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ABSTRACT

The Command Team Experimental Test-Bed (ComTET) project aims to investigate the operation of
contemporary and future submarine control rooms. Previous ComTET research has found that
facilitating non-verbal communication between Sonar Operators (SOPS) and Target Motion
Analysts (TMA) helped reduce a communications bottleneck and better manage their workload.
The present study explores workload in a novel circular control room configuration which enables
non-verbal communication between all operators. Participants completed low and high demand
versions of Return to Periscope Depth (RTPD), In Shore Operations (INSO) and Dived Tracking
(DT), six scenarios in total. After each scenario was completed the NASA-Task Load Index
(NASA-TLX) was filled out. The present work looks at a subset of four teams from each
configuration as a preliminary analysis to provide insight into the direction of trends in the data.
Results show that perceived workload is affected by the configuration, with the circle layout
producing slightly greater overall workload (except for DT and INSO high demand).
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Introduction

Managing increasing volumes of data for submarine command teams will become more important
as sensors become more advanced. It is likely that the increased amounts of data will in turn
increase workload for operators as this data needs to be analysed and integrated into the tactical
picture (Woods et al., 2002). Workload is defined as the perceived relationship between the mental
processing and resources required by a task, and the individual’s capability (Hart & Staveland,
1988). Operators must remain at a level of cognitive arousal that is not over stimulating, as this can
lead to tasks taking longer to complete (Biondi et al., 2020), shedding secondary tasks (Roberts,
Stanton & Fay, 2017), slower reaction times, reduced memory (Fox et al., 2007), not completing
tasks in order (Hart & Staveland, 1988), lower task performance rates (Owens et al., 2018) and in
extreme cases a failure to perform at all (Hart & Staveland, 1988). This is not just theoretical and
operator overload has caused accidents to occur in the past, such as the collision between stern
trawler Karen (B317) and a Royal Navy (RN) submarine in 2015 (Marine Accident Investigations
Branch Report No. 20/2016, 2016).

Additionally previous research has found that there is a communication bottleneck in traditional
submarine control rooms between the Sonar Controller (SOC) and the Operations Officer (OPSO),
which affects the workload of the team (Roberts, Stanton & Fay, 2017). If this communication
pathway becomes saturated or backlogged, it will prevent tasks from being completed in a suitable
timeframe and could even lead to reduced task performance in cases where required information
was not received (Stanton & Roberts, 2019a). Previous research investigated a co-location
configuration which seated the Target Motion Analysis (TMA) and Sonar Operators (SOP) next to
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each other, as traditionally some sonar information is passed through the SOC and the OPSO before
reaching TMAs (Stanton & Roberts, 2019a). This change was effective at reducing the
communication bottleneck by allowing significantly greater volumes of information to be
communicated, which in turn increased task performance (Stanton & Roberts, 2019a). It was
suggested that the co-location configuration could potentially increase the workload of the OPSO,
as the sonar team were now located within the same room which generates more potential
communication pathways (Stanton & Roberts, 2019b). However, it was found that the TMAs and
SOPs favoured direct communication, which effectively reduced communication across the OPSO
(Stanton & Roberts, 2019b).

A large portion of traditional control room communication is done aurally via radio (Stanton &
Roberts, 2017). Research has found that face-to-face is the richest form of communication allowing
for immediate feedback (Daft & Lengel, 1986), with facial expressions (Hwang & Matsumoto,
2015) and eye contact (Argyle & Dean, 1965; Bohannon et al., 2013) being powerful
communication tools. In the high demand co-located scenarios, all operators compensated for the
increased workload by communicating more. Therefore, implementing a configuration which
enhances face-to-face communication could aid in workload management (Roberts et al., 2019;
Stanton & Roberts, 2019a; Stanton & Roberts, 2019b). Additionally, submarine command teams
are required to verbally confirm when they are ready to receive and the receipt of information,
which could be contributing to workload and the communication bottleneck (Stanton & Roberts,
2017). By allowing operators to communicate face-to-face they can utilise non-verbal cues such as
making eye contact when ready to receive and nodding to confirm information receipt (Cassell et
al., 2001). In the co-location study, it was suggested the TMA and SOP operators were able to use
Non-Verbal Communication (NVC) due to their co-location, which may have helped them manage
their workload (Stanton & Roberts, 2019a). Additionally, non-verbal cues can reduce the number of
interruptions that occur which would reduce the need to repeat information (Boyle et al., 1994).
Therefore, the present study predicts that enabling face-to-face communication will help the
command team to maintain the overall workload.

The results of the co-located study advised the Officer of the Watch (OOW) should remain in a
central position in any future configurations (Roberts et al., 2019). Their role is to revise the
generated tactical picture and commanding the team (Stanton & Roberts, 2017). In the co-location
study, the OOW could not see all the operator’s screens from their seat and was therefore required
to verbally communicate information or physically walk around the control room (Roberts et al.,
2019). Therefore, it is suggested that the OOW would benefit from being in a central location and
being able to see all operators’ screens (Roberts et al., 2019). However, having an outward facing
configuration, that would allow for the OOW to view all operator screens, would not allow for face-
to-face communication, therefore in the present study the OOW was positioned at the centre of an
inwards facing circle and there were three large screen displays which showed key information
from the team (see Figures 1la & 1b) (Stanton et al., 2021).

The current study compared the workload of the novel circular configuration to a baseline study
with a traditional submarine control room layout (Stanton & Roberts, 2017). It provides a
preliminary analysis of the trends in the data and looks at a sub set of four teams from each
configuration. Workload is measured using NASA-TLX (Hart & Staveland, 1988).

Methods
Design

To allow for the best comparison, the study used the same methods as the Baseline study (Roberts,
Stanton & Fay, 2017). A between subjects design was used. The independent variables were the
configuration of the control room (2 levels: traditional layout or “Baseline” and the circle
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configuration), the scenario type (3 levels: RTPD, INSO and DT), and the scenario demand (2
levels: High and Low). The dependant variable was the overall average score from NASA-TLX.

Participants

A team of nine currently operational submariners were recruited from the RN via voluntary
sampling. All participants were male, with an age range of 25-46. Security regulations prevented
the collection of some demographic information. The team was similar to that which was recruited
for the baseline study; however, a different Lieutenant Commander and Commander were present.
The study protocol received ethical approval from the University of Southampton Research Ethics
Committee (Protocol No: 10099) and the Ministry of Defence Research Ethics Council (Protocol
No: 551/MODREC/14).

Materials

The ComTET submarine control room simulator was designed to be representative of a currently
operational RN submarine (Roberts et al., 2015). It was re-fitted into the circular configuration;
however, the fundamental parts remained the same as the baseline. The redesign was based on
previous research findings and was reviewed by several Subject Matter Experts from both the RN
and industry partners (Stanton & Roberts, 2017). (See Figures 1a & 1b).
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NASA-TLX was used to measure subjective workload (Hart & Staveland, 1988). The NASA-TLX
questionnaire is made up of 6 subscales: Mental Demand, Physical Demand, Temporal Demand,
Performance, Effort and Frustration (Stanton et al., 2017, p.300). Each item is scored on an interval
scale divided into 20 from low (1) to high (20) (Stanton et al., 2017, p.302).

Participants completed low and high demand versions of three different scenarios: RTPD, INSO
and DT. For an outline of each scenario see Table 1. The order of tasks was counter balanced across
participants. Each scenario took around 45 minutes to complete.

The participants took on one of several roles which each had their own workstations: Operations
Officer (OPSOQ), Sonar Controller (SOC), two Sonar Operators (SOP), two Target Motion Analysts
(TMA), Periscope (PERI), and Ship Control (SHC).

Table 1: Descriptions of the scenarios at different demand levels.

Scenario Demand Number and Description
Level Type of
Contacts
Return to Low 4 - Fishing The vessel must RTPD from deep to send
Periscope Depth intelligence home. All contacts must be
(RTPD) ranged to find the optimum course.
Scenario completed when periscope has
marked all contacts
High 9 - Fishing RTDP as quickly as possible due to severe
3 - Catamaran | submarine damage. Attempt to range all
1 - Biological contacts to find the optimum course
Inshore Operations | Low 3 - Merchant Navigate the vessel safely inshore to
(INSO) 1 - Yacht gather intelligence on a land-based target.
1 - Freighter Scenario completed when close enough to
photograph the target building.
High 2 - Merchant Identify and track a suspect contact
1- Powerboat | inshore to gather intelligence on activities
5 - Fishing being carried out and the building they are
operating from.
Dived Tracking (DT) | Low 3 - Fishing Beginning at periscope depth the goal is to
1 - Sailboat locate and tract a nearby priority contact
1 - Nimitz (Nimitz warship). Scenario completed
when all contacts have been ranged and
the priority vessel is tracked.
High 7 - Fishing Locate and track the nearby priority
2 - Merchant contact (Nimitz warship) after a near
1 - Nimitz collision forces an emergency go deep

procedure.
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Procedure

Participants gave informed consent and were assigned stations based on their operational role in the
RN. Participants had an hour of training to familiarise themselves with the simulator before
beginning the experimental trials; most of the participants were present in the baseline study (apart
from the Lieutenant Commander) and were therefore already familiar with the simulator software.
A single trial was as follows: the OOW briefed the command team on the scenario, the tasks were
completed. After each scenario, participants were asked to complete the NASA-TLX ratings and
were then allowed a short break and provided with refreshments. Each scenario took around 45
minutes to complete and the NASA-TLX took a further 10 minutes. At the end of the testing day
participants were given a full debrief and thanked for participating.

Results

Data analysis for the full data set is still underway, therefore this paper looks at a subset of four
teams, to provide an indication of the direction of trends. This analysis uses the “raw-TLX” method
where all measures are averaged to give an overall workload score (Hart, 2006). Full statistical
analysis is planned to be completed once all the data has been processed.

NASA-TLX Scores

Both the baseline and circle configuration groups found that workload was greater in the high
demand scenarios than in the low demand scenarios (Baseline configuration low demand: M=8.72,
SD=5.38. Baseline configuration high demand: M=9.81, SD=5.06. Circle configuration low
demand: M=7.70, SD=4.85. Circle configuration high demand M= 9.90, SD=4.85). The condition
with the highest workload for the Baseline configuration was DT High demand and for the Circle
configuration it was INSO High demand.

When comparing the overall scores across demand levels the low demand scenarios had lower
workload on average apart from DT in the circle configuration which showed marginal differences
(see Table 2 for a breakdown of the scenario means).

When comparing the scores across configurations, in general the circle configuration appears to
have greater workload than the baseline for all RTPD scenarios, INSO High demand and DT Low
demand. INSO Low demand and DT High demand had lower workload in the circle configuration.

Table 2: NASA-TLX Means and Standard Deviations (rounded to two decimal places) broken
down by configuration, scenario type and demand level.

Scenario Demand Baseline Circle Configuration

Type Level Configuration

RTPD Low 8.05% 5.01 9.99+ 7.28

High 9.82+591 10.06 + 4.60

INSO Low 7.43 +£5.30 6.61+5.23

High 9.51+4.79 10.10+4.21

DT Low 9.04 £5.72 9.79£5.62

High 10.11 £ 5.37 9.42 +£5.63

Discussion

It was expected that the workload would be reduced in the circle configuration, as this layout has
been found to improve communication within the submarine control room (Pope et al., 2018;
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Roberts et al., 2019; Stanton & Roberts, 2019a; Stanton & Roberts, 2019b). However, the findings
found that the workload was greater during the circle configuration (except for DT high and INSO
low demand). The increased perceived workload could reflect the number of tasks completed by the
command team. It is expected that more subtasks will be completed during high demand scenarios
as there are more contacts which need to be assessed for tactical picture generation (Roberts et al.,
2015). Studies have found that in the circle configuration teams were able to complete significantly
more subtasks such as checking cuts, completing sonar merges, and refining solutions (Stanton et
al., 2020; Roberts et al., 2021; Stanton & Roberts, 2018). All these subtasks help to shape and refine
the tactical picture, therefore being able to complete these more frequently may help the tactical
picture to remain more accurate (It is important to note that ComTET has yet to assess tactical
picture accuracy; Roberts et al., 2021). The increased workload scores during the high demand
RTPD and INSO scenarios in the circle configuration may simply reflect the command team’s
ability to complete more subtasks.

Both the baseline and circle configurations show the effects of the scenario demand, with low
demand having lower workload scores than high demand. This reflects the greater number of
contacts, and therefore greater workload, in the high demand scenarios (Stanton & Roberts, 2017).
The effect of scenario type varies as each scenario has differing levels of contacts and involves
different task prioritisation. The baseline configuration reports DT high as the greatest workload
and INSO Low demand as the lowest whereas the circle configuration reports INSO high demand
as the greatest, closely followed by RTPD high demand. The least workload in the circle
configuration was again INSO low demand. High demand RTPD and DT have the most contacts
out of all the scenarios, 13 and 10 total contacts respectively (see Table 1). Therefore, it is expected
these scenarios would have a higher workload. Both configurations showed low demand INSO to
have the smallest workload. During INSO the submarine usually operates at periscope depth and
often the periscope is used to search for and range contacts (Stanton & Roberts, 2017). In a low
demand INSO scenario the submarine is less likely to complete a duck and run manoeuvre, which
requires more input from the rest of the command team (Roberts et al., 2015). Therefore, the
workload may be the lowest for this condition because it was not spread evenly across the whole
command team, with the PERI operator contributing the most (Roberts et al., 2015).

To conclude, the findings of this paper suggests that the circle configuration layout increases the
overall perceived workload. However, these differences are marginal and further statistical analysis
is needed to decide if these differences are significant. Results should be treated according to their
limited statistical power, serving only as a preliminary insight.
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