their situation, we are attempting to make 
the conveyance of information between the leader and the rest of the cadets more effective 
in low visibility situations, while also remaining natural and intuitive. 
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Scenario 

Setting Outdoors in early morning, low light, and in enemy territory with the 
rest of a tactical unit 

User Commanding Officer Line Leader Line Cadet 
Goal Move his unit safely 

through the territory 
while avoiding 
detection 

Move through 
territory safely, 
leading the rest of 
his comrades 
according to 
instruction while 
avoiding detection 

Move through 
territory safely with 
the rest of his 
comrades while 
avoiding detection 

Sequence of 
Events 

Create plan, 
communicate plan, 
deploy plan; maintain 
communication 
throughout to make 
quick adjustments; 
maintain awareness of 
surroundings 

Comprehend and 
implement 
Commanding 
Officer's orders; 
make adjustments 
according to 
instructions; 
maintain 
situational 
awareness 

Follow the man in 
front of him in the 
line; offer instruction 
to the man behind 
him in line; maintain 
situational awareness 

Result Maneuver the field 
safely and without 
cadet casualties 

Follow orders and 
maneuver the field 
safely 

Follow the leader and 
maneuver the field 
safely 

 

Description of Task Characteristics & Environment 

 

Task Aspect Description 

Trigger: What gets users to start their 
task? 

Orders from commanding officer, or onset 
of darkness while carrying out previous 
orders 

Desired Outcome: How they will know 
when the task is complete? 

Task is complete: orders from 
commanding officer, or daybreak while 
carrying out previous orders 

Desired outcome: complete the covering of 
the required terrain while remaining 
undetected, no injuries, low fatigue 
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Base Knowledge: What will the users be 
expected to know when starting the task? 

Destination (possibly), heading or GPS 
information, possibly understanding of 
terrain (from maps, air intel, etc.) 

Required Knowledge: What do they 
actually need to know to complete the 
task? 

Obstacles identified and avoided without 
injury or delay. 

Artifacts: What tools or information do 
they use in the course of the task? 

GPS, glow sticks (during training), possibly 
communication headsets (drones?) 

In civilian hiking a headlamp is used; in 
military, more likely a form of night vision 
goggles. 

Sensory Skills Necessary Limited visual feedback on steepness of 
terrain, obstacles, edge of trail. Depth 
perception is substantially affected. Lack of 
color vision makes it difficult to identify 
obstacles. Ability to perceive various 
sensory cues in environment. 

Motor Movement Skills Necessary Coordination in moving over uneven 
terrain, made more complex by carrying 
heavy loads and attention being distracted 
(being alert for enemy combatants). 
Ability to react to sensory cues in 
environment. 

Cognitive Skills Necessary Limited visual feedback may cause 
participants to be more aware of other 
senses, including noises that can be 
distracting (and might be ignored in 
normal visibility). Ability to process 
sensory cues in environment and devise 
reaction strategy. 

Communication Skills Necessary The benefit of each participant identifying 
an obstacle and communicating that to 
following participants, may be outweighed 
by the risk of detection. 
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Conditions Under Which These Tasks Are 
Done 

In the dark, while evading detection, 
carrying heavy load, stressful situation, 
varied terrain. 

 

Task Analysis Outline 

0. Conduct low-light march 

1.       Initiate march 

1.1.    Orders given by officer in charge 

1.2.    Equipment issued; establish single file order; select leader (in front) and 
person on tail. 

1.3.    Order to start 

2.       Conduct march 

2.1.    Identify obstacle 

2.1.1. Leader identifies obstacle and communicates to following participant 

2.1.2. Each participant communicates obstacle to following participant 

2.2.    Pause 

2.2.1. Regular break for water or fatigue (timed, then continue) 

2.2.2. Tired participant identified (assign a buddy, allow to rest while 
remainder continues, then follow behind until catch-up or next regular break 
for water or fatigue) 

2.2.3. Injured participant identified (this was not observed) 

3.       Reach destination (or orders changed) 

 

Legacy & Existing System Analysis 

The current system that ROTC cadets and CO’s use to communicate obstacles is mentioned 
above as ‘daisy-chaining’. In this manual system, leaders are in the front of the ROTC cadet 
line, and communicate any obstacle as a vocalized “step!”. Then, the vocalization is 
communicated down the line of cadets until the final cadet avoids the obstacle. To our 
knowledge, there is currently no method of communicating the type of obstacle, location of 
the obstacle relative to body, or the optimal movement to avoid the obstacle.  

To our knowledge, there is no other system that ROTCs use for this specific situation. 

However, there have been attempts at digitizing the communication systems of ground 
forces in other situations. The most relevant example comes from a research project 
conducted by the University of Central Florida in 2006 where researchers Merlo et al. 
designed a system that translated common army ‘Hand and Arm’ signals into 
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distinguishable and learnable vibrotactile patterns. These vibrotactile messages were sent 
via a PDA transmitter (Figure 1), held by a researcher, to a PDA receiver held in the cargo 
pocket of a soldier. This PDA receiver was connected to a flexible belt worn around the torso 
of a soldier with eight integrated tactile motors, known as ‘tactors’ (Figures 1 & 2). The 
researchers trained 30 soldiers from the Infantry Training Brigade at Fort Benning, GA, on 
the semantics of the vibrotactile patterns prior to engaging in a routine obstacle course 
(Figure 2, right). During the course, the soldier (in full Interceptor Body Armor, or IBA, and 
carrying a simulated M4 carbine) had a squad leader in front and back of him, conducting 
various Hand and Arm signals. Additionally, the soldier received vibrotactile signals via the 
tactors worn around his torso. Signals were transmitted separately, never simultaneously. 
Signal modality and obstacle type (e.g. patrol, fire, crawl, climb, etc.) were the independent 
variables, and dependent variables included measures such as whether the signal was 
acknowledged, and how the soldier responded to the signal.  

 

Figure 1: (left) Set of 3 ‘tactor’ belts each with PDA receiver unit, and (right) Rugged PDA 
transmitter unit with pre-programmed buttons 

 

Figure 2: (left) Service Member wearing tactor belt on torso, and (right) Blueprint of the 
obstacle course completed by all 30 participants 

The soldiers followed up with a questionnaire post testing. Results showed that soldiers 
considered the system easy-to-use and were able to learn the vibrotactile messages with 
only about 10 minutes of training. However, only 4 messages were required to learn for this 
experiment.  

There were several limitations to this study. First, the obstacle course was relatively flat and 
open, and thus did not fully immerse the soldier in a realistic battlefield context. Second, 
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the study was done during daylight and thus did not take into account the possibility of 
ground forces travelling during limited vision. Lastly, the soldiers’ body armor did not have 
SAPI and ESAPI ceramic plates that normally are integrated into IBA, assumedly removed to 
make perception of the vibrotactile stimulation easier. However, integration of these plates 
could affect tactile perception in realistic combat situations. 

This research demonstrates many valuable concepts relevant to our problem space. First, 
the research touches on the advantages of utilizing multimodal technology to reduce 
cognitive overload. Soldiers’ visual and auditory attention are generally either maxed out in 
order to maintain situational awareness (SA) or limited in some way (e.g. limited light), 
making other channels, such as the tactile channel, open for communication. For our 
problem space, we will need to work with ROTC cadets in low-light situations, and thus will 
need to consider different modes of communication based on environmental context. 

Second, the research demonstrated a fundamental usability technique known as ‘natural 
mapping’. The vibrotactile patterns were very strongly associated with the actual Hand and 
Arm signals that Soldiers have used for many years. For example, the ‘Move out’ Hand 
signal begins with an open palm behind the communicator’s head and is swept forward over 
the shoulder to complete the signal (Figure 3). The vibrotactile pattern associated with this 
signal features sequential tactor actuation from back to front symmetrically around the belt 
on the body. This natural mapping was incorporated into all the patterns and allowed for 
very quick learning. This system did not require extreme effort to adopt and integrated well 
into the general duties of a ground-forces Soldier. Our approach will attempt to conform to 
these same successes such that minimal effort is required to adopt the system.   

 

Figure 3: Pictorial representation of ‘Move Out’ army Hand and Arm signal. 
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Social & Technical Context of the Design 

 

 

 

A social model "is mainly about the feelings, issues, and concerns of people in the workplace 
and the forces that influence those feelings and concerns, which often have a significant 
influence on how people approach and do their work". (The UX Book, page 196) 

From the march we attended, we envision these roles (or user personas): 
● The Commanding Officer issues commands to establish destination, start and end 

march. S/He will also issue commands to deal with exceptions, such as change in 
orders, unexpected terrain or weather difficulties, concern over enemy combatants 
(in combat simulations or actual combat), or concerns with personnel (water/fatigue 
break, deal with injury). The Commanding Officer may be in any location within or 
relative to the line (front, middle, back, or trailing behind).  

● The Line Leader may not be the commanding officer, but still has a distinct 
responsibility to set pace and (most importantly for our situation) identify obstacles. 
The line leader would speak "step" as he stepped over an obstacle, as a warning to 
those in the line behind.  The line leader therefore would likely have experience and 
capability in marching in low light. 

● Line Members have the responsibility of hearing the cue of "step" and responding 
appropriately (having been made aware of an obstacle), plus repeating "step" at the 
appropriate location. 

● The Line Anchor has an important responsibility to identify any line member who is 
encountering difficulty and has to fall out of line. This may not be easy to 
communicate to the line leader or the commanding officer in situations requiring total 
silence. 
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Potential Usability Principles 

 
Learnability: Adopting new technology for the first time should be quick. Cadets must be 
able to figure out the system and put it in practice as soon as possible and with as little 
disturbance to the focus on their main task, meaning the product’s actions should be 
predictable and reliable. In order to test the ability to quickly adopt the product, GOMS 
analysis and/or timed user tests can be done. We also expect the need to administer 
training sessions with the product. This provides an avenue to measure learnability where 
we can measure time required or number of training trials required to reach 100% 
understanding (i.e., no ‘misses’ during training). This technique is similar to what the UCF 
researchers did in their research protocol.  

Additionally, the product may be used by a variety of users (cadets in training, instructors, 
etc.). Therefore, the product should be generalizable at every level of use and operate in a 
consistent manner across those levels. In order to test the ability of all users to use the 
product, user tests should be conducted and timed with a variety of users. Also, pre-/post-
testing interviews or surveys and cognitive walkthroughs will be conducted to assess the 
learnability of the product. 

Flexibility: The system should exchange information through user pre-emptive dialog 
initiative, meaning the user initiates the action. This can help reduce or eliminate 
accidental, unintentional, or incorrect information exchange. This can be tested through 
error logging, or counting ‘misses’, during usability testing. Additionally, because the 
product has the potential to be used by a variety of users, our design must allow for task 
migratability and customizability.  These criteria can be studied through interviews, 
focus groups, and usability testing of the product prototype.  

Robustness: This is an extension of reliability and delves into recoverability, assessing 
whether or not our product does what it is supposed to do and what happens when an error 
occurs. Recoverability seems most applicable in the instance when a response from an order 
may be necessary. This aspect will be measured through post user testing questionnaires or 
surveys,  as well as error rates during testing. Another aspect of robustness that applies is 
responsiveness; meaning how long does a command take to be sent, is there a lag 
between the moment of command issue and the moment when it is received. This can be 
studied through timed testing. 

All usability principles mentioned above can be tested with a formal heuristic evaluation, 
followed by a severity ranking done by the research team of the elicited problems. 
Additionally, the general System Usability Scale (SUS) will be administered after user 
testing sessions.  

 

Information Gathering Methods 

Soon after the problem space of situational sensory impairment was recognized, the team 
met and identified 3 main sets of professionals who experience such sensory disability, 
namely firemen, doctors and army troops. To gather more information about each of them, 
the team was divided in two groups. The first group focused on online research on the 
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potential pain points as they relate to situational visual impairment. The second group 
researched potential user groups in the area and made cold calls to establish their 
availability to work with us.    

The ROTC program at Georgia Tech, after getting to know about our project, over a series 
of emails, invited us to a low visibility hike up Kennesaw Mountain on Friday, September 
4th, 2015. Three members from our team went on a hike at 5:30 am and performed an 
ethnographic field study. The hike began at 5:45 am and concluded at 7:15 am. Light 
began to break on the mountain around 6:45 am. The three members observed how the 
troops navigated, coordinated and communicated amongst themselves and with their 
leader, while performing the task with the identified user group in low visibility. In addition, 
the members of our group were able to take GoPro video footage, scribble down notes, 
and speak with cadets.  Our main contact within ROTC has been Executive Officer Major 
Richard Koch. Future meetings have been set up to carry out interviews with cadets and 
instructors.   

   

   During Hike approx. 6:20 am       Completion of Hike 7:15 AM 

 
After the hike, the team met and exchanged notes on their observations. The major pain 
points identified during the group observation briefing was the difficulty of communicating in 
the dark. During this hike voice commands were executed and helped establish coordination 
and information dissemination during the hike. However, under other scenarios where 
avoiding detection is necessary, verbal commands and radios are poor choices. Additionally, 
hand signals and motions are undetectable due to low light. Therefore, communicating in 
low visibility while in the field and in potential enemy territory simulations was selected as 
our problem area focus. The team decided to perform prior art reviews and research on 
which systems already cater to the need of visibility in low lighting. Apart from that, the 
team also viewed documentaries and amateur footage on walking and hiking in low visibility 
to understand the user's perspective and situation more clearly. 

The team held meetings multiple times over the past few weeks and discussed their 
research on the topic. Different ideas were introduced and discussed as plausible future 
directions. Each member brought his or her own share of knowledge to the table and thus 
the team amalgamated their knowledge for mutual benefit and advantage. Generally, these 
meetings are held twice a week, on Mondays and on Fridays, following HCI class with Dr. 
Bruce Walker. Other meetings are arranged on an as-needed basis. 
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Recently, the team met with their first 2nd Year Project Advisory Panel and discussed 
their ideas and progress with them. The panel was kind to provide much advice and 
information based on their knowledge and experience of having taken the course and 
having completed the project the previous year. This meeting was held Monday, September 
14th, 2015.  

For example, they praised our problem space and the techniques we used to narrow our 
focus. Moreover, they reinforced the fact that an actual product is not a necessary outcome 
of this project. However, our team communicated our desire to treat this project as 
realistically as possible, potentially with the goal of a conference paper or design 
competition.  

Panel members instructed us on different evaluation methods relevant to our project, as 
well as the need to move quickly through each project deliverable.  

 

Figure 4: Selfie taken with panel members. 

Implications for Design 

Based upon our research and personal experience on the hike, the following are potential 
implications for our design: 
● Simplicity: Our solution will need to be relatively simple and easy to use. The device 

should not be overly distracting or take attention away from the overall task of 
moving through the territory.  

● Hardiness: The design should accommodate its physical environment. Meaning, it 
may be stuffed in a rucksack or pocket and is likely to encounter rough interactions 
where it may get scratched and banged up. 

● Fail Proof: It should not be prone to run out of battery. It should be trustworthy and 
able to function for long periods of time. 

● Undetectable: There may be situations where the device should not give away the 
location of the user.  Many duties of ROTC cadets and soldiers include covert 
operations, which requires discrete communication methods. Therefore, light and 
color might be difficult or unsafe to portray. Tactile or haptic feedback may be a 
better mode of communication. 

● Multi-Modal: There may be potential for different methods of communication 
depending on the scenario. There could be moments where visual, aural, or tactile 
feedback is appropriate. Augmented reality could also be a potential option. 


