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Abstract 26 

Objective: Use multiple command teams, to provide empirical evidence for understanding submarine 27 

control room performance when completing higher and lower demand Inshore Operation (INSO) scenarios. 28 

Background: The focus of submarine operations has changed, submarines are increasingly required to 29 

operate in costal littoral zones. However, submarine command team performance during INSO is not well 30 

understood, particularly from a sociotechnical perspective. 31 

Method: A submarine control room simulator was built. The creation of networked workstations allowed 32 

a team of 9 operators to perform tasks completed by submarine command teams during INSO. The Event 33 

Analysis of Systematic Teamwork (EAST) method was used to model the social, task and information 34 

networks and describe command team performance. 10 teams were recruited for the study, affording 35 

statistical comparisons of how command team roles and level of demand affected performance. 36 

Results: Indicated that the submarine command team are required to rapidly integrate sonar and visual data 37 

as the periscope is used, periodically, in a ‘duck-and-run’ fashion, to maintain covertness. The fusion of 38 

such information is primarily completed by the Operations Officer (OPSO), with this operator experiencing 39 

significantly greater demand than any other operator. 40 

Conclusion: The OPSO was a bottleneck in the command team when completing INSO, experiencing 41 

similar load in both scenarios. Suggesting the command team may benefit from data synthesis tasks being 42 

more evenly distributed within the command team. 43 

Application: The work can inform future control room design and command team ways of working by 44 

identifying bottlenecks in terms of information and task flow between operators.  45 

Key words: Submarine, Team Work, Communications, Networks 46 

Précis: The current work examines submarine command team performance during the completion of 47 

Inshore Operations from a sociotechnical perspective. The recruitment of multiple command teams has 48 

afforded statistical investigation of performance, providing empirical evidence for understanding the 49 

functionality of submarine control rooms.  50 
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Introduction 51 

Submarine Command and Control: Inshore Operations 52 

Submarine command teams exhibit a high state of maturity in terms of functionality and capability, 53 

but this does not mean that improvements cannot be made (Stanton, 2014; Stanton, & Bessell, 54 

2014). To operate effectively, a submarine command team is required to integrate data from a 55 

range of sensors, requiring the interaction of numerous command team members (Dominguez, 56 

Long, Miller, & Wiggins, 2006; Huf, Arulampalam, Masell, Tynan, Brown, Manning, 2004). In 57 

recent years, the focus of submarine operations has changed, submarines are increasingly required 58 

to operate in costal littoral zones instead of the deep ocean. The missions range from 59 

reconnaissance, to costal protection and scientific research (Duryea, Lindstrom, & Sayegh, 2008; 60 

Bateman, 2011; Stone, Caird-Daley, & Bessell, 2009). A change in submarine operations (e.g. 61 

increased costal deployment) is likely to have an effect on the control room teamwork. 62 

Understanding how instruments, sensors and interfaces facilitate the generation of a tactical picture 63 

during ‘typical’ deep sea operations is a challenge due to the complexity of sociotechnical systems 64 

(Loft, Bowden, Braithwaite, Morrell, Huf, & Durso, 2015; Loft, Sadler, Braithwaite, & Huf, 2015; 65 

Huf, Arulampalam, Masell, Tynan, Brown, Manning, 2004; Stanton, & Bessell, 2014). An even 66 

greater challenge is understanding how the functionality of a submarine control room changes due 67 

to different operational demands, as inshore operations (INSO) have, to the authors knowledge, 68 

not been investigated previously.    69 

Operating in coastal waters presents a number of challenges, most notably the waters are shallow, 70 

creating a complex underwater environment with poor sound propagation which reduce sonar 71 

detection capabilities (Glosny, 2004). Coastal regions, particularly those that are populated, 72 

typically have cargo vessels, fishing vessels and pleasure crafts operating, which increase 73 
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complexity for the control room team (Holt, Noren, Veirs, Emmons, & Veirs, 2009). The demand 74 

placed on the command team will differ depending on the volume of contacts in the area of 75 

operation. A priority for submarine command teams is to complete missions effectively whilst 76 

maximizing the safety of their own submarine and the safety of surrounding vessels (Jones, Steed, 77 

Diedrich, Armbruster, & Jackson, 2011). The manner in which safety is maximized is likely to be 78 

different for INSO compared to deep ocean regions and potentially when comparing higher and 79 

lower demand INSO. Successful decision making relies upon effective communication and 80 

teamwork, such processes can be the determining factor in terms of team workload rather than the 81 

work itself (Salas, Cooke, & Rosen, 2008; Stanton, 2011, Salas, Burke, & Samman, 2001; Carletta, 82 

Anderson, & McEwan, 2000). The manner in which a team is configured and how technology 83 

supports communication can influence their performance (Stanton, Rothrock, Harvey & Sorensen, 84 

2015; Espevik, Johnsen, Eid, & Thayer, 2006). 85 

Operating in areas with high volumes of contacts results in two main problems. Firstly, the sound 86 

propagation resulting from multiple contacts (potentially at similar bearings) makes detection, 87 

classification and ranging of vessels using passive sonar a challenge (Ogden, Zurk, Jones, & 88 

Peterson, 2011; Zarnich, 1999; Glosny, 2004). For example, biological contacts (e.g. a whale) have 89 

been demonstrated to increase their call amplitude in coastal areas where vessels are plentiful 90 

(Holt, Noren, Veirs, Emmons, & Veirs, 2009). Secondly, when navigating inshore, submarines 91 

typically operate at periscope depth. However, the periscope cannot constantly be raised, as the 92 

submarine needs to remain undetected (Bateman, 2011). This increases the potential for collisions 93 

with surface vessels, particularly as non-military vessels do not have the equipment or expertise to 94 

be aware of submarines operating in the area (Duryea, Lindstrom, & Sayegh, 2008; Champagne, 95 

Carl, & Hill, 2003). The requirement to avoid detection places the responsibility of avoiding 96 
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collision on submarine command teams rather than surrounding vessels (Drumheller, & Benoit, 97 

2004). Previous work has investigated submarine command team performance for the task of 98 

Returning to Periscope Depth (RTPD) (Stanton, 2014; Stanton, & Bessell, 2014). Such work 99 

highlighted a reliance on the use of passive sonar to generate a tactical picture and an understanding 100 

of where and when a safe RTPD could be accomplished (i.e. avoiding surface vessels), before 101 

periscope could be raised. This work did not examine how a command team completes INSO, 102 

where there is less reliance on passive sonar. Whilst the use of the periscope may facilitate safer 103 

operation, the requirement to remain undetected limits the time the periscope can be used (Zarnich, 104 

1999; Glosny, 2004). Whilst other work has approached submarine command team performance 105 

from a sociotechnical perspective (e.g. Hunter, Hazen, & Randall, 2014), it has not examined 106 

INSO. A further limitation of previous studies is that only one command team was examined.  107 

Whilst developing improved sonar sensor capabilities for the completion of inshore operations is 108 

continuing (e.g. Zarnich, 1999; Ogden, Zurk, Jones, & Peterson, 2011), to the authors knowledge 109 

an evaluation of submarine control room functionality from a sociotechnical perspective has not 110 

been completed. Therefore the purpose of this research was to gain an understanding of the control 111 

room teamwork for INSO. A further aim was to compare lower and higher demand, to understand 112 

the effects of civilian vessels operating in the local area. 113 

Method 114 

Participants 115 

 116 

Participation in the study was voluntary. Participants were recruited opportunistically using posters 117 

and by directly contacting local groups with a maritime or military interest. A total of 10 teams of 118 

8 individuals were recruited (80 participants in total). A total of 71 males and 9 females 119 
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participated with an age range of 18-55 (Mean= 26.83, SD= 8.69) from a variety of backgrounds 120 

primarily including undergraduate students and graduate recruits from defence companies and 121 

organisations. One team were submariners from the British Royal Navy. The study protocol 122 

received ethical approval from the University of Southampton Research Ethics Committee 123 

(Protocol No: 10099) and MoDREC (Protocol No: 551/MODREC/14). 124 

 125 

Equipment - The Submarine control room simulator 126 

A submarine control room simulator was built to be representative of a currently operational Royal 127 

Navy (RN) submarine (for full description see Roberts et al., 2015). The control room had 9 128 

networked workstations (see figure 1) including an Officer of the Watch station (OOW), an 129 

Operations Officer station (OpsO), a Sonar Controller station (SC), two Target Motion Analysis 130 

stations (TMA), two Sonar Operator stations (SOP), a Ship Control station (SHC) and a Periscope 131 

station (PERI). The simulator engine used was Dangerous Waters (DW), a software package 132 

developed by Sonalysts, which featured networked workstations for each of the roles. Two INSO 133 

scenarios were designed with Subject Matter Expert (SME) input and programmed in DW (see 134 

table 1). The movements of contacts was predetermined to be consistent across all teams and each 135 

scenario lasted approximately 45 minutes. The simulator was equipped with a comprehensive 136 

recording suite (e.g. web cameras and ambient microphones) which allowed the recording of all 137 

communications that occurred between operatives.   138 
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 139 

Figure 1. The ComTET submarine control room simulator, with sound room on the left hand side 140 

and picture room on the right 141 

 142 

Design 143 

The study employed a 2 x 8 mixed design. The independent variables were scenario demand 144 

(within subjects) and operator role (between subjects). Scenario demand was manipulated by the 145 

number of contacts detectable in the scenario and their behaviour (see table 1). The dependant 146 

variables included all communications that took place between operators within the command 147 

team and tasks completed. 148 

 149 
Table 1. Description of scenarios designed 150 

 151 
Name Demand No. 

Contacts 

Description 

Inshore 

Operation 

(INSO) 

Low 3 – 

Merchant 

1 – Yacht 

1 - Freighter 

Safely navigate vessel inshore to gather intelligence on land based 

target. Scenario complete once close enough inshore to adequately 

photograph building. 

High 2 - Merchant 

1 - 

Powerboat 

5 - Fishing 

Identify and track ‘suspect’ contact inshore to gather intelligence on 

activity and building operating from. 

 152 

 153 

 154 
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Procedure 155 

 156 

Participants attended the submarine simulator for two full days (8am – 5pm). On the first day 157 

informed consent was attained and a simulator induction was completed, before team roles were 158 

randomly assigned. The morning of the first day (training) was spent watching a set of general 159 

submarine control room operation tutorials, whilst the afternoon was spent watching workstation 160 

specific tutorials and practicing tasks both individually and as a functional command team (see 161 

table 2 for a full description of tutorials). Each tutorial lasted approximately 45 minutes with 162 

regular breaks and refreshments provided between tutorials. Participants were encouraged to ask 163 

questions about their tasks and operation of their workstations as well as the communications 164 

protocol.  165 

On the second day (testing) participants started with a refresher training scenario as a functional 166 

command team. Performance was assessed by experimenters to check that all tasks were being 167 

completed correctly in line with set criteria provided by SMEs (e.g. adequately detecting 168 

surrounding vessels, gaining solutions concerning surrounding vessels and steering the submarine 169 

safely to relevant courses and depths). After which the first scenario was begun – all recording 170 

devices were started and a verbal time stamp was read aloud for synchronization purposes. Each 171 

scenario started with an OOW briefing outlining the mission objectives (see table 1). To reduce 172 

order effects scenario presentation was counterbalanced across the 10 teams. Each team completed 173 

both scenarios, occupying the same positions in the command team. Once the mission objective 174 

had been achieved the end of the scenario was called and participants were provided with a short 175 

break before the start of the next scenario. At the end of the final scenario participants were 176 

provided with a full debrief and thanked for participating. 177 
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 178 

Table 2. Description of tutorial training package 179 

Tutorial Description Purpose 

Submarine 

Command 

Introduction to the submarine simulator, the 

operator roles, the different sensors on board a 

submarine and the command structure within a 

submarine command team. 

Develop basic understanding of what a submarine 

command team does, what type of data is received, 

what the operator roles are. 

Introduction to 

bearing, speed, 

course and 

range 

Describing the basics of bearing, speed range 

and course in relation to own submarine and to 

contacts that might be surrounding the 

submarine. Describing passive sonar and how 

information concerning speed can be derived 

from analysis of sound. 

Develop an understanding that using passive sonar to 

create a tactical picture requires the interpretation of 

ambiguous information. Understanding that the only 

definite information is the bearing at which contacts 

are heard and that acoustic signature processing can 

provide ‘estimates’ of speed. 

Military 

communication 

protocol 

Detailing how military personnel are required 

to communicate with each other. A particular 

focus on clarity, conciseness and not 

interrupting communication flows. The 

structure of the command team was also 

outlined.  

It was important to examine command team 

functionality with a level of fidelity that was 

comparable to operational procedures. The 

communication protocol in the military is clearly 

defined, it was important for operators to pass 

information in a manner comparable to operational 

teams 

Anagram 

communication 

game 

(3 game trials) 

This required participants to solve anagrams 

(analogous to processing data), then pass the 

words around the command team in a 

structured fashion (using standard verbal 

protocol) and then linking up the words to 

create a sentence (analogous to creation of a 

tactical picture). 

This brought together the morning training session. It 

allowed participants to understand that they may all be 

completing different tasks and contributing different 

pieces of information to facilitate the generation of an 

overall tactical picture. It allowed participants to 

practice operating as a command team without the 

complexities of the domain. 

Workstation 

tutorial (Sonar, 

TMA, 

Periscope and 

SHC) 

A complete description of all workstation 

interfaces. What the fundamental task 

requirements of each operator in the command 

team are and how they should interact with the 

interfaces to complete their specific duties 

within the command team. 

To develop an understanding of the particular tasks 

completed by each individual within the command 

team. This tutorial was completed very much at the 

level of the individual with a focus on manipulating 

the interface for procedural task completion. Examples 

include how to spot a contact on sonar, how to listen 

to a contact, how to designate a tack ID on sonar. 

Practice 

workstation 

free play 

Workstation specific training scenarios were 

developed to encapsulate all tasks participants 

would encounter. Participants completed 

scenarios individually, with the rest of the 

command team ‘auto crewed’. Experimenters 

answered any questions and guided 

participants through the completion of tasks 

they were unsure of. 

Participants could speed up time. This allowed 

participants to work at their own pace. The purpose of 

this part of the training was to allow participants to 

complete all of the task that they would be expected to 

complete in the command team, without command 

team pressures. Participants could restart scenarios 

multiple times and speed up time, allowing a focus on 

the tasks and procedures they felt needed the most 

attention.  

Command 

team tutorial 

A detailed description of how the tasks 

completed by each individual operator (and the 

information derived) should be shared across 

the command team to facilitate the generation 

of a complete tactical picture.  

This part of the tutorial brings together the 

communication game, which taught participants the 

command structure and communication protocol. 

Instead of using anagrams as data, participants were 

now made aware of the tasks and data they were 

responsible for and which members of the command 

team need this information to generate a tactical 

picture. 

Practice INSO 

scenario 

completion 

Participants completed shortened versions of 

the 2 scenarios (INSO) that they would be 

expected to completed during testing. The 

scenarios were completed at least twice. 

Participants were given guidance from the 

experimenters concerning how the tasks 

completed at individual workstations feed in to 

the global aims of the command team. 

At this point participants were accomplished at 

completing the procedures and tasks at their own 

workstations. The final training session pulled 

together everything that had been learnt throughout 

the day. This included completing tasks at their 

workstation, passing relevant output (data) to 

members of the command team.  
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Analysis of data 180 

A new shortened version of Event Analysis for Systemic Teamwork (EAST: Stanton, Barber & 181 

Harris, 2008) was used to analyse the data. This method has been presented in a previous study to 182 

model submarine command and control (Stanton, 2014). The framework has also been applied in 183 

other domains such as emergency services (Houghton, Baber, McMaster, Stanton, Salmon, 184 

Stewart, & Walker, 2006) and aviation (Stewart, Stanton, Harris, Baber, Salmon, Mock, & Kay, 185 

2008; Stanton & Harvey, 2016). EAST examines complex sociotechnical systems using a network 186 

approach. The raw data from video and microphone recordings was used to generate three 187 

networks. Firstly, the social networks analyse communications taking place between ‘agents’ in 188 

the system. Secondly, information networks describe the information ‘pieces’ that different agents 189 

in the system use and communicate during task performance. Thirdly, task networks describe the 190 

relationships between tasks, their sequence and interdependences. These networks were processed 191 

using AGNA software (version 2.1.1 – a software program for computing the Social Network 192 

metrics). AGNA was also used to compute whole network metrics (e.g. density, diameter and 193 

cohesion) and nodal metrics (e.g. sociometric status and centrality of each node). A detailed 194 

description of all is provided in previous work (See Stanton, 2014). To examine the effect of 195 

scenario demand and operator role, network and nodal metrics were computed by completion of 2 196 

x 8 mixed analyses of variances (ANOVAs). 2 x 14 repeated measures ANOVAs were conducted 197 

to examine the effect of scenario demand and information type on information node metrics. To 198 

examine differences in the frequency of task completion between scenarios of high and low 199 

demand 2 x 12 repeated measures ANOVAs were conducted. All significant main effects were 200 

examined by conducting post hoc pairwise comparisons. To account for multiple comparisons the 201 



 Submarine command and control, INSO  

 

11 
 

Bonferroni correction method was used. All statistical analysis was conducted using IBM SPSS 202 

v21. 203 

Results 204 

Social Network Analysis 205 

The average frequency of communications between operators in the command team varied 206 

depending on command team role and scenario demand (see figure 2). OPSO and SOC had the 207 

largest volume of emissions and receptions of all operators. The overall composition of both 208 

networks is similar, however the volume of interactions between operators appears to increase 209 

during the high demand INSO scenario. 210 
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 211 

Figure 2. Social network diagrams for low and high demand INSO scenarios 212 

Whole Network Metrics 213 

A non-significant trend was observed (t9 = -1.90, p = .09, d = 0.60) for an increase in the total 214 

number of emissions and receptions in the high demand INSO condition. No other statistically 215 

significant effects were observed, indicating the structure of the network remained relatively 216 

consistent in both higher and lower demand conditions (see table 3). 217 

 218 
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Table 3. Social network Metrics for entire network INSO 219 

 220 

 221 
 222 
 223 
 224 
 225 

 226 
 227 
 228 
 229 

 230 

Nodal Metrics 231 

Emissions 232 

The total emissions of each node were significantly affected by scenario demand (F1, 81 = 6.55, p 233 

< .05, ήp
2 = .07) and operator role (F8, 81 = 36.14, p < .01, ήp

2 = .78). The interaction of scenario 234 

demand and role also statistically significantly affected total node emissions (F8, 81 = 4.23, p < .01, 235 

ήp
2 = .80). When examining the effect of scenario demand, post hoc analysis revealed emissions 236 

were statistically significantly higher (p<.05) in the high demand INSO condition than the low 237 

demand condition for OOW, OPSO, SOC and SOP1 (see table 4 and figure 2). When examining 238 

the effect of operator role post hoc analysis revealed that OPSO had statistically significantly 239 

(p<.05) more emissions than all operators. OOW, PERI and SOC had statistically significantly 240 

(p<.05) more emissions than all operators (except OPSO).  241 

 242 

 INSO Effect of 

Demand (t 

Value) 

 Low High  

Nodes 9 9 NA 

Edges 31.30 ± 4.79 33.70 ± 3.37 1.23 

Density 0.43 ± 0.07 0.47 ± 0.03 1.28 

Cohesion 0.31 ± 0.07 0.33 ± 0.03 0.63 

Diameter 3 ± 0.00 2.9 ± 0.32 1.00 

Total 

Interactions 

715.60 ± 
118.04 

800.70 ± 
137.91 

1.90t 
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Table 4. Social network metrics for individual nodes INSO low and high demand scenario 

 

 

 

 

  Emission Reception Sociometric  Centrality Betweeness 

 N Low High Low High Low High Low High Low High 

OOW 10 112.9 ±  
31.6 

133 ±  
32.08 

102.6 ±  
21.68 

125.7 ±  
27.25 

26.94 ±  
6.13 

32.34 ±  
6.36 

5.86 ±  
0.37 

5.94 ±  
0.49 

12.92 ±  
5.43 

14.75 ±  
5.63 

OPSO 10 172.2 ±  
24.43 

192.8 ±  
26.64 

176.3 ±  
18.73 

195.7 ±  
32.11 

43.57 ±  
5.03 

48.56 ±  
7.23 

5.79 ±  
0.37 

5.66 ±  
0.23 

18.15 ±  
5.85 

16.7 ±  
3.76 

SOC 10 88.2 ±  
37.98 

151.8 ±  
38.91 

93.6 ±  
24.92 

153.1 ±  
40.43 

22.73 ±  
7.75 

38.11 ±  
9.49 

5.29 ±  
0.77 

5.57 ±  
0.35 

11.98 ±  
7.04 

15 ±  
4.85 

SOP1 10 37.9 ±  
7.96 

54.1 ±  
19.6 

55.3 ±  
24.67 

66.2 ±  
23.87 

11.65 ±  
3.52 

15.04 ±  
5.29 

3.91 ±  
0.12 

3.99 ±  
0.13 

1.5 ±  
4.74 

0.07 ±  
0.21 

SOP2 10 61.2 ±  
67.42 

49.5 ±  
22.23 

70.6 ±  
62.11 

60.2 ±  
24.24 

16.48 ±  
16.15 

13.72 ±  
5.6 

4.19 ±  
0.71 

3.9 ±  
0.16 

5.1 ±  
8.72 

0 ±  0 

TMA1 10 50.5 ±  
21.38 

44.5 ±  
12.64 

62 ±  
19.34 

54.9 ±  
14.89 

14.07 ±  
4.97 

12.43 ±  
3.31 

3.93 ±  
0.08 

3.83 ±  
0.12 

1.8 ±  
5.69 

0 ±  0 

TMA2 10 53 ±  
31.19 

49.7 ±  
15.53 

62.7 ±  
27.65 

59.4 ±  
19.83 

14.47 ±  
7.25 

13.64 ±  
4.25 

4.02 ±  
0.26 

4.05 ±  
0.41 

2 ±  
5.66 

0.17 ±  
0.53 

PERI 10 104.6 ±  
50.79 

105.3 ±  
46.21 

54.9 ±  
28.25 

63.9 ±  
19.86 

19.94 ±  
9.42 

21.15 ±  
8.04 

4.95 ±  
0.57 

5.21 ±  
0.45 

3.65 ±  
2.8 

3.62 ±  
3.39 

SHC 10 35.1 ±  
21.29 

24 ±  
9.84 

37.6 ±  
18.48 

25.6 ±  
4.81 

9.09 ±  
4.66 

6.2 ±  
1.48 

4.03 ±   
0.6 

3.82 ±  
0.2 

1.8 ±  
4.73 

0 ±  0 

Effect of 

Demand 

(f Value) 

 6.55* 8.56** 7.95** 0.01 1.88 

Effect of 

Role 

(f Value) 

 36.14*** 44.96*** 43.25*** 82.76*** 43.69*** 

Demand

*Role 

(f Value) 

 4.23*** 4.95*** 4.84*** 1.22 1.26 
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Receptions 

The total receptions of each node were significantly affected by scenario demand (F1, 81 = 8.56, p 

< .05, ήp
2 = .10) and operator role (F8, 81 = 44.97, p < .01, ήp

2 = .82). The interaction of scenario 

demand and role also statistically significantly affected total node receptions (F8, 81 = 4.95, p < .01, 

ήp
2 = .33). When examining the effect of scenario demand, post hoc analysis revealed receptions 

were statistically significantly higher (p<.05) in the higher demand INSO condition than the low 

demand condition for OOW, OPSO and SOC (see table 4 and figure 2). When examining the effect 

of operator role post hoc analysis revealed that OPSO had statistically significantly (p<.05) more 

emissions than all operators. SOC and OOW had statistically significantly (p<.05) more receptions 

than all other operators (except OPSO).  

Socio-Metric Status 

The socio-metric status of each node was significantly affected by scenario demand (F1, 81 = 7.95, 

p < .05, ήp
2 = .09) and operator role (F8, 81 = 43.23, p < .01, ήp

2 = .81). The interaction of scenario 

demand and role also statistically significantly affected total node receptions (F8, 81 = 4.84, p < .01, 

ήp
2 = .32). When examining the effect of scenario demand, post hoc analysis revealed that socio-

metric status was statistically significantly higher (p<.05) in the higher demand INSO condition 

than the low demand condition for OOW, OPSO, SOC and SOP1. When examining the effect of 

operator role post hoc analysis revealed that OPSO had statistically significantly higher socio-

metric status than all operators (p<.05). OOW and SOC but had statistically significantly (p<.05) 

higher socio-metric status than all operators (except OPSO).  
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Centrality 

The centrality of each node was not statistically significantly affected by scenario demand (F1, 81 = 

0.01, p > .05) or the interaction between scenario demand and role (F8, 81 = 1.22, p > .05) but was 

significantly affected by operator role (F8, 81 = 82.76, p < .01, ήp
2 = .89). When examining the effect 

of operator role post hoc analysis revealed that OOW had statistically significantly (p<.05) higher 

centrality than all operators (except OPSO). OPSO had statistically significantly greater centrality 

than all operators (except OOW and SOC). SOC and PERI had statistically significantly (p<.05) 

higher centrality than all other operators. 

Betweenness 

The betweeness of each node was not statistically significantly affected by scenario demand (F1, 81 

= 1.87, p > .05) or the interaction between scenario demand and role (F8, 81 = 1.26, p > .05) but was 

significantly affected by operator role (F8, 81 = 43.69, p < .01, ήp
2 = .81). When examining the effect 

of operator role post hoc analysis revealed OOW, OPSO and SOC had statistically significantly 

(p<.05) higher betweenness than all operators.  
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Information Network Analysis 

The structure of the information networks is relatively consistent in both low and high demand 

INSO scenarios with ‘contact’, ‘bearing’, ‘periscope’ and ‘solution’ the most connected 

information pieces (see figure 3). The volume of emissions from most information pieces increased 

in the high demand INSO scenario although differences in relationships can be observed.    
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Figure 3. Information network diagrams for low and high demand INSO scenarios 

Whole Network Metrics 

The total number of edges was statistically significantly (t9 = 2.76, p < .05, d = 0.48) higher in the 

high demand condition. Total emissions (t9 = 3.01, p < .05, d = 0.80) were statistically 

significantly higher in the high demand condition (see table 5). This indicates that the volume of 

information passed between operators and connectivity between information was greater in the 

high demand INSO scenario. 
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Table 5. Information network Metrics for entire network INSO 

 

 

 

 

 

 

 

 

 

 

 

Nodal Metrics 

Emissions 

The total emissions of each node were statistically significantly affected by scenario demand (F1, 

126 = 52.45, p < .01, ήp
2 = .29) and concept type (F13, 126 = 8.68, p < .01, ήp

2 = .47). A statistically 

significant interaction (F13, 126 = 1.90, p < .05, ήp
2 = .16) between scenario demand and scenario 

type was also observed. Post hoc analysis revealed emissions were statistically significantly higher 

(p<.05) in the high demand INSO condition than the low demand condition. Post hoc analysis 

revealed that the total emissions of bearing was statistically significantly (p<.05) higher than look, 

merge, priority, sonar, sweep, depth and visual. Course had statistically significantly more 

emissions (p<.05) than merge, priority and depth. Periscope had statistically significantly (p<.05) 

more emissions than look, merge, priority, sonar, sweep, depth and visual. Speed had statistically 

significantly (p<.05) more emissions than all concepts except bearing, course, periscope and range 

(see table 6 and figure 3). 

 

 

 INSO Effect of 

Demand (t 

Value) 

 Low High  

Nodes 45.90 ± 5.70 48.80 ± 4.68 1.60 

Edges 738.20 ± 
313.34 

932.40 ± 
414.33 

2.67* 

Density 0.56 ± 0.24 0.62 ± 0.22 1.56 

Cohesion 0.38 ± 0.11 0.43 ± 0.15 1.73 

Diameter 2.90 ± 0.57 3.0 ± 0.67 0.55 

Total Emissions 2322.40 ± 
1154.49 

4256.40 ± 
2212.99 

3.01* 
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Table 6. Information network metrics for individual nodes INSO low and high demand scenario 

 

 

 

 

 

 Emission Reception Sociometric  Centrality Betweeness 

 Low High Low High Low High Low High Low High 

Bearing 199.40 ± 
98.86 

345.00 ± 
174.77 

199.40 ± 
98.86 

345.00 ± 
174.77 

9.02 ± 
4.42 

14.61 ± 
7.67 

30.09 ± 
3.52 

32.98 ± 
4.33 

144.07 ± 
94.51 

152.45 ± 
101.97 

Contact 168.20 ± 
172.89 

164.30 ± 
86.86 

168.20 ± 
172.89 

164.30 ± 
86.86 

7.64 ± 
7.80 

6.94 ± 
3.84 

30.11 ± 
4.15 

31.39 ± 
4.67 

158.40 ± 
92.92 

128.26 ± 
112.22 

Course 145.20 ± 
54.42 

227.17 ± 
77.44 

145.20 ± 
54.42 

227.17 ± 
77.44 

6.64 ± 
2.60 

9.47 ± 
3.80 

27.72 ± 
4.61 

29.85 ± 
4.57 

80.08 ± 
59.68 

65.53 ± 
55.17 

Look 72.90 ± 
36.67 

115.82 ± 
83.40 

72.90 ± 
36.67 

115.82 ± 
83.40 

3.30 ± 
1.70 

4.91 ± 
3.62 

25.96 ± 
4.42 

28.71 ± 
3.97 

50.59 ± 
45.44 

63.37 ± 
74.71 

Merge 42.65 ± 
33.52 

79.60 ± 
74.43 

42.65 ± 
33.52 

79.60 ± 
74.43 

1.95 ± 
1.53 

3.42 ± 
3.36 

23.46 ± 
3.83 

25.18 ± 
4.84 

18.01 ± 
17.14 

41.27 ± 
62.06 

Periscope 169.91 ± 
170.74 

268.20 ± 
199.97 

169.91 ± 
170.74 

268.20 ± 
199.97 

7.71 ± 
7.78 

11.33 ± 
8.92 

28.52 ± 
4.92 

31.60 ± 
4.74 

88.74 ± 
54.60 

119.40 ± 
66.94 

Priority 34.12 ± 
41.89 

88.30 ± 
87.44 

34.12 ± 
41.89 

88.30 ± 
87.44 

1.56 ± 
1.82 

3.79 ± 
4.08 

23.14 ± 
4.11 

25.39 ± 
5.78 

20.42 ± 
45.12 

32.36 ± 
65.46 

Solution 97.16 ± 
49.12 

194.20 ± 
88.86 

97.16 ± 
49.12 

194.20 ± 
88.86 

4.45 ± 
2.48 

8.34 ± 
4.31 

25.46 ± 
4.23 

29.84 ± 
4.18 

36.50 ± 
22.67 

69.76 ± 
61.68 

Sonar 72.50 ± 
98.26 

118.80 ± 
143.53 

72.50 ± 
98.26 

118.80 ± 
143.53 

3.27 ± 
4.47 

5.15 ± 
6.50 

25.14 ± 
5.42 

27.05 ± 
3.49 

39.99 ± 
43.62 

40.27 ± 
51.52 

Speed 194.70 ± 
59.60 

369.60 ± 
144.32 

194.70 ± 
59.60 

369.60 ± 
144.32 

8.88 ± 
2.90 

15.64 ± 
6.57 

29.20 ± 
4.45 

32.91 ± 
4.87 

120.69 ± 
66.04 

115.74 ± 
79.44 

Sweep 49.60 ± 

27.76 
100.32 ± 
85.92 

49.60 ± 

27.76 

100.32 ± 

85.92 

2.29 ± 

1.34 

4.22 ± 

3.82 

24.26 ± 

2.71 

26.43 ± 

3.35 

19.52 ± 

9.03 

29.14 ± 

25.03 

Depth 40.17 ± 

44.85 
81.04 ± 
79.59 

40.17 ± 

44.85 

81.04 ± 

79.59 

1.86 ± 

1.93 

3.35 ± 

3.18 

22.11 ± 

5.06 

25.46 ± 

5.90 

16.12 ± 

37.11 

25.36 ± 

28.98 

Range 133.03 ± 

75.26 
215.34 ± 
93.48 

133.03 ± 

75.26 

215.34 ± 

93.48 

6.00 ± 

3.45 

9.01 ± 

4.06 

26.91 ± 

3.58 

29.82 ± 

4.16 

51.79 ± 

32.89 

60.56 ± 

39.95 

Visual 74.40 ± 

49.67 
87.80 ± 
64.78 

74.40 ± 

49.67 

87.80 ± 

64.78 

3.45 ± 

2.27 

3.77 ± 

3.03 

25.51 ± 

3.00 

27.98 ± 

3.62 

41.52 ± 

40.00 

43.05 ± 

19.44 

Effect of Demand 

(f Value) 

52.45*** 52.45*** 38.69*** 45.07*** 1.78 

Effect of Concept 

(f Value) 

8.68*** 8.68*** 7.73*** 5.07*** 7.57*** 

Demand*Concept 

(f Value) 

1.90* 1.90* 1.61t .31 .70 
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Receptions 

The total receptions of each node were statistically significantly affected by scenario demand (F1, 

126 = 52.45, p < .01, ήp
2 = .29) and concept type (F13, 126 = 8.68, p < .01, ήp

2 = .47). A statistically 

significant interaction (F13, 126 = 1.90, p < .05, ήp
2 = .16) between scenario demand and scenario 

type was also observed. Post hoc analysis revealed receptions were statistically significantly higher 

(p<.05) in the high demand INSO condition than the low demand condition. Post hoc analysis 

revealed that the total receptions of bearing was statistically significantly (p<.05) higher than look, 

merge, priority, solution, sonar, sweep, depth and visual. Course had statistically significantly more 

receptions (p<.05) than merge, priority and depth. Periscope had statistically significantly (p<.05) 

more receptions than look, merge, priority, sonar, sweep, depth and visual. Speed had statistically 

significantly (p<.05) more receptions than all concepts except bearing, course, periscope and range 

(see table 6 and figure 3). 

Socio metric status 

The socio metric status of each node was statistically significantly affected by scenario demand 

(F1, 126 = 38.69, p < .01, ήp
2 = .24) and concept type (F13, 126 = 7.73, p < .01, ήp

2 = .44). No 

statistically significant interaction between scenario demand and scenario type was observed, 

although a non-significant trend was observed (F13, 126 = 1.61, p = .09). Post hoc analysis revealed 

socio metric status was statistically significantly higher (p<.05) in the high demand INSO condition 

than the low demand condition. Post hoc analysis revealed that bearing had statistically 

significantly (p<.05) higher socio metric status than all information pieces except contact, course, 

periscope, speed and range. Course had statistically significantly (p<.05) higher socio metric status 

than merge, priority and depth. Periscope had statistically significantly (p<.05) higher socio metric 

status than look, merge, priority, sonar, sweep, depth and visual. Speed had statistically 



 Submarine command and control, INSO  

 

22 
 

significantly (p<.05) higher socio metric status than look, merge, priority, solution, sonar, sweep, 

depth and visual.     

Centrality 

The centrality of each node was statistically significantly affected by scenario demand (F1, 126 = 

45.07, p < .01, ήp
2 = .26) and concept type (F13, 126 = 5.02, p < .01, ήp

2 = .34). Post hoc analysis 

revealed centrality were statistically significantly higher (p<.05) in the high demand INSO 

condition than the low demand condition. Post hoc analysis revealed that bearing had statistically 

significantly (p<.05) higher centrality than merge, priority, sonar, sweep and depth. Contact had 

statistically significantly (p<.05) higher centrality than merge, priority, sweep and depth. Periscope 

had statistically significantly higher (p<.05) centrality than merge, priority and depth. Speed had 

statistically significantly (p<.05) higher centrality than merge, priority, sonar, sweep and depth. 

Betweeness 

The betweeness of each node was statistically significantly affected by concept type (F13, 126 = 7.92, 

p < .01, ήp
2 = .45). Post hoc analysis revealed that bearing and contact had statistically significantly 

(p<.05) higher betweeness than all concepts except periscope and speed. Periscope had statistically 

significantly (p<.05) higher betweeness than merge, priority, sonar, sweep and depth.  

Task network analysis 

 

The type of tasks completed by the command team (same for high and low demand scenarios) 

centre around developing a tactical picture, to facilitate safe navigation inshore. The command 

team are required to complete tasks that utilise visual information and sonar information to best 

maximise submarine safety and covertness (see figure 4).  
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Fig. 4. Task network diagrams for INSO low and high demand scenarios 

 

The tasks with the highest sociometric status were ‘raise periscope’, ‘perform 2nd sweep’ and ‘build 

visual picture’ (see table 7). Periscope was the primary instrument being used to safely navigate 

the submarine inshore. The periscope was also used to gather the relevant intelligence inshore – 

which was the mission objective. The verification of tasks networks by SMEs provided the basis 

for the completion of task frequency analysis.  
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Table 7 – Task network metrics for individual nodes RTPD scenarios 

 

The frequency of task completion was statistically significantly affected by scenario demand (F1, 

189 = 11.06, p < .01, ήp
2 = .06) and task type (F20, 189 = 14.69, p < .01, ήp

2 = .61). A statistically 

significant interaction (F20, 189 = 3.67, p < .01, ήp
2 = .28) between scenario demand and task type 

was also observed (see table 8). Post hoc analysis revealed the frequency of task completion was 

statistically significantly higher (p<.05) in the high demand condition than the low demand 

 Emission Reception Sociometric Centrality Betweeness 

OOW brief 3 0 0.10 31.34 0.00 

Raise Periscope  2 5 0.23 17.63 318.60 

1st Sweep 1 1 0.06 16.59 125.60 

Detect Close Visual  3 1 0.13 16.52 124.60 

First Reports 1 2 0.10 13.84 110.80 

2nd Sweep 3 3 0.19 15.34 206.20 

Build Inshore Picture 1 2 0.10 22.64 11.43 

Designate Visual  2 1 0.10 12.69 81.60 

ESM check 1 1 0.06 16.59 164.00 

Submarine safe 3 1 0.13 16.52 163.00 

Raise WT mast 1 1 0.06 13.43 50.40 

Lower Periscope  2 2 0.13 14.38 67.40 

Surface 0 1 0.03 23.51 0.00 

Classify visual contacts 1 1 0.06 11.42 34.17 

Range/Course of visual  1 1 0.06 11.39 33.17 

Build visual picture 4 2 0.19 14.79 121.17 

Visual Solutions 2 0 0.06 24.28 0.00 

Dive 1 2 0.10 14.27 53.50 

Detect contacts sonar 2 3 0.16 18.71 223.30 

Close sonar contact 2 1 0.10 17.63 45.50 

Designate sonar contact 2 2 0.13 14.27 160.80 

Classify Sonar Contacts 2 1 0.10 13.19 87.70 

Speed estimates 1 1 0.06 12.02 0.00 

Identify sonar merges 1 2 0.10 13.14 85.70 

Check cuts  received 2 2 0.13 14.21 90.53 

Build Sonar Picture 2 1 0.10 13.10 84.70 

Generate Solutions 1 2 0.10 13.94 49.03 

Merge visual and sonar  1 2 0.10 14.21 75.03 

Confirm tactical picture 3 5 0.26 18.61 301.57 

Navigate/Steer vessel 0 3 0.10 32.45 0.00 

Refine solutions  1 2 0.10 22.78 7.50 

Complete Mission 2 0 0.06 27.78 0.00 
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condition. The tasks of periscope sweep, detect visual, range visual, detect sonar, speed sonar, 

refine solutions and changing own submarine parameters were completed statistically significantly 

(p<.05) more than all other tasks (see table 8). 

 

Table 8 – Frequency of task completion INSO scenarios 

 INSO  

 Low High 

Detect Sonar Contacts 4.6 ± 1.35 7.8 ± 3.01 

Designate Sonar Contacts 3.4 ± 1.58 5.4 ± 2.32 

Classify sonar contacts 3.1 ± 2.18 6.1 ± 2.02 

Sonar speed estimates 4.4 ± 3.44 7.1 ± 3.21 

Sonar course estimates 1.7 ± 2.36 3 ± 3.65 

Check cuts 1.3 ± 1.16 0.9 ± 1.29 

Sonar Merges 0.3 ± 0.67 1.4 ± 1.07 

Sonar Solution 2.8 ± 1.62 4.2 ± 2.25 

Refine Solutions 4.4 ± 1.96 5.5 ± 5.1 

Change Submarine parameters 7.3 ± 2.71 6.3 ± 0.95 

Raise Periscope 2.8 ± 0.92 2.8 ± 1.03 

Complete Sweep 4.3 ± 1.06 4.5 ± 1.35 

Detect visual contacts 5.1 ± 2.13 5.2 ± 1.87 

Designate visual contacts 4.7 ± 1.57 2.8 ± 1.62 

Classify visual contacts 3.8 ± 2.57 3.9 ± 2.02 

Range visual contacts 5.8 ± 1.69 4.6 ± 2.17 

Course estimates of visual 2.3 ± 1.49 3.3 ± 2.21 

Visual solutions 3.3 ± 1.64 1.5 ± 1.08 

Merge visual and sonar 1.2 ± 1.23 1.5 ± 0.97 

Clear stern arcs 0.1 ± 0.32 0.3 ± 0.48 

Final reports 0.1 ± 0.32 0.1 ± 0.32 

Effect of demand 11.06***  

Effect of task type 14.69***  

Demand*task 3.67***  

 

 

Discussion 

 

The current work provides a detailed description of how a submarine control room functions when 

completing INSO operations. The social, information and task networks demonstrate the 

complexities involved when completing submarine INSOs (Loft, Bowden, Braithwaite, Morrell, 

Huf, & Durso, 2015; Loft, Sadler, Braithwaite, & Huf, 2015; Stanton, & Bessell, 2014; Huf, 
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Arulampalam, Masell, Tynan, Brown, Manning, 2004). The current work offers support for 

previous work examining submarine operations from a sociotechnical perspective (Stanton, 2014). 

However there are differences in terms of the social, information and task networks, as the 

operational environment and mission requirements are different (Bateman, 2011). 

Demand 

The number of emissions and receptions between operators in the high demand INSO condition 

significantly increased, as did the information elements and the frequency of task completion. This 

indicates that a strategy undertaken by the command team to adapt to greater demand is increasing 

the volume of communications, passing more information, more frequently whilst completing a 

greater number of tasks. If the number of communications and volume of information passed 

between command teams members continue to increase with demand, this would have a negative 

impact upon performance (Salas, Cooke, & Rosen, 2008; Stanton, 2011, Salas, Burke, & Samman, 

2001; Carletta, Anderson, & McEwan, 2000). The fundamental perceptual capacities of humans 

mean that only a finite amount of information can be communicated (Baddeley, 2000). Moreover, 

the communication technologies (e.g. headsets and radio network) and interface designs may place 

physical limitations on the passage of critical information (e.g. one operator monopolising the 

network). This supports previous work that stated technological advancements (i.e. improved 

sensor capabilities) does not necessarily improve command team performance (Dominguez, et al., 

2006; Roberts, Stanton & Fay, 2015). Other media to support command team communication and 

sharing of information need to be explored (Stanton, Connelly, Prichard & van Vugt, 2002). 
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Social Network Analysis 

The operator with the highest number of emissions (apart from command – OOW, OPSO and SOC) 

was PERI. When completing INSO the waters are typically shallow increasing the potential for 

collisions with surface vessels (Glosny, 2004; Holt, Noren, Veirs, Emmons, & Veirs, 2009; Duryea, 

Lindstrom, & Sayegh, 2008). A key requirement of submarine operation is to maximise the safety 

of surrounding vessels (Jones, Steed, Diedrich, Armbruster, & Jackson, 2011). The optimal way 

for a submarine to stay safe in shallow, busy, waters is to use visual data from PERI, whilst 

periscope also supports key INSO mission objectives (Bateman, 2011). It is for such reasons that 

PERI also has the highest sociometric status of all operators (except command). OPSO has the 

largest number of emissions and receptions of all operators in the command team. OPSO is 

responsible for integrating information from numerous instruments (e.g. sonar and visual) to 

provide OOW with a tactical picture as when operating at shallower depth. It is critical that the 

periscope is not raised too frequently as a primary objective of submarines is remaining covert 

(Bateman, 2011). It is for this reason that the centrality and sociometric status of OPSO is high, as 

they are required to communicate with SOC regarding sonar data when periscope is lowered and 

with PERI for visual information when periscope is raised. 

The sociometric status and centrality of the SOPs and TMAs is relatively similar and much lower 

than command and PERI. The wash created when periscope is raised reduces sonar usefulness 

(Glosny, 2004). Therefore the SOPs communicate less as the availability of sonar is intermittent. 

The TMAs are still required to generate contacts solutions, however the information received from 

periscope is less ambiguous than passive sonar, facilitating the generation of solutions with less 

communication (Dominguez, Long, Miller, & Wiggins, 2006; Ogden, Zurk, Jones, & Peterson, 

2011; Holt, Noren, Veirs, Emmons, & Veirs, 2009). However, the betweeness of the SOPS and 
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TMAs is extremely low further indicating how the command team structure results in high 

communication load being placed on OPSO (Stanton, Rothrock, Harvey & Sorensen, 2015; 

Espevik, Johnsen, Eid, & Thayer, 2006).  

Information Network analysis 

The information elements with the highest sociometric status are ‘bearing’ and ‘speed’. When 

operating at shallower depths the potential for collisions is greatly increased (Duryea, Lindstrom, 

& Sayegh, 2008; Champagne, Carl, & Hill, 2003). Knowledge of surrounding vessel’s bearing and 

the speed at which they are traveling assists both safety and navigation inshore to complete mission 

objectives (Bateman, 2011). Information relating to the ‘range’ and ‘course’ of surrounding vessels 

also has high sociometric status, particularly during the high demand INSO scenarios. This 

information is also important for safety (e.g. to be aware that vessels are at a safe distance from the 

submarine), although ‘speed’ and ‘bearing’ may be more critical for predicting the future behaviour 

of vessels. This suggests that, during INSO, submarines function in a more reactive fashion, rather 

than during a RTPD where tasks might be completed procedurally (Stanton, 2014). During INSO, 

submarines may continually alter a navigational plan to reach a set point safely (e.g. to gather 

intelligence) through densely populated costal littoral zones (Duryea, Lindstrom, & Sayegh, 2008).  

The information element with the greatest betweeness is ‘contact’. When operating inshore, 

submarines must be aware of surrounding ‘contacts’ (Jones, Steed, Diedrich, Armbruster, & 

Jackson, 2011). Information such as ‘bearing’, ‘speed’ and ‘course’ all relate to knowledge of 

‘contacts’. ‘Periscope’ information has higher centrality and sociometric status than ‘sonar’ offing 

further support that periscope is the primary instrument used by the command team during INSO. 

However, the information ‘sonar’ and ‘visual’ have similar centrality and betweeness ratings 

suggesting that both information types are utilised by the command team but periscope is most 
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predominantly used for ensuring safety and mission objectives. This is a good example of how 

submarine command teams are required to integrate data from different sensors and with each other 

and with various technologies in the control room (Dominguez, Long, Miller, & Wiggins, 2006; 

Huf, Arulampalam, Masell, Tynan, Brown, Manning, 2004). 

Task Network Analysis 

The task that was completed most frequently was making changes to own submarine parameters, 

independent of demand. This offers further support for the fact that to operate safely a submarine 

must manoeuvre more frequently in a reactive manner to avoid surface vessels (Jones, Steed, 

Diedrich, Armbruster, & Jackson, 2011; Bateman, 2011; Duryea, Lindstrom, & Sayegh, 2008). 

Due to the potential shallow waters associated with coastal regions, the command team will need 

to be aware of, and alter depth, more frequently (Glosny, 2004). Detecting and ranging visual 

contacts are amongst the most frequently completed tasks. Knowing the range of surrounding 

vessels is critical for safe submarine operations. This information is likely to be more accurate than 

TMA solutions based upon sonar data, which is why it is the instrument most frequently used 

(Glosny, 2004; Ogden, Zurk, Jones, & Peterson, 2011; Zarnich, 1999). Task related to sonar data 

are typically completed with similar frequency to tasks using periscope. This suggests that the 

command team utilises both visual and sonar data, in a reciprocal manner, to ensure submarine 

safety and maintain covertness. It is important that periscope is not raised too frequently or for 

excessively long periods of time (Bateman, 2014; Zarnich, 1999).  

Conclusions 

Understanding how instruments, sensors and interfaces facilitate the generation of a tactical picture 

during submarine operations is a challenge due to the complexity of sociotechnical systems (Loft, 
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Bowden, Braithwaite, Morrell, Huf, & Durso, 2015; Huf, Arulampalam, Masell, Tynan, Brown, 

Manning, 2004; Stanton, & Bessell, 2014). The current work has provided empirical evidence for 

clear delineations between submarine command team operators in terms of social, information and 

task network analysis. During INSO information from periscope is critical as this is the sensor that 

primality facilitates safety and mission objectives. However, to remain operationally covert, visual 

data must be supported by passive sonar data as the periscope cannot be raised all of the time. In 

the current submarine control room sonar and periscope are completely separate both in terms of 

proximity and operation. Only OOW and OPSO have awareness of both information streams.  

Implications 

Future submarine control rooms may benefit from automating the collation of data from different 

sensors and instruments (e.g. visual vs. passive sonar), to supplement operator interpretation. An 

example of this may be that the bearing at which sonar detections are encountered could 

automatically be overlaid on a search periscope interface in the form of a ‘mash-display’. This also 

highlights an overreliance on OPSO and in particular the communication between OPSO and PERI 

and OPSO and SOC. OPSO is reaching maximum capacity in terms of the information that can 

reasonably be handled, resulting in task shedding during the higher demand INSO scenario (e.g. 

checking cuts). Future research should examine whether a change in command structure and 

control room layout may facilitate direct communication between operators who are routinely 

sharing information via OPSO (e.g. SOPs and TMAs). The current work provides a greater 

understanding of the functionality of current submarine control rooms during an INSO, whilst also 

providing a baseline from which to compare future ways of working.  
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Key points:  

 This study examined, from a sociotechnical perspective, submarine command team 

performance during the completion of high and low demand Inshore Operation (INSO) 

scenario.  

 

 Results indicate that the Operations Officer (OPSO) had statistically significantly (p<.05) 

more emissions and receptions than any operator in both the high and demand scenarios. 

This operator was revealed as a potential bottleneck in the network. 

 

 

 Statistically significant differences (p<.05) were observed in terms of the volume of 

information exchanged and task completed between higher and lower demand INSO 

scenarios. Although the type of information and task completed remained relatively 

consistent between higher and lower demand scenarios. 

 

 Future submarine control rooms may benefit from ‘mash-displays’ to facilitate operator 

integration of similar information from different sensors and instruments. The current 

work also provides insight into how the layout and team structure of future submarine 

control rooms may be improved to maximise passage of information between operators 

who are highly reliant on each other for task completion. 

 

 

 

 



 Submarine command and control, INSO  

 

32 
 

References 

 

Baddeley, A. (2000). The episodic buffer: a new component of working memory? Trends in 

cognitive sciences, 4(11), 417-423. 

Bateman, S. (2011). Perils of the Deep: The Dangers of Submarine Proliferation in the Seas of 

East Asia. Asian Security, 7(1), 61-84. 

Carletta, J., Anderson, A. H., & McEwan, R. (2000). The effects of multimedia communication 

technology on non-collocated teams: A case study. Ergonomics, 43, 1237–1251. 

 

Chalmers, B. (2010). A Work-Centred Approach to Optimizing Human-System Integration in 

Command and Control for the Victoria Class Submarine, Proceedings of Undersea 

Human Systems Integration Symposium, (pp. 10-14), American Society of Naval 

Engineers, USA. 

Dominguez, C., Long, W. G., Miller, T. E. & Wiggins, S. L. (2006). Design directions for 

support of submarine commanding officer decision making. In Proceedings of 2006 

Undersea HSI Symposium: Research, Acquisition and the Warrior (pp. 6-8), June 6-8, 

2006, Mystic, CT, USA. 

Drumheller, K., & Benoit, W. L. (2004). USS Greeneville collides with Japan’s Ehime Maru: 

Cultural issues in image repair discourse. Public Relations Review, 30 (2), 177-185. 

Duryea, D. M., Lindstrom, C. E., & Sayegh, R. (2008). Submarine imaging systems: developing 

improved capabilities and technologies. In SPIE Defence and Security Symposium 

proceedings. (pp. 69430X-69430X), April, 2006, Florida, USA. 



 Submarine command and control, INSO  

 

33 
 

Espevik, R., Johnsen, B. H., Eid, J., & Thayer, J. F. (2006). Shared mental models and 

operational effectiveness: Effects on performance and team processes in submarine attack 

teams. Military Psychology, 18 (S), S23. 

Glosny, M. A. (2004). Strangulation from the Sea? A PRC Submarine Blockade of Taiwan. 

International Security, 28(4), 125-160. 

Graham, J. W. (2009). Missing data analysis: Making it work in the real world. Annual Review of 

Psychology, 60, 549-576. doi: 10.1146/annurev.psych.58.110405.085530. 

Holt, M. M., Noren, D. P., Veirs, V., Emmons, C. K., & Veirs, S. (2009). Speaking up: Killer 

whales (Orcinus orca) increase their call amplitude in response to vessel noise. The Journal 

of the Acoustical Society of America, 125(1), pp. 27-32. 

Houghton, R. J., Baber, C., McMaster, R., Stanton, N. A., Salmon, P., Stewart, R., & Walker, G. 

(2006). Command and control in emergency services operations: a social network 

analysis. Ergonomics, 49 (12-13), 1204-1225. 

Huf, S., Arulampalam, S., Masell, T., Tynan, A., Brown, G., Manning, R. (2004). Coalition 

Transformation: An Evolution of People, Processes and Technology to Enhance 

Interoperability. In Agile Coalition Environment (ACE), 9th International Command and 

Control Research and Technology Symposium, (pp. 202-207). CCRP Publication series, 

Copenhagen.  

Huf, S., & French, H. T. (2004). Situation Awareness in a Networked Virtual Submarine. In 

Proceedings of the Human Factors and Ergonomics Society Annual Meeting (Vol. 48, 

No. 3, pp. 663-667). SAGE Publications, Denver. 



 Submarine command and control, INSO  

 

34 
 

Hunter, A., Hazen, M. & Randall, T. (2014). Victoria Class Submarine Human-in-the-Loop 

Experimentation Plan. Defence Research and Development, Atlantic, Dartmouth, Canada. 

Jones, E., Steed, R., Diedrich, F., Armbruster, R. & Jackson, C. (2011). Performance-based 

metrics for evaluating submarine command team decision-making. In Schmorrow, D. D., 

& Fidopiastis, C. M. (Eds.), Foundations of Augmented Cognition. Directing the Future 

of Adaptive Systems, (pp. 308-317). Springer: Berlin Heidelberg. 

Li, N. (2009). The evolution of China's naval strategy and capabilities: from “Near Coast” and 

“Near Seas” to “Far Seas”. Asian Security, 5(2), 144-169. 

Loft, S., Bowden, V., Braithwaite, J., Morrell, D. B., Huf, S., & Durso, F. T. (2015). Situation 

awareness measures for simulated submarine track management. Human Factors: The 

Journal of the Human Factors and Ergonomics Society, 57(2), 298-310. 

Loft, S., Sadler, A., Braithwaite, J., & Huf, S. (2015). The chronic detrimental impact of 

interruptions in a simulated submarine track management task. Human Factors: The 

Journal of the Human Factors and Ergonomics Society, 57(8), 1417-1426. 

Mansell, T., Tynan, A., & Kershaw, D. (2003). Investigating The Network Enabled Conventional 

Submarine: An Australian Perspective. Undersea Defence Technology (UDT), Pacific. 

Downloaded from Department of Defence command and control research portal 

http://dodccrp.org/events/2002_CCRTS/Tracks/pdf/106.PDF 

Ogden, G. L., Zurk, L. M., Jones, M. E., & Peterson, M. E. (2011). Extraction of small boat 

harmonic signatures from passive sonar. The Journal of the Acoustical Society of 

America, 129(6), 3768-3776. 

http://dodccrp.org/events/2002_CCRTS/Tracks/pdf/106.PDF


 Submarine command and control, INSO  

 

35 
 

Roberts, A., Stanton, N. A. & Fay, D. (2015). The Command Team Experimental Test-bed Stage 

1: Design and build of a submarine command room simulator. In proceedings of 

International Conference on Applied Human Factors and Ergonomics (AHFE), Procedia 

Manufacturing, 3, 2800-2807. 

Salas, E., Burke, C. S., & Samman, S. N. (2001). Understanding command and control teams 

operating in complex environments. Information Knowledge Systems Management, 2, 

311–323. 

Salas, E., Cooke, N. J., & Rosen, M. A. (2008). On teams, teamwork, and team performance: 

Discoveries and developments. Human Factors: The Journal of the Human Factors and 

Ergonomics Society, 50(3), 540-547. 

Shar, P., & Li, X. R. (2000). Passive sonar fusion for submarine C2 systems. IEEE Aerospace and 

Electronic Systems Magazine, 15(3), 29-34. 

Shattuck, L. G. & Miller, N. L. (2006). Extending naturalistic decision making to complex 

organizations: A dynamic model of situated cognition. Organization Studies, 27(7), 989-

1009. 

Stanton, N. A., & Harvey, C. (2016). Beyond human error taxonomies in assessment of risk in 

sociotechnical systems: a new paradigm with the EAST ‘broken-links’ approach. 

Ergonomics, 1-13. 

Stanton, N. A. (2016). Distributed Situation Awareness. Theoretical issues in Ergonomics 

Science, 17(1), 1-7. 



 Submarine command and control, INSO  

 

36 
 

Stanton, N. A. (2014). Representing distributed cognition in complex systems: how a submarine 

returns to periscope depth. Ergonomics, 57(3), 403-418. 

Stanton, N. A.  (2011)  Trust in Military Teams. Ashgate: Aldershot, UK. 

 

Stanton N. A., Baber C. & Harris D. (2008). Modelling Command and Control: Event Analysis of 

Systemic Teamwork. Aldershot, UK: Ashgate. 

Stanton, N. A. & Bessell, K. (2014). How a submarine returns to periscope depth: Analysing 

complex socio-technical systems using Cognitive Work Analysis. Applied ergonomics, 

45(1), 110-125. 

Stanton, N. A., Connelly, V., Prichard & van Vugt, M.  (2002)  Assessing the effects of location, 

media and task type on team performance.  Journal of Defence Studies, 7 (1) 29-41. 

Stanton, N.A., Rothrock, L., Harvey, C. and Sorensen, L. (2015) Investigating Performance of 

Command Team Structures in the NATO Problem-Approach Space. IEEE Transactions 

on Human-Machine Systems, 45 (6), 702 - 713. 

 

Stanton, N. A., P. Salmon, D. Harris, A. Marshall, J. Demagalski, M. S. Young, T. Waldmann, 

and S. W. A. Dekker. (2009). Predicting Pilot Error: Testing a New Methodology and a 

Multi-Methods and Analysts Approach. Applied Ergonomics 40 (3): 464–471. 

Stanton, N. A., Salmon, P. M., Walker, G. H. & Jenkins, D. P. (2009). Genotype and phenotype 

schemata as models of situation awareness in dynamic command and control teams. 

International Journal of Industrial Ergonomics, 39 (3), 480-489. 



 Submarine command and control, INSO  

 

37 
 

Stanton N. A, Stewart R, Harris D, Houghton RJ, Baber C, McMaster R, Salmon P, Hoyle G, 

Walker G, Young M. S, & Linsell M.(2006). Distributed situation awareness in dynamic 

systems: theoretical development and application of an ergonomics methodology. 

Ergonomics, 49(12-13), 1288-1311. 

Stewart, R., Stanton, N. A., Harris, D., Baber, C., Salmon, P., Mock, M., & Kay, A. (2008). 

Distributed situation awareness in an Airborne Warning and Control System: application 

of novel ergonomics methodology. Cognition, Technology & Work, 10(3), 221-229. 

Stone, R., Caird-Daley, A. & Bessell, K. (2009). SubSafe: a games-based training system for 

submarine safety and spatial awareness (Part 1). Virtual reality, 13(1), 3-12. 

Walker, G. H., Stanton, N. A., Salmon, P. M., and Jenkins, D. P. (2009). Command and Control: 

The Sociotechnical Perspective, Aldershot: Ashgate. 

Zarnich, R. E. (1999). A fresh look at broadband passive sonar processing. In Adaptive Sensor 

Array Processing Workshop (pp. 99-104), Office of Naval Research, USA. 

Biographies 

 

Aaron Roberts received the B.Sc. degree in Psychology from the University of Liverpool, 

Liverpool, UK, in 2007 and a PhD in Applied Cognitive Psychology in 2012 from the same 

institution. Aaron is currently a Research Fellow in Human Factors at the University of 

Southampton, Southampton, UK. His research interest’s center around the cognitive capacities of 

humans, in particular what changes occur during situations of increased demand. Aaron has 

examined the cognitive function of paramedics, pilots, submariners, fire service personnel, police 

officers and nurses in simulated operational environments. 



 Submarine command and control, INSO  

 

38 
 

 

Neville A. Stanton received the B.Sc. degree in Psychology from the University of Hull, Hull, UK, 

in 1986, an MPhil in Applied Psychology in 1990 and a PhD in Human Factors Engineering from 

Aston University, Birmingham, UK, in 1993, and a DSc in Human Factors Engineering from the 

University of Southampton, Southampton, UK, in 2014.  Neville is both a Chartered Psychologist 

registered with the British Psychological Society and a Chartered Engineer registered with the 

Institution of Engineering and Technology in the UK. 

His research interests include: team working in dynamic command and control tasks, development 

and validation of Human Factors methods, analysis and investigation of accidents, design of 

human-machine interaction, and investigation of human performance in highly automated systems. 

 

Daniel Fay received the B.Sc. degree in Applied Computing from the University of Bath, Bath, 

UK, in 2014. Daniel is currently a Human Factors Computing Technician at the University of 

Southampton, Southampton, UK. His research interests center around Software Engineering and 

Human Computer Interaction, in particular simplifying User Interfaces for complex software. 

 

 

 

 
 

 


