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Abstract. Command and Control (C2) operators function in communication 
intensive environments that impose a high degree of workload on them, thus 
resulting in failures of detection or comprehension of messages. To combat 
these issues, researchers at the Air Force Research Laboratory have developed 
an advanced network-centric communication management suite that aids C2 
operators in their mission called Multi-Modal Communication (MMC). This 
system provides operators with the tools to manage communication in a single, 
intuitive, dynamic display that reduces perceived mental workload and aids in 
decision making and situation awareness. This study set out to evaluate the 
MMC tool as a communication management suite, which affords participants 
the ability to detect as well as comprehend the presentation of multiple critical 
messages. The use of the MMC tool resulted in more detections of critical 
messages and greater message comprehension, while also lowering ratings of 
perceived mental workload as compared to traditional communication tools 
such as radio and chat.  

Keywords: Command and Control, Operational Research, Multi-Modal 
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1 Introduction 

Command and Control (C2) operators monitor large volumes of communication data 
for critical, mission-sensitive, information in order to efficiently plan, direct, 
coordinate, and control assets. This highly demanding communication task requires 
C2 operators to simultaneously attend to anywhere from 6 - 15 channels of 
communication for critical information (Bolia, 2003). A consequence of this situation 
is that critical information can be lost when C2 operators fail to attend to all relevant 
communication streams (Ramachandran, Jansen, Barcara, Carpenter, Denning, & 
Sucillon, 2009). The failure to detect and act upon missed information illustrates the 
need to improve C2 operator performance in the larger context of military operations. 
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A more efficient communication interface is required in order to maximizes C2 
operators’ attention capabilities and avoid the loss of critical information. 

To combat these issues, researchers and engineers at the Air Force Research 
Laboratory have developed an advanced prototype, network-centric communication 
management suite that aids C2 operators in their mission called Multi-Modal 
Communication (MMC). This system provides operators with the tools to manage 
communication in a single, intuitive, dynamic display that reduces perceived mental 
workload and aids in decision making and situation awareness. As seen in Figure 1, 
the suite of tools captures, records, and displays radio and chat communications to 
allow for immediate access and control over all information. In addition, speech 
intelligibility is increased by spatially separating each of the radio channels to virtual 
locations around the operator via their headphones (for a more detailed overview of 
MMC, see Finomore, Stewart, Singh, Raj, & Dallman, 2012).  

 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Two MMC displays. 1) Spatial location of audio channel; 2) Chat input field; 3) Control 
buttons; 4) Playback, edit/annotate controls, and flag icon tags; 5) Flagged/Transcribed text; 6) 
Find control; 7) Keyword highlight. 

A number of studies have been carried out using the MMC interface demonstrating 
participants can detect more critical messages and report lower perceived mental 
workload when using the MMC tool as compared to radio alone or chat alone (e.g., 
Finomore, Popik, Castle, & Dallman, 2010; Finomore, Satterfield, Sitz, Castle, Funke, 
Shaw, & Funke, 2012). However, in addition to message detection, message 
comprehension is critical for mission success. This study set out to evaluate the MMC 
tool as a communication management suite, which affords participants the ability to 
not only detect critical messages but gain better comprehension of these messages to 
carry out their mission. 

2 Method 

2.1 Participants 

Sixteen participants (7 men and 9 women) ranging in age from 18-31 years  
(M = 24.5), took part in this study. All participants were tested to ensure normal 
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hearing and normal, or corrected-to-normal, vision. Additionally, all participants 
possessed prior experience and training with the interface and communication 
detection task. 

2.2 Design 

A within-subjects design was employed with four levels of communication modes, 
more commonly referred to as conditions (Radio, Spatial Audio, Chat, and MMC). 
When the Radio condition was used, information was only presented via monaural 
audio, with no accompanying text-transcriptions. The Spatial Audio condition 
spatially separated each audio channel, so that each one came from one of nine 
possible virtual spatial locations around the operator. This condition also did not 
include any text-transcriptions. The Chat condition exclusively featured text-
transcriptions, with no accompanying audio component. Lastly, the MMC condition 
featured both spatially separated audio and text-transcriptions. Additionally, the 
MMC condition featured the availability of several communication augmenting tools 
(e.g., audio playback, keyword search, and auto-highlighting). 

2.3 Apparatus 

Participants were required to monitor information presented via four on-screen 
communication channels. Two of these communication channels featured random 
phrases from which participants had to detect messages meeting a predefined rule, 
while the other two channels presented news stories taken from an online database 
(Literacyworks, n.d.) of dated news articles, all of approximately similar length, from 
a local news agency in California. All experimental trials had a fixed duration of 
exactly five minutes. 

For critical phrase detection, both critical and neutral phrases were modified 
phrases from the Air Force Tactics, Techniques, and Procedures communication 
brevity document (United States Air Force, 2006). Critical phrases were defined by 
the presence of an “Eagle” call sign, in addition with the keywords “hostile” and 
“lead” in a singular phrase (e.g., “Eagle Two Hostile South Lead Group fifty five 
Miles”). Whereas, neutral phrases did not contain the combination of all three critical 
keywords: “Eagle,” “Hostile,” and “Lead”. Communication phrases for both channels 
were updated independently of each other. Critical phrase generation was varied at 
random over a range of 15-120 seconds, with the restriction that a total of two critical 
phrases were generated per minute (10 overall critical phrases). Neutral phrases were 
generated randomly over a range of 8-30 seconds, with the restriction that there were 
always exactly five neutral phrases generated per channel per minute (50 overall 
neutral phrases)  

The news stories were presented in small segments of 1-2 sentences punctuated by 
pauses of variable length. Different news article pairings were used in each 
experimental condition, such that participants were never exposed to any single news 
story more than once throughout the duration of the study.  
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2.4 Procedure 

All participants took part in the computer-based training, which explained that their 
task was to monitor two communication channels for critical phrases and two 
communication channels for the content of individual news stories. Special emphasis 
was given to the fact that both tasks were of equal importance, such that no special 
preference should be given to the critical phrase detection component or to the 
presented news articles. The training (two 30-minute sessions) provided participants 
with experience with the communication formats, critical phrase detection, and filling 
out the comprehension questions pertaining to the two news stories.  

The four experimental conditions were randomized per participant. Participants were 
stationed at a computer workstation, where they monitored the four communication 
channels. For the Radio, Spatial Audio, and MMC conditions participants responded to a 
critical phrase by verbally repeating the phrase into their headset and in the Chat 
condition they typed their response. Immediately following each session, participants 
completed questionnaires consisting of 10 multiple-choice questions with five items 
corresponding to each of the previous news articles. Individual questions were sampled 
from the same online database from which the actual news articles originated 
(Literacyworks, n.d.). Participants were also evaluated in terms of their perceived mental 
workload via a computerized version of the NASA-TLX (Hart & Staveland, 1988). 

3 Results 

Performance for the critical phrase detection task was evaluated in terms of 
participants’ number of correct detections and performance for the news articles, in 
terms of comprehension, was evaluated by means of a computer based questionnaire 
presented immediately following each trial.  

3.1 Message Detection 

Mean percentage of correct detection for all communication conditions is presented in 
Figure 2. 

 

 
Fig. 2. Percentage of correct detection for all communication conditions. Error bars are ± 1 
standard error of the mean across subjects. 
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Data from Figure 2 were tested for statistical significance by means of a one- way 
within-subjects analysis of variance (ANOVA). A significant main effect was found 
for communication format, F (3, 45) = 13.24, p < .01, and a Post Hoc test found that 
participants detected significantly more critical phrases in the MMC condition (M = 
92.5) than Chat (M = 75.6), Spatial Audio (M = 75.6), and Radio (M = 69.4), which 
were not statistically different from each other.  

3.2 Comprehension 

Mean reading comprehension scores for both stories are presented in Figure 3. 
 

 

Fig. 3. Mean reading comprehension scores for both stories for all communication conditions. 
Error bars are ± 1 standard error of the mean across subjects. 

A one-way within-subjects ANOVA was performed on the data in Figure 3, which 
found a statistically significant main effect, F (3, 45) = 5.91, p < .01 for 
communication condition. Post Hoc tests found that participants scored higher on the 
reading comprehension questions in the MMC (M = 60.0) and Chat (M = 55.0) 
conditions, which were not different from each other. Comprehension in both of these 
conditions was greater than comprehension in the Spatial Audio (M = 43.1) and Radio 
(M = 40.6) conditions, which were not different from each other.   

3.3 Mental Workload 

Mean NASA-TLX scores measuring perceived mental workload are displayed in 
Figure 4. 

 
Fig. 4. Mean NASA-TLX scores for communication conditions. Error bars are ± 1 standard 
error of the mean across subjects. 
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Data from Figure 4 were tested for statistical significant by means of a one-way 
within-subjects ANOVA. A statistically significant main effect was found, F (3, 45) = 
5.30, p < .01 for communication condition. Post Hoc tests found that participants 
rated workload the highest for the Radio (M = 67.12) and Chat (M = 63.25) 
conditions, which were not different from each other but were greater than the MMC 
(M = 52.94) and Spatial Audio (M = 60.44) conditions, which were not significantly 
different from each other.  

4 Discussion 

In this study, participants monitored and responded to the occurrence of critical 
phrases presented during a 5-minute signal detection task while simultaneously 
monitoring the presentation of two short news stories. It was hypothesized that the 
purported advantages of the MMC interface would facilitate greater comprehension of 
the news stories, while allowing for effective monitoring for critical phrases. In 
addition, it was predicted the tools developed for MMC would result in decreased 
scores in mental workload. 

As predicted, the use of the MMC tool resulted in a greater percent of correct 
detections of critical phrases and greater message comprehension, while reducing 
perceived mental workload compared to traditional communication tools. The MMC 
tool allows for greater detection and intelligibility afforded through spatialized radio 
communication as well as the persistent text display of the communication through 
use of the speech-to-text functionality. This persistent display has been shown to 
facilitate a better understanding of context since it creates a record that can later be 
referenced or reread, thus increasing message comprehension (Heacox, Moore, 
Morrison, & Yturralde, 2004). This combination of tools was developed with the 
purpose of providing the operator with the flexibility to process information in the 
manner that optimizes performance.  
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